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Surveys of the kind reported here necessarily depend upon many people. 
Persons who were particularly helpful in each of the areas surveyed are named 
in the separate reports on those areas. Here it is fitting to acknowledge the 
splendid cooperation, in every sample and in every area, of the men who res­
ponded to our invitation to participate. Though few among the thousands of 
men who were examined could have had more than a vague idea of our pur­
poses, they were almost unfailingly patient, friendly and anxious to help; it 
was a pleasure to work with them. 

All of us are grateful to Dr. Paul Dudley White whose continued active 
interest and help in this program began with our first explorations with an 
international team in Naples in the spring of 1954. His visits to the field 
operations were always stimulating and his name opened many doors. 

Serum samples from all areas were analyzed for cholesterol in the coordi­
nating center at the University of Minnesota. This work engaged many 
persons but special thanks are due to Dr. Joseph T . Anderson, who directed 
the analytical laboratory, and to Mrs. Nedra Foster, who supervised the 
technicians. Many samples were also analyzed at the Istituto di Fisiologia 
Umana of the University of Naples under the supervision of Prof. Flaminio 
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In order to assure maximum comparability in the classification of the 
electrocardiograms, all of the tracings were independently read by at least 
two internists with special experience in electrocardiography. Besides taking 
part in all of these readings, Dr. Henry Blackburn supervised the readings by 
the collaborating physicians and reconciled disagreements in the classification. 
Those who worked at the international level in the electrocardiographic classi­
fication were: Drs. Gunnar Blomqvist (Stockholm), Ivan Mohacek (Zagreb), 
Raimondo Katigbak (Manila), Sven Punsar (Helsinki), and Pentti Rauta-
harju (Halifax). 
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did important work in developing and standardizing the anthropometric meth­
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Dr. J. K. Kihlberg, R. Willis Parlin and Norris Schulz, of the University 
of Minnesota, were responsible for the statistical work on the data from all 
of the areas in this cooperative program. Ernest Klepetar, now at Columbus, 
Ohio, provided advice. 



F O R E W O R D 

The data presented and discussed in the following pages are the result 
of truly cooperative efforts, actually a series of inter-connected collaborations, 
on an international scale. In effect, what is presented here is a progress report 
on a long-time study of the epidemiology of coronary heart disease. 

The persons primarily responsible for the establishment of the samples 
and the field work in the various areas are identified as authors of Sections CI 
through C9. Dr. Henry Blackburn wrote Section G. The senior editor wrote 
Sections A, B, D, E, F, and H, after much consultation with the persons 
listed on the title page who also checked preliminary drafts of these sections. 

Mr. R. Willis Parlin had a major responsibility in preparing and checking 
the tables and graphs, as well as in the assembly of the materials for the 
printers. Dr. Martti J. Karvonen shepherded the whole work through the 
printers. 

A, K. 



A. P U R P O S E S , ORGANIZATION, G E N E R A L 

CONSIDERATIONS 

1. Introduction 

The purpose of the present commu­
nication is to report data, and their anal­
ysis, on some variables presumed to 
be relevant to the epidemiology of cor­
onary heart disease. These variables 
are anthropometric characteristics (in­
cluding relative body weight and fat­
ness), blood pressure, serum cholesterol 
concentration, electrocardiographic 
items, and smoking habits, as recorded 
for middle-aged men. 

The materials comprise data obtain­
ed from 1957 through 1962 on more 
than 12,000 men by 9 collaborating 
teams of investigators, centrally coor­
dinated. Comparability was assured by 
the use of identical methods, exchange 
of professional personnel among the 
teams, and centralized chemical and 
data analysis. The data are from 17 
samples of men aged 40 through 59 in 
the U.S.A., Japan, Yugoslavia, Fin­
land, Italy, the Netherlands and Greece 
and one sample of men aged 45—64 
in Italy. Thirteen of these samples re­
present all men of given age in geo­
graphically defined areas; 5 of the 
samples represent railroad employees. 

Subsequent status in regard to health 
and other variables is being followed 
in all these men. Results from the fol­
low-up will be presented in later re­
ports. The present report concerns only 

the findings in the cross-section sur­
veys for the variables noted above; oth­
er variables and clinical interpretations 
will be covered in separate reports. 

Publication, and ascription of "auth­
orship", of the results from the efforts 
of so many collaborators present diffi­
cult practical problems. The present 
title page lists the "responsible investi­
gators" or heads of the investigative 
teams who were concerned with the 
variables covered here. The principal 
collaborators and professional assistants 
are listed in the appropriate sections of 
this report. All of these persons share 
credit for the work reported here. 

Dietary surveys were an important 
integral part of these epidemiological 
studies but the data are not reported 
here; the persons responsible for the 
dietary work will be identified in sepa­
rate publications on the dietary find­
ings. 

2. Coronary Heart Disease 

Coronary heart disease is the leading 
cause of death in many of the econo­
mically more advanced and prosperous 
regions of the world but the incidence 
differs greatly among populations. Such 
data as in Table Al present implica­
tions for the public health and for the 
understanding of the etiology of this 



disease, the limitations of such vital sta­
tistics point to the need for large-scale, 
detailed epidemiological studies in con­
trasting populations on the frequency of 
the disease and on variables that may 
be involved in its etiology. 

Table Al summarizes 1959 death 
rates ascribed to various causes among 
men aged 40—59 in the countries con­
cerned in the present studies. These 
official vital statistics indicate great 
differences in the reported mortality 
from coronary heart disease, the highest 
(Finland and the U.S.A.) being of the 
order of six to eight times the lowest 
rates (Greece, Japan, and Yugoslavia). 
Smaller, but still very large, differences 
are reported for deaths from all circul­
atory diseases. Finally, death rates 
from the sum of all causes are highest 
in those countries (Finland and the 
U.S.A.) reporting the highest mortality 
from coronary heart disease, suggesting 
a true great excess of that disease in 
those countries. 

The data of Table Al for mortality 
from diseases of the circulatory system 
are expressed in Table A2 as percent­
age of mortality from all causes ex­
cluding infectious diseases and violence. 
These latter causes are ascertained with 
relatively high reliability and would 
seem to have little or no etiological rela­
tionship to coronary heart disease. On 
the other hand, though the broad cate­
gory of circulatory diseases may be 
relatively comparable among countries, 
there is more question about sub-cate­
gories. Cases of sudden death that 
would be labelled "coronary" in some 
countries (e.g., U.S.A. and Finland) 
may be certified as "cerebrovascular" 
in some other countries (e.g., Japan). 
It is probable, also, that in some coun­
tries "other heart disease" includes 
many deaths that might more properly 
be attributed to coronary heart disease 
in contrast to the situation in the 
United States where there is probably 
a tendency to attach the "coronary" 

label on inadequate grounds. But no 
matter what efforts are made to allow 
for these considerations and to mini­
mize the contrasts indicated in vital 
statistics, great differences still persist 
among the countries in regard to coro­
nary heart disease or the sum of coro­
nary plus other heart disease plus hy­
pertension. 

Though Tables Al and A2 raise 
important and intriguing questions, it 
is obvious that it does not suffice to 
analyse vital statistics and similar offi­
cial records gathered for purposes other 
than the investigation of the etiology of 
the disease. As Dawber and Kannel 
(1963) point out, such "macro-epidem-
iological" materials would have limit­
ed value even if the data from differ­
ent regions were strictly comparable. 
Systematic studies are needed on con­
trasting populations using rigidly stand­
ardized methods and criteria so as to 
characterize them more precisely not 
only in respect to the frequency of the 
disease but also in respect to the distri­
bution of variables that may be asso­
ciated with the development of the dis­
ease (Keys and White, 1956; Study 
Group, 1957; Keys, 1958; Research 
Committee, 1959; Morris, 1961, 1962). 
For, if there are differences in the inci­
dence of the disease, comparisons of 
populations in respect to associated 
characteristics are essential in an effort 
to explain the differences. 

Among characteristics suggested to 
be contributory to the development of 
coronary heart disease, importance is 
frequently attributed to overweight or 
obesity, elevated blood pressure, high 
concentration of cholesterol in the 
blood, lack of physical exercise, and 
the habit of cigarette smoking. The 
present series of papers is concerned 
with these characteristics and with 
electrocardiographic findings among 
middle-aged men in populations reputed 
to vary widely in the frequency of the 
disease, from very high (the United 
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TABLE A l 

Death r a t e s , p e r 100,000 men , in 1959, f r om W .H . O. Annual Ep idemio log ica l and 
Vital S t a t i s t i c s , Geneva , 1962, c l a s s i f i ed a cco rd ing to the I n t e rmed i a t e (A) and 
Abbrev ia t ed (B) l i s t s in the Manual of the I n t e rna t iona l S t a t i s t i ca l C lass i f i ca t ion of 
D i s e a s e s , I n ju r i es and Causes of Death (1957, Geneva) . " Infect ion" c o m p r i s e s 
B l - 1 7 ; "All V i o l e n c e , " B45-50 ; "All C i r cu l a t o ry , " B22, B24-29 , A85-86 ; " C e r e b r o ­
v a s c u l a r , " B22; "Co rona ry , " B26; "Other H e a r t , " B27; "Hyper t ens ion , " B28-29 . 

CAUSE p 

Al l C au s e s 
Infection 
Violence 
All C i r cu l a t o r y 
Ce r eb rova s c u l a r 
C o r o n a r y 
O ther H e a r t 
Hype r t ens ion 

All C au s e s 
Infection 
Violence 
All C i r c u l a t o r y 
C e r e b r o v a s c u l a r 
Co rona ry 
O ther H e a r t 
Hype r t ens ion 

All C au s e s 
Infection 
Violence 
All C i r cu l a t o r y 
C e r e b r o v a s c u l a r 
Co r ona r y 
O the r H e a r t 
Hype r t ens ion 

Al l Cau se s 
Infection 
Violence 
All C i r c u l a t o r y 
C e r e b r o v a s c u l a r 
Co rona ry 
O ther Hea r t 
Hype r t ens ion 

' INLAND 

500 .0 
5 5 . 4 

118 .4 
178 . 9 
2 6 . 4 

117 .5 
11 . 1 
10 .2 

780 .0 
64 .9 

144.3 
317 .6 

51 .9 
223 .7 

14 .5 
9 .1 

1290.0 
109. 0 
159.7 
569 .9 

85 .7 
422 .6 

24. 1 
19 .9 

2030. 0 
151 .5 
171 .2 
926 .3 
159. 8 
643 .2 

56 . 0 
3 1 . 1 

GREECE 

260. 0 
3 2 . 3 
4 6 . 7 
36 .7 

9 .6 
8 .7 

12 .2 
2 . 1 

450. 0 
48 . 8 
6 0 . 3 
9 0 . 0 
24 . 6 
30. 1 
2 5 . 5 

4 . 7 

650 .0 
5 5 . 7 
5 1 . 6 

157 .6 
4 8 . 0 
4 8 . 0 
44 . 8 

5 . 4 

1120.0 
68. 7 
6 3 . 2 

291 .7 
83 . 4 
9 5 . 4 
85. 1 
14 .2 

ITALY JAPAN 

MEN AGED 40 
330. 0 

39 .5 
6 6 . 4 
77. 1 
12 .7 
42. 1 

5 .5 
3 . 8 

4 20 . 0 
7 1 . 6 
88 .9 
88 .7 
51 .2 
24. 7 

4 . 5 
4 . 3 

MEN AGED 45 
520 .0 
4 9 . 2 
75 . 6 

139.9 
2 8 . 8 
7 8 . 4 
10 .6 
7 .7 

640. 0 
9 3 . 4 

102 .5 
174. 1 
112 .2 
4 1 . 3 

6 . 8 
8 .5 

MEN AGED 50 
890 .0 
73 .7 
94. 6 

2 60 . 3 
6 3 . 7 

145 .5 
17 .9 
15 .9 

1020.0 
115 .6 
111.9 
352 .4 
240 .7 

70 .9 
14. 1 
16 .2 

MEN AGED 55-
1460.0 

87. 3 
97. 1 

509. 3 
144 .3 
270. 1 

35. 1 
36. 0 

1680.0 
149. 3 
133.2 
659. 8 
4 68 . 4 
114 .9 
2 8 . 9 
31 . 5 

NETHER­
LANDS 

-44 
240 .0 

9 . 8 
4 4 . 3 
62. 1 

7. 1 
42. 7 

2. 8 
1.5 

-49 
390. 0 

11 .5 
44. 5 

120.2 
14. 0 
85. 3 

7. 5 
4. 1 

-54 
690 .0 

14 .3 
5 8. 0 

218 .7 
2 1 . 0 

162. 1 
12 .0 
7. 0 

-59 
1210. 0 

17 .9 
82 . 4 

423 .3 
63 . 1 

297. 5 
2 1 . 7 
11 . 1 

U. S. A. 
WHITE 

420 .0 
8. 3 

9 2 . 2 
170. 6 

14 .2 
126. 8 

6 .2 
6. 1 

690. 0 
13. 1 

103. 1 
338. 3 

2 7 . 4 
2 5 9. "2 

11 .5 
14 .3 

1150. 0 
2 1 . 0 

115. 8 
608. 5 

56 .7 
465 . 8 

17 .5 
2 7 . 4 

1790.0 
32. 1 

125 .4 
988. 0 
102 .4 
748 .2 

2 6 . 3 
49. 6 

YUGO­
SLAVIA 

378. 1 
78. 1 
97. 0 
54 .2 
13 .6 
13 .6 
2 1 . 9 

-

577. 7 
111.7 

93 . 8 
106 .0 
25 . 1 
3 0 . 5 
40. 3 

2. 1 

984. 3 
165 .4 
113.9 
201 .9 

54 .7 
5 1 . 1 
81 .8 
7. 1 

1637.5 
233 .4 
133 .4 
397. 5 
100 .5 
112. 0 
158. 8 

13. 5 
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TABLE A2 

P e r cent of all dea ths , other than those a sc r ibed to infections and p a r a s i t i c d i sease 
(Bl-17) or to violence (B47-50), accounted for by deaths a sc r ibed to all c i r cu la to ry 
d i s e a s e s , to c e r eb rovascu l a r d i sease (B22), to co rona ry h ea r t d i sease (B26), and 
to all o ther hea r t d i s ease and hyper tens ion (B27-29). 

COUNTRY 

Finland 
Greece 
I taly 
Japan 
Nether lands 
U .S .A . , White 
Yugoslavia 

Finland 
Greece 
Italy 
Japan 
Nether lands 
U . S . A . , White 
Yugoslavia 

A L L 
MEN AGED 

CIRCUL. 

55 
20 
34 
34 
33 
53 
27 

56 

29 
36 
44 
35 
60 

29 

B22 

8 
5 
6 

20 
4 
4 
7 

MEN AGED 

8 

9 
9 

30 
3 
6 
8 

4 0 -
B26 

36 
5 

19 
10 
2 3 
40 

7 

50 -

4 1 

9 
20 

9 
26 
46 

7 

•44 

B27-29 

7 
8 
4 
3 
2 
4 

10 

•54 

4 

9 
5 
4 
3 
4 

13 

A L L 
MEN AGED 

CIRCUL. 

56 
26 
35 

39 
36 

59 
28 

54 
30 
40 
47 
38 
6 1 
31 

B22 

9 
7 
7 

25 
4 
5 
7 

MEN AGED 

9 
8 

11 
34 

6 
6 
8 

4 5 -
B26 

39 
9 

20 

9 
26 
45 

8 

5 5 -

38 
10 
21 

8 
27 
46 

9 

•49 
B27-

4 

9 
5 
3 
3 
4 

11 

59 

5 
10 
6 
4 
3 
5 

14 

29 
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States and Finland), to low incidence 
(Japan and countries of the Eastern 
Mediterranean ). 

3. The Epidemiological Approach 

Epidemiological investigations alone 
seldom, if ever, yield final proof of 
causation, but they offer a powerful 
tool to discover associations among var­
iables, to provide clues for further 
investigations, to test hypotheses of 
cause and effect, and to indicate practi­
calities to consider for possible pro­
grams of prevention and control (Keys, 
1957). 

The utility and even the necessity of 
the epidemiological approach as a major 
but not exclusive method in the effort 
to develop methods to control coronary 
heart disease is emphasized by the limi­
tations of clinical and experimental 
approaches. 

Serious questions arise about the 
relevance of data from experiments on 
animals to the actual interplay of causal 
influences in the etiology of the disease 
in man. These questions concern the 
progression from atherosclerosis to in­
farction as well as the development of 
the primary atherosclerosis. The basic 
arterial disease may be mimicked in 
some experiments on animals — though 
exact correspondence is debatable — 
and details of pathogenetic mechanisms 
may be studied in this way. But the 
quantitative equivalents of the variables 
that promote pathogenesis in man 
cannot be specified for other species. 
The etiology of the disease in man 
concerns quantitative influences that 
operate over many years; these must 
be evaluated in man himself. 

As to the clinical approach, it may 
be suggested that often it is only 
epidemiology applied to inadequate 
numbers; in any case it has serious 
limitations. The causative influences 

of the basic disorder begin to operate 
long before coronary heart disease is 
clinically recognizable and may even 
have disappeared before that time. 
Furthermore, in populations beset with 
this disease in epidemic proportions, 
comparison of patients with so-called 
controls is complicated by the fact that 
many of the controls themselves are 
afflicted with severe but as yet silent 
coronary atherosclerosis and any anal­
ysis is necessarily probabilistic (White 
era/., 1950; Larsen, 1954; Keys and 
White, 1956; Larsen and Bortz, 1960). 
Finally, the high early mortality in the 
first heart attack means that clinical 
studies generally cover only certain 
kinds of coronary patients, those who 
survive long enough to be studied. 

The ultimate clinical event of myo­
cardial infarction or acute coronary 
thrombosis is a distinct entity but angi­
na pectoris is by no means so sharply 
defined and the underlying arterial dis­
ease shows no clear demarcation in 
the transition from the "normal, clean" 
artery to the situation that is grossly 
pathological. There is reason to believe 
that causative influences, too, operate 
quantitatively and in an additive 
fashion. It is obvious, then, that the 
relevant variables should be measured 
and analyzed quantitatively and with 
due regard to interrelationships among 
variables. 

4. Cross-Section versus Follow-up 
Studies 

Cross-section surveys on coronary 
heart disease may reveal prevalence but 
they do not indicate incidence or the 
sequence of events and they tell us 
nothing about the characteristics of 
persons who die suddenly. The impor­
tance of this latter fact in the case of 
coronary heart disease is apparent when 
il. is realized that the acute mortality 
(first 30 days) of the first heart attack 
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is of the order of 30 per cent (Biörck 
etat, 1960). 

Data from cross-sectional surveys 
depict characteristics of the population 
at the time and allow comparison to be 
made between "healthy" persons and 
certain kinds of patients with coronary 
heart disease. In estimating prevalence, 
the greatest security is with the select 
group of survivors of myocardial infarc­
tion who happen to show persisting 
electrocardiographic evidence of pre­
vious infarction or for whom convinc­
ing old records can be found to prove 
that infarction occurred at some time 
in the past. To these may be added 
individuals who are judged to have 
classical angina pectoris, though if the 
criteria are rigidly specified the number 
of doubtful cases will outnumber those 
who unquestionably merit the diagnosis. 
Finally, there are persons in the "greay 
area", those with non-specific electro­
cardiographic abnormalities — flat or 
depressed ST segments and T waves, 
the various disturbances of rhythm. 

Obviously, unless great conservatism 
is exercised false diagnosis will be 
frequent. But if conservative diagnosis 
is adhered to, missed diagnosis will 
be at least equally frequent. Finally, 
whatever criteria are used, the preva­
lence survey will result in a group of 
patients about whom we must ask 
whether some of their other character­
istics may not be results of the clinical 
disease and not representative of them 
in the pre-disease situation. 

Some of these difficulties in cross-
section surveys can be avoided and 
others reduced in prospective studies 
which start with the study of persons, 
initially healthy, who are followed until 
enough of them have developed the 
disease to allow comparison with the 
persons in the cohort who remain 
healthy. Longitudinal studies of this 
type require much more time and effort 
but are correspondingly more signi­
ficant. 

5. Current Epidemiological Studies 
in the U.S. 

The incidence of coronary heart dis­
ease among middle-aged men is such 
that in many populations a few thou­
sand subjeot-years follow-up will pro­
vide an adequate number of cases for 
statistical analysis. Such a study was 
started in Minnesota in 1947 (Keys 
era?., 1963) and others began later at 
Framingham (Dawber et al., 1957; 
Dawber and Kannel, 1961), at Albany 
(Doyle, era/., 1957, 1959), at Los 
Angeles (Chapman era/., 1957), at 
Chicago (Paul era/., 1963), and else­
where in the United States. 

Important findings are emerging 
from these follow-up programs in the 
United States. It is gratifying to note 
the consistency in the results but this 
also points to several limitations. In 
the first place, all these studies con­
cern men in one particular culture, 
that of contemporary urban United 
States and some of the associations 
among variables that emerge may not 
be universal to other cultures, socio­
economic patterns and regions. In the 
second place, the samples are by no 
means random; they were selected by 
employment or availability except in 
the case of the Framingham study. 
In the latter, though a random roster 
of the small town of Framingham was 
used for eligibility to enter the study, 
about a third of the men eligible did 
not come into the study; they selected 
themselves out of it ( Dawber et al., 
1957). Finally, these American popu­
lation samples are characterized by a 
relatively high degree of homogeneity 
in certain respects of mode of life so 
that they throw little light on the 
effect of differences in mode of life. 
The incidence rates of coronary heart 
disease are so similar in all of these 
studies that there is little basis of 
contrast on which to compare the sever­
al samples. Physical activity and diet, 
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too, do not show great contrasts among 
the samples and even within the 
samples variability in these items is 
restricted. 

The association among variables 
which seem to be most important in the 
etiology of this disease in one popula­
tion may not apply or may be overshad­
owed by other factors, in other popu­
lations. Universals in the disease will 
be clear only when populations of 
differing habits and cultures are in­
cluded in broader studies. 

6. Epidemiology in Contrasting 
Populations 

Epidemiological studies, comparing 
populations affording great contrasts, 
especially in regard to the diet and che 
reputed frequency of ischemic heart 
disease have provided useful data in 
cross-section surveys of contrasting 
socio-economic groups in Madrid ( Keys 
er al., 1954a), Naples (Keys er al., 
1955), Guatemala City (Scrimshaw 
era/., 1957), and of different racial 
groups in Cape Town (Bronte-
Stewart er al., 1955). But complicating, 
and perhaps confounding, variables are 
introduced when comparisons are made 
among differing socio-economic clas­
ses, especially when the lower end of 
the scale is represented by a population 
seriously underprivileged in many re­
spects, including medical services and 
food. The addition of the variable of 
race involving great differences in 
mortality in youth and in exposure to 
infectious and parasitic disease, further 
complicates the picture. 

7. An Ideal Epidemiological Program 

Consideration of the points made in 
the foregoing sections tends to define 
the character of ideal epidemiological 

studies concerned with the universals 
of this disease. They should begin 
with detailed measurements and exami­
nations of samples of persons in con­
trasting populations and should cover a 
number of variables that are of potent­
ial relevance to the etiology of or 
susceptibility to the disease. Careful 
follow-up will then reveal incidence 
and will relate the development of the 
disease to pre-disease characteristics. 
Because comparisons are so vital in 
such studies, we reiterate the point 
noted previously — rigidly standard­
ized methods and criteria must be 
applied. 

The practicalities to meet these re­
quirements are formidable and could 
scarcely be met by any single investiga­
tive unit let alone any single investigat­
or. But it proved to be feasible to or­
ganize a group of investigative teams 
in different countries who would agree 
on indentical protocol, methods, criteria, 
and analytical treatment, and to make 
arrangements to maintain comparability 
by exchange of professional personnel 
and centralization of analytical work. 

8. The Present Report 

The present report concerns data 
from the first phase, the cross-section 
survey, of an attempt at such a broad 
cooperative epidemiological study in­
volving parallel studies on many sam­
ples of men by independent but coordin­
ated teams in a number of countries. 
It will be evident that, though the 
program was ambitiously conceived and 
has operated well within the limits 
originally set, it is far from a close 
approach to the ideal. The subjects 
comprise 12,293 men, yet the number 
is too small to allow more than limited 
conclusions about coronary heart dis­
ease itself, unless, as hoped, the fol­
low-up extends to 10 or more years. 
The number of variables studied is also 
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limited, partly because of limited funds, 
partly because suitable methods have 
not yet been developed for epidemio­
logical application. 

However, from the initial cross-
section surveys the numbers are ade­
quate to indicate in some detail distri­
butions and interrelationships of the 
measured variables and to make some 
population comparisons. Attention to 
the avoidance of bias in sampling has 
avoided some common faults in popu­
lation studies but questions remain. 
The "chunk" samples dealt with in 
Europe and Japan, though unbiassed in 
respect to the particular areas selected 
for study, are not claimed to be 
necessarily good samples of the whole 
region in which they reside, let 
alone of the countries. The U.S. rail­
road employees studied are not claimed 
to be an ideal sample of all U.S. rail­
road employees; there were too many 
men in the samples who refused to 
cooperate. And the Roman sample 
may be unrepresentative of railroad 
employees in Italy as a whole. But we 
should not deprecate too much; the 
samples are better than those previously 
studied. Besides, a good theoretical 
argument can be made that no sample 
can perfectly represent a population 
unless it corresponds in all particulars 
of the distributions of all relevant 
variables in that population; since this 
fact can never be guaranteed in any 
real situation, no sample can be perfect. 

9. Features of the Cooperative 
Program 

The basic plan of the program from 
which data are reported here was to 
organize parallel studies on men aged 
40—59 in areas differing in the diet or 
in the reputed incidence of heart dis­
ease, or both, but with areas so chosen 
that within each area there would be 
relative homogeneity. In Europe, rural 

areas dominated by simple agricultural 
pursuits were selected in which virtually 
all men of given age would be covered, 
an optimistic plan justified, as shown in 
Section 12, below, by previous explo­
rations. In Japan the farming and fish­
ing village areas of Tanushimaru and 
Ushibuka were similarly covered by 
such "chunk" samples. A departure 
from the concentration on rural popu­
lations is the study of the men of 
Zutphen, a small town in central Hol­
land in which, unlike the rural areas, 
most of the men are not farmers but 
are engaged in trade and light industry. 

In the United States it was not 
feasible to organize a program with 
rural populations that would be reason­
ably comparable to the European pop­
ulations. However, a parallel pro­
gram was organized to study several 
occupational categories of men aged 
40—59 employed by railroads oper­
ating in the northwest sector of the 
country. The sampling procedure used 
in this study will be described in detail 
in the specific section of this report 
covering U.S. railroad employees. Three 
major occupational categories of the 
railroad employees in the U.S.A. were 
distinguished: clerks, yard switchmen, 
and executives; the switchmen are phy­
sically moderately active while the men 
in the other two categories are seden­
tary. More careful scrutiny showed 
that certain types of U.S. railroad 
"clerks" are not sedentary in their 
occupation; eventually, the clerks were 
distributed into sedentary and non-
sedentary clerk categories. 

The sample of railroad employees in 
Rome comprised four categories: station 
masters and dispatchers (sedentary), 
switchmen (rather comparable to the 
U.S. switchmen), maintenance-of-way 
workers (heavy work), electrical main­
tenance workers (generally active but 
variable in level of activity). 

A major feature of the entire pro­
gram was the adoption of rigidly 
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standardized methods and criteria, a 
common protocol and battery of obser­
vations and tests, and central coordin­
ation to assure, so far as possible, 
complete comparability of the data col­
lected. Further, to assure such compar­
ability, arrangements were made for 
interchange of professional personnel 
among the teams working in the several 
areas and for centralization of statistical 
and some analytical services. It was not 
possible to arrange such interchange 
for Japan but Prof. Kimura worked 
with the other teams in Minnesota, 
Greece, and Italy and Prof. Keys 
participated with Prof. Kimura's group 
in an earlier exploratory survey in Ja­
pan (Keys er a/., 1958 a). 

Accordingly, the idea of "chunk sam­
pling" of a defined geographical area 
was tried out in 1957 with studies on 
men aged 45—64 at the large village of 
Nicotera (Calabria), Italy, and in a 
series of villages in the central part of 
the Island of Crete, Greece. The exper­
ience in 1957 showed the feasibility 
of obtaining nearly complete coverage 
of such designated samples in villages 
by detailed examinations and emphas­
ized the value of using international 
teams in these programs. The profes­
sional staff working together at Nico­
tera and Crete represented nine coun­
tries (England, Finland, France, 
Greece, Italy, Japan, the Netherlands, 
U.S.A. and Yugoslavia). 

10. Preceding Experience in Field 
Work 

11. Organization of Programs 
Providing the Present Data 

The studies from which data are 
reported here were preceded by exten­
sive experience in field explorations 
directed towards the question of the 
epidemiology of coronary heart disease 
and possible relationships with pre-
disease characteristics and mode of life, 
including the diet and physical activity. 
This work began in 1952 in Italy, 
Spain, and England, and later extended 
to South Africa, Japan, and Finland 
(Keys, 1952, 1953; Keys era/., 1954a, 
1954 b, Keys and Keys, 1954; Bronte-
Stewart era/., 1955; Keys era/., 1955, 
1956; Brozek era/., 1957; Keys era/., 
1958a, 1958b; Karvonen era/., 1959). 
Explorations with U.S. railroad em­
ployees began in 1956 and a start on 
systematic, larger scale studies was 
made in 1957 (cf. Taylor era/., 1962). 

These studies disclosed significant 
contrasts, especially in regard to serum 
cholesterol and the diet, and pointed 
to the need for larger and more system­
atic operations with careful attention 
to sampling and uniform protocol. 

The extensive explorations prior to 
1957 led to more systematic programs 
with a plan to follow-up the men exam­
ined for 5 or more years. It was 
agreed that a suitable age range would 
be 40—59, and that a series of popu­
lation samples should be studied in 
parallel. Accordingly, new programs, 
from which data are here reported, 
were started in 1957 with the railroad 
employees in the U.S.A. and in 1958 
in Dalmatia and Slavonia, Yugoslavia, 
and were followed by the programs 
which began in two areas of Finland 
in 1959, and in 1960 at Crevalcore and 
at Montegiorgio in Italy, at Zutphen, 
the Netherlands, and again on Crete. 
In 1961 the sample on Corfu, Greece, 
was examined. In 1962 another study 
was added at the village of Velika 
Krsna, 50 km. south of Belgrade, Yugo­
slavia, and the sample of railroad em­
ployees was examined in the same sum­
mer. The program in Japan, not strictly 
comparable in all details, began in 
1958, at the farming village of Tanushi-
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maru and in 1960 at the fishing village 
of Ushibuka. The present publication 
reports initial examination findings in 
all these areas. 

Members of the Central Organiza­
tion (Prof. Keys and Dr. Blackburn) 
work closely with teams in each of the 
countries. During the period of the 
initial examinations in each area the 
Central Organization provided help to 
the local organizations in the form of 
supplies, equipment, and professional 
personnel. 

Financial support is indicated on the 
front page of the report. Many per­
sons and organizations aided the work 
and, so far as space permits, these are 
indicated in the appropriate separate 
sections below. 

12. Establishment of Rosters 

The starting point in any program 
that aims to cover properly defined 
samples is to establish a true roster of 
all persons of the designated age and 
sex in the area under study. The pro­
cedure developed at Nicotera and on 
Crete in 1957 was later applied to the 
other areas in Europe and so may be 
described here. 

In the areas of work in Europe and 
Japan, official lists of residents, with 
birth dates, are locally available. How­
ever, such lists require careful scrutiny. 
Men who migrate away from the area 
are often long retained on the list of 
residents while newcomers, particu­
larly from the same general region, may 
not be listed for years. And, inevitably, 
there are clerical errors in names and 
dates and delays in correcting for 
deaths. Parish church registers, electoral 
and taxation lists provide additional 
data but detailed local enquiry among 
responsible residents is essential. As 
examples, Table A3 summarizes the 
roster development and eventual exam­

ination coverage in the studies in 1957 
at Nicotera and on Crete. 

At Nicotera it was found that many 
"residents" had long since moved to 
other parts of Italy or had emigrated 
abroad, 2 men had simply not been 
seen or heard from for many years, and 
9 men recently dead were still listed as 
residents. In contrast to the reduction 
of 81 men by net corrections at Nico­
tera, in the villages of Crete the rolls 
failed to list many men who years 
previously had moved to these villages 
from nearby, so there was a net cor­
rection of +31 men. 

In such rural areas it is possible to 
obtain remarkable cooperation with 
very few refusals of examination. At 
Nicotera and on Crete in 1957 such 
refusals amounted, respectively, to only 
2.1 and 1.7 per cent of the men. 

This method of establishing rosters 
was applied to all samples except the 
railroad employees. Wage rolls and 
employment records were used to devel­
op the lists of men aged 40 through 59 
in the selected occupations in the rail­
road samples. 

Ages indicated in the rosters were 
checked against birth dates as per­
sonally stated and on identity papers; 
in cases of possible doubt these were 
further checked against birth registries 
in churches and elsewhere. The men 
studied were 40 through 59 years old 
(attained age) at the time of examin­
ation, except in the Nicotera sample 
in which the age range was 45—65. 

13. Sample Coverage 

Twelve of the samples concerned the 
total population of men of specified 
ages resident in the defined rural geo­
graphical areas. By "resident" was 
meant men who regularly resided in the 
area, even though they might be tem­
porarily absent at the time of the exam­
inations. A few men were excluded 
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TABLE A3 

NICOTERA 

703 

- 8 1 
0 

CRETE 

6 3 1 

- 2 2 
+53 

622 

Development of sample r o s t e r s and eventual coverage in examinations of men aged 45-6 5 
in 1957 in Nicotera , I taly, and in 12 vi l lages near Herakl ion, Cre te , G reece . 

ITEM 

Initial "official" r es ident ro l ls 

Cor rec t ions 
Emigra t ed or long set t led e l sewhere 
Additions f rom incomplete r eg i s t r y , e tc . 

T rue r o s t e r , e l igible sample 

Not examined 
Pu lmonary t. b . , in hospi ta l 
Disabling i l lness , verified not c a rd iovascu la r 
Not in a r e a , reputed "heal thy" 
Refused, apparent ly heal thy 
Refused, possible h ea r t d i s ease 

Total not examined 

Total examined 

Sum 

0 
12 

1 

24 

598 

622 

662 

2 
1 
3 

11 
0 

17 

645 

662 
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who, coming from more than a few kilo­
meters away, had moved into the 
sample areas only in recent years. A 
few other "newcomers", originally from 
nearby villages of the same type, were 
accepted into the samples. 

In one area (Zutphen, the Nether­
lands) the total population of men aged 
40—59 was too large to be covered by 
the resources of the team. For that 
area, after establishing the roster, 
5/9fihs of the names were drawn at 
random by an independent statistician 
and the resulting 1088 men constituted 
the eligible roster. 

Accordingly, there were 13 "chunk" 
samples of all men of specified age 
in the defined areas. Among the total 
of 9564 eligible men, 9170 were examin­
ed in full, the coverage being 95.9 per 
cent. Details are given in Table A4. 

Five samples of railroad employees 
were studied as shown in Table A4. 
In addition, some railroad employees 
in other occupations, as well as volun­
teers, were studied; data on these men 
are not included in the present report 
which concerns 2908 railroad employees 
who represented about 70 per cent of 
the eligible men. For all 18 samples, 
the data on the 12,078 men reported 
here cover 87.9 per cent of all men 
eligible. 

It is notable that the coverage was 
nearly perfect in the rural areas, less 
satisfactory in the small town of 
Zutphen, and considerably poorer 
among the railroad employees. The 
latter result in the U.S.A. was not 
attributable to lack of opportunity for 
the men to be examined or of effort in 
recruitment, as will be seen in the 
separate section below dealing with the 
U.S. railroad employees. 

Most of the men missed in all of the 
samples represented refusals on emo­
tional grounds — dislike of doctors or 
examination procedures — especially 
venipuncture, apprehension that some 
"catch" was involved, or general per­

versity. In the "chunk" samples many 
of the men missed were temporarily 
absent from the area at the time of 
examinations; some of these men were 
examined later but their data are not 
included in the present analysis. Very 
few men failed to be examined because 
of illness. Among the U.S. railroad 
employees information from other 
sources indicated that few of the refus­
als were related to the state of health, 
though in some cases fear of possible 
discovery of illness that might affect 
employment was a factor — in spite of 
repeated assurances that all findings 
were completely confidential. 

14. Examination Procedure 

The methods used in the examina­
tions are described in detail in Section 
B, METHODS , below, which also 
gives data on reproducibility. 

Great efforts were made to assure 
comparability of methods and proce­
dure in the several areas. Except at 
Zutphen and in the two areas in Japan, 
the locally responsible team was aided 
in the field by professional experts 
from the teams in other countries. 
Electrocardiograms were independently 
classified by two or more electrocardio-
graphers, at least one of whom was 
from another country. 

The general procedure for the exam­
inations in the field, developed at 
Nicotera and Crete in 1957, was 
applied thereafter in the programs else­
where. After the roster was established, 
a schedule of examinations was adopted 
and headquarters were organized, both 
for the examination and for housing the 
team of investigators and assistants. 
For the U.S. railroad men, specially 
fitted railroad cars were used for the 
examinations. For the Roman railroad 
men, examination rooms were provided 
at the central railroad station (Stazione 
Termini) in Rome. For the other areas, 
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TABLE A4 

Examina t i on c o v e r a g e . " R o s t e r " 
"No . E x a m i n e d " does not i nc lude 

AREA OR GROUP 

N i c o t e r a , Italy-

Swi t chmen , U . S . A . 

S eden t a r y C l e r k s , U .S , 

Non -Seden t a r y C l e r k s , 

E x e c u t i v e s , U . S . A . 

T a n u s h i m a r u , J a p a n 

Da lma t i a , Yugos lav ia 

S l avon ia , Yugos lav ia 

E a s t F i n l and 

Wes t F in l and 

C r e v a l c o r e , I t a ly 

Mon t eg io rg io , I ta ly 

Zutphen , N e t h e r l a nd s 

Ush ibuka , J apan 

C r e t e , G r e e c e 

Corfu , G r e e c e 

. A . 

U . S . A . 

Ra i lwaymen , R o m e , I t a ly 

Ve l ika K r s n a , Yugosla-

To t a l , Al l g: 

ràa 

roups 

g ives the t r u e to ta l n u m b e r of a l l e l ig ib le 
a few m e n examine 

DATE 

F a l l , 

1957-

1957-

1957-

1957-

Sp r i ng , 

F a l l , 

F a l l , 

F a l l , 

F a l l , 

S p r i ng , 

S p r i ng , 

S u m m e r , 

S u m m e r , 

F a l l , 

F a l l , 

S u m m e r , 

F a l l , 

1957 

-1959 

-1959 

•1959 

-1959 

1958 

1958 

1958 

1959 

1959 

1960 

I960 

1960 

I960 

I960 

1961 

1962 

1962 

:d a t a l a t e r 

ROSTER 
No . Men 

626 

1414 

1163 

233 

363 

509 

742 

815 

823 

887 

1012 

727 

1088 

506 

703 

555 

(1000)* 

571 

13737 

d a t e . 
m e n . 

EXAMINED 
No . Men 

607 

835 

861 

155 

251 

509 

727 

749 

817 

860 

994 

719 

917 

504 

686 

529 

806 

552 

12078 

% 

97 .0 

5 9 . 1 

7 4 . 0 

6 6 . 5 

6 9 . 1 

100 .0 

9 8 . 0 

9 1 . 9 

9 9 . 3 

9 7 . 0 

9 8 . 5 

9 9 . 0 

8 4 . 3 

99 .6 

97 . 6 

9 5 . 3 

(80 .6) 

9 6 . 7 

8 7 . 9 

*A t o t a l of 1241 m e n w e r e e l ig ib le f r om t he r o s t e r bu t , b e c a u s e of known conf l ic ts 
in s c h edu l e , only about 1000 w e r e a c t ua l l y i nv i ted 
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examination sites were located in 
schools, farm houses, etc. 

In each area local assistants made 
appointments with the subjects and then 
reminded or escorted them on the 
appointed day so as to assure attend­
ance at the examination centers. 
Transportation was provided when 
needed. Efforts were made to prevent 
the men from indulging in heavy exer­
cise or a heavy meal beforehand. While 
waiting, smoking was not allowed. 
When called in, the procedure was as 
follows: 

a. Registration — assignment of 
serial number, record name, address, 
father's name, age and birth date 
(giving a check on age), marital status 
and other family data, present and 
past occupation, habitual physical 
activity, smoking habit. 

b. Anthropometry -— disrobe, record 
height (without shoes), weight (in 
underclothes), sitting height, bi-acro-
mial and bi-cristal diameters, arm and 
scapula skinfold thicknesses. 

c. Medical — medical history, phy­
sical examination, record supine blood 
pressure twice, take venous blood 
sample. 

d. ECG — record 12-lead ECG in 
rest and again immediately after a 
3-minute exercise test (step test). 

e. Urine — urine sample qualitative­
ly tested for sugar and albumin. 

f. Respiration — record vital capa­
city and timed forced expiration. (This 
procedure was introduced with U.S. 
railroad workers in 1958 and in Finland 
in 1959. It was not used at Zutphen 
or in Japan.) 

g. Dismissal — after brief remarks 
by physician. 

15. Forms and Codes 

Comparability of data, convenience 
in recording and subsequent statistical 
analysis are greatly aided, or even re­

quire, suitable standard forms and 
codes. Such forms and codes, deve­
loped for common use in these collabo­
rative studies, cover medical history, 
the physical examination, parental 
mortality, family status, smoking hab­
its, anthropometry, etc., but for the 
present purpose it is not necessary to 
refer to all of these. 

The OCCUPATION CODE is 
given in the Appendix. This code is 
intended to identify the general char­
acter of the occupation and to suggest 
the probable socio-economic status of 
the man as indicated by occupation. 
It is not intended to indentify all spec­
ific occupations but it distinguishes 98 
categories (thereby requiring only two 
columns of a punch card) into which 
most men are readily classified; the 
remaining men can be fitted in without 
serious distortion for the purpose of this 
code. For some purposes it is useful 
to compare the professional and man­
agement occupations with craftsmen or 
clerical workers, without regard to the 
particular professions or crafts or cler­
ical jobs concerned. The Occupation 
Code allows this to be done readily. 

The ELECTROCARDIOGRAPH­
IC CODE is given in detail in the 
Appendix. The "Minnesota Code" 
(Blackburn etat, 1960), is intended to 
give an objective picture of the electro­
cardiogram without insisting on any 
particular interpretation, though the 
items classified are those commonly 
accepted as being important for inter­
pretation. The revision of the original 
published S-T depression coding should 
be noted in the version of the Appen­
dix. 

The SMOKING CODE, given in 
the Appendix, classifies men into more 
categories than are necessary or useful 
for the present purpose. As will be 
seen in Section F, SMOKING, below, 
various categories were combined in a 
simpler classification in the actual anal­
ysis of the data. 
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16. Physical Activity 

Physical activity is a variable in the 
mode of life that may well be an im­
portant factor in susceptibility to coro­
nary heart disease. Accordingly, the 
attempt was made to classify every 
man into one of three categories in 
regard to general level of habitual 
activity: 1) sedentary, 2) moderately 
active, 3) heavy physical activity. 

This is a coarse gradation but further 
refinement was considered to be unjus­
tifiable without the use of much more 
elaborate means of ascertainment than 
available from a few questions and 
answers. At the extremes of this 3-class 
scale might be 0) bed ridden, and 4) 
extremely heavy activity but the few 
bed ridden invalids are otherwise identi­
fiable and the line between 3) and 4) 
would be difficult to draw. 

It should be noted that the physical 
activity classification is not necessarily 
dependent on the occupational category, 
though in many cases there is a close 
connection, especially in this age range 
and in rural populations where volun­
tary physical activity for recreation sel­
dom amounts to much in comparison 
with the occupational activity. 

17. Practicalities of Field Work 

Each area has its peculiarities that 
affect practical details of organizing 
and operating cardiovascular surveys 
and related field work but the following 
notes are generally applicable to the 
studies reported here. 

It is difficult to engage first-class 
professional personnel to stay in the 
field, away from their home headquar­
ters, for more than a few weeks at a 
time, so the schedules for field work 
were planned accordingly. Selection of 
the period for field work in a given area 

required consideration of the seasonal 
activity of the subjects as well as that 
of the proposed staff and in general this 
means concentration of the examin­
ations in a period of not over one month. 
Before the field work proper begins, the 
final roster of subjects must be estab­
lished, local headquarters arranged, 
suitable local assistants engaged, and 
provision made for local transportation 
of both subjects and staff. 

In general it was found to be effi­
cient to organize schedule and staff so 
as to "process" from 150 to 200 men 
per 6-day week; this required making 
effective arrangements to have the sub­
jects available on schedule. It proved 
to be suitable to concentrate the ex­
aminations in the mornings (say 8 to 13 
o'clock), leaving the afternoons for 
"book work", ECG classification, work­
ing up blood samples, etc., plus hand­
ling a few stragglers that cannot be 
examined in the mornings. The clini­
cians' schedule had to allow for the fact 
that in many areas it is impossible to 
avoid some demands for medical advice, 
particularly for local women and chil­
dren. 

Such a program for cardiovascular 
field surveys requires a staff as follows 
(asterisks denote personnel who need 
not be natives of the country): Director 
of Field Operation (one other senior 
professional person should be desig­
nated as his deputy); two internists to 
take histories and make physical ex­
aminations; one electrocardiographer*; 
one physician or physiologist to con­
duct respiratory tests; one biochemist or 
chemical technologist*; one anthropo-
metrist*; one registrar (may be local); 
one or more clinical consultants*; two 
assistants for ECG recording (one may 
be local); and about four helpers (a 
recorder, a "man catcher" to bring in 
subjects and run errands, a driver, and 
a dishwasher and general helper). 

Every effort should be made to assure 
that the relationship with the subjects 
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is developed from the start on a warm 
and personally sympathetic basis. The 
subject may seem to be only a serial 
number on the roster and appointment 
schedule but he must never be treated 
that way. Ideally, a brief note about the 
findings on each man is provided to 
the local physician or public health 
nurse, not to the subject himself. When 
it is not feasible, each subject should be 
given a few words of reassurance at the 
end of the examination. When medi­
cal care is really needed, efforts must 
be made to provide this through local 
sources. 

The experience of the teams in the 
field in Europe and Japan quickly made 
convinced internationalists of most staff 
members. Political arguments were 
avoided and concentration was on the 
professional and purely individual hu­
man aspects of the work and life toge­
ther; the result was the development of 
true friendships among staff workers of 
all nationalities and the most cordial 
cooperation of the subjects, their fami­
lies and the local official. Though the 
subjects frequently had little compre­
hension of what the work was all about, 
the good will on both sides was readily 
apparent; it was often a problem to 
escape too much local hospitality in the 
villages. 

Headquarters and laboratories for the 
work on the Roman railroad employees 

were established at the main railroad 
station of Rome. The studies on U.S. 
railroad employees posed special practi­
cal problems. Headquarters consisted 
of two specially fitted railway cars with 
all necessary apparatus installed in 
them. After suitable advance prepara­
tion, including meetings with the unions 
in each town, these cars were hauled 
into the railroad yards or stations of 
each of the several locations where men 
were to be examined. In spite of letter, 
'phone and personal solicitation, many 
men on the roster did not appear for 
examination when the team visited the 
locations and a second round of travel 
to these locations was necessary to re­
duce the number of "no shows". 

All of these efforts still resulted in 
less complete coverage of the rosters of 
railway employees than obtained in the 
villages abroad, though the percentage 
response was similar to that obtained in 
other surveys in the U.S. (cf. Dawber 
e r a / . , 1957). The discrepancy between 
responses in the U.S. and abroad re­
flects basic differences in attitudes of 
the populations and not in the effort or 
attitudes of the investigators. In gen­
eral, the response of the populations 
to the appeal to participate in such 
surveys tends to be inversely propor­
tional to the size of the community; the 
response is better in villages than in 
towns, and better in towns than in cities. 



B. METHODS 

1. Anthropometry 

The standard examination battery 
included anthropometric items to be 
used as indices of gross body size 
(height and weight), of skeletal form 
or configuration, of relative body 
weight, and of body fatness. The 
recommendations of the Committee on 
Nutritional Anthropometry (1956), 
Food and Nutrition Board of the Na­
tional Research Council were followed 
for the items of measurement to which 
they apply. 

Height. Standing height (stature) 
was measured as the distance from the 
soles of the feet to the top of the head, 
without shoes. The subjects stood 
erect and both the heels and the 
scapulae were in contact with the wall 
to which a steel tape, graduated in 
mm., was affixed. The head was held so 
as to make the line of sight horizontal. 
A wooden or metal L^bar, held against 
the tape, was lowered until it made 
firm contact with the top of the head. 
Stature was measured to the nearest 
millimeter. 

Body Weight was measured with 
the men wearing light underwear. 
When anything but light socks and light 
underwear were worn, a correction 
was made before recording the weight. 
Such a correction was required only 
rarely, principally in areas in which 
the examinations were made in the cool 

weather of late fall. The measurements 
were made to the nearest 0.5 kilogram. 

Skinfolds, indicating subcutaneous 
fatness and, by inference, relative 
obesity or leanness, measured with 
calipers exerting a constant pressure of 
10 g. per square mm. and a jaw face 
of 20 square mm., were recorded at 
two sites, on the upper arm and below 
the scapula. The upper arm site is 
located at the dorsum of the right arm, 
at the level midway between the tip of 
the acromial process and the tip of the 
elbow. The skinfold is parallel to the 
long axis of the arm. The "skin" is lifted 
and the fold is held firmly between the 
index finger and the thumb of the 
examiner's left hand, placed about 1 
cm. above the level at which the 
measurement is to be made. If arm 
circumference is measured, at the same 
level, it is advantageous to mark the 
level with a dermatographic pencil. The 
scapular skinfold is measured just 
below the tip of the right scapula. The 
skinfold is lifted along the line of 
least resistance, typically forming an 
angle of about 45° with the spine, the 
line going downward. For most of the 
analyses in the present work the sum 
of these two skinfolds, in mm., was 
used as an index of fatness or relative 
obesity. 

Several makes of calipers were used 
but no significant differences in the 
results were observed when different 
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calipers were used for repeated measure­
ments on the same men. Table Bl 
summarizes a comparison of the "Lange" 
(Cambridge Scientific Industries, Inc., 
Cambridge, Maryland) and "John 
Bull" (Harpenden, British Indicators, 
Ltd Sutton Road, St. Albans, Herts, 
England, and H. E. Morse C. 455 
Douglas Ave. Holland, Michigan) 
calipers which have become the 
standard instruments in our skinfold 
measurements. With these particular 
samples of calipers, the Lange tended 
to give a slightly smaller reading than 
the John Bull caliper but the mean 
difference of 0.233 mm. for the 10-
second reading is entirely trivial. Even 
when the reading is delayed until the 
skinfold has been under pressure of the 
caliper spring for 60 seconds, the 
discrepancy between the two calipers, 
though larger (mean A = 0.407 mm.) 
is negligible. 

The skinfold deforms under the 
pressure of the caliper so that the 
reading becomes smaller as the time 
extends from a quick reading at 5—10 
seconds to a slow reading at 60 seconds. 
Table B2 shows this effect and the 
fact that the deformation increases with 
increasing thickness of the skinfold. 
This produces no significant error 
except in very fat or edematous persons, 
but the effort is made to avoid the 
effect by reading rapidly. 

The Sitting Height was measured to 
the nearest mm. with the subjects 
seated, in erect position, on a firm stool 
with a horizontal surface. The subject's 
back was in contact with the wall at the 
regions of both scapula and buttocks. 
The line of sight was horizontal and 
the manipulation involved in determin­
ing level of the top of the head was 
identical with that used in measuring 
standing height. 

The Bi-acromial Diameter, a measure 
of the width of the shoulder girdle, was 
obtained as the distance between the 
most lateral margins of the acromial 

process of the scapulae as measured 
with a pelvimeter to the nearest mm. 
Definite effort was made to have the 
subject relax the shoulders, since the 
position of the shoulders affects 
importantly the apparent value of the 
bi-acromial diameter. The aim is to 
obtain the maximal value of the bony 
diameter. 

The Bi-cristal Diameter, a measure 
of the width of the pelvic girdle, is 
defined as the greatest distance between 
the lateral margins of the iliac crests. 
Systematic endeavor was made to avoid 
or at least to minimize the contamination 
of the bony measurement by the 
overlying soft tissues. This was 
achieved by exercising pressure, when 
necessary, on the contact surfaces of 
the pelvimeter, the measurement, again, 
being made to the nearest mm. 

Anthropometry — Derived Indices. 
Indices of body type and configuration 
or shape may be derived from such 
items of measurement as indicated 
above and are commonly expressed in 
relative terms in view of the lack of 
agreed absolute measures. In spite of 
the obvious need for such indices, 
there is little or no agreement even 
about relative measures. Those chosen 
for the present studies have the 
advantages of being simple, objective, 
numerical expressions of what seem to 
be reasonably acceptable concepts of 
typology, though their interpretation 
may provoke more argument than 
agreement. 

Relative Body Weight has been 
expressed in so many ways that it is 
clear no one way is ideal or even 
theoretically of outstanding merit. A 
main purpose of attempting to provide 
a measure of relative body weight is to 
enable individuals to be compared with 
the population as a whole, having due 
regard to age and sex. The most 
common application of such comparison 
is to estimate relative overweight, this 
being assumed to be a measure of 
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TABLE BI 

Compar i son of Lange and "John Bul l" (Harpenden) skinfold ca l ipe r s in dupl i­
cate m e a s u r e m e n t s on f a rme r s aged 40 -59 . Lange values minus John Bull 
values in m m . Lange c a l i pe r s used f i r s t with 25 men , second with another 
25 men . 

ITEM 

Mean A 
S . E . M . 

Mean A 
S . E . M . 

READINGS AT 5-10 SECONDS 
Lange F i r s t , John Bull Next 

T r i c eps Scapula 

-0 .236 
0 .259 

-0 .188 
0.249 

John Bull F i r s t , Lange Next 
T r i c eps Scapula 

- 0 . 404 
0 .371 

-0 .104 
0 .277 

READINGS AFTER 60 SECONDS 
Lange F i r s t , John Bull Next 

T r i c eps Scapula 

-0.408 
0.349 

-0 .368 
0 .348 

John Bull F i r s t , Lange Next 
T r i c eps Scapula 

- 0 .576 -0 .276 
0 .474 0.350 

( S . E . M . ) = (SA ) /2N, where N is number of p a i r s of ob se rva t i ons . 

TABLE B2 

Change in skinfold mea su r emen t under a p r e s s u r e of 10 gm. pe r s qua re m m . 
Measu r emen t s on 50 f a r m e r s aged 40-59 . N = number of p a i r s of m e a s u r e ­
men t s after 5-10 seconds and after 60 seconds of c ompar i son . 

LOCATION 

Tr iceps 
o 

n 
H 

Scapula. 
H 

n 

Range, m m . , 
af ter 5-10 s e e s . 

Under 4 . 1 
4 . 1 to 6 .0 
6 . 1 to 8.0 
8. 1 or More 

Under 6. 1 
6. 1 to 8.0 
8. 1 or More 

N 

24 
45 
25 

6 

22 
46 
32 

A after 
Mean 

- 0 . 3 8 
- 0 . 49 
- 0 . 58 
- 0 . 90 

-0 .46 
- 0 . 5 3 
- 0 . 67 

60 s econds , 
S .D . 

0. 145 
0.216 
0.216 
0. 110 

0. 144 
0: 157 
0 .315 

m m . 
S . E . 

0 .030 
0 .032 
0 .043 
0 .045 

0 .031 
0 .023 
0.056 
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obesity or body fatness. The assumption 
can lead to serious errors. Extreme 
overweight is certainly associated with 
excess fat but at lesser degrees of 
departure from the population average 
the correlation is far from perfect; it is 
possible to be overfat and not 
overweight or the reverse (cf. Keys, 
1955a. 1955b). Sedentary men are less 
muscular than men who habitually do 
manual labor, with the result that their 
body weight is less than might be 
expected to correspond to their degree 
of body fatness. 

Besides this complication of body 
composition in the interpretation of 
relative weight, there is an equally se­
rious effect of differences in skeletal 
type. The man with short legs and wide 
pectoral and pelvic girdles must 
necessarily be relatively heavy for his 
height. So relative body weight is a 
complicated index which often has no 
simple interpretation. 

Insurance company studies on the 
mortality of their policy holders have 
long stressed relationships between rel­
ative body weight and morbidity and 
mortality, especially from heart disease 
(Society of Actuaries, 1959), so it 
seemed important to consider this vari­
able in the present study. Moreover, this 
consideration also suggested the desir­
ability of using the same method of 
estimating relative weight as used in 
the insurance studies. 

Accordingly, in the present studies 
relative body weight was calculated as 
percentage of the average weight of 
men of given height and age as reported 
in the Medico-Actuarial Investigations 
(1912). These averages have no uni­
versal significance in the bio-medical 
sense, being simply the averages for 
American men, mostly in urban centers 
on the eastern seaboard of the United 
States, who applied for life insurance 
in the general period of about 1890 to 
just after the turn of the century. 
Their virtue is that they provide a 

single set of standards that have had 
wide distribution and application. The 
basic data used in the calculation of 
relative body weight are given in the 
Appendix. 

Relative Height of Trunk Plus Head 
is useful in classifying individuals in 
regard to one aspect of skeletal form, 
the length of trunk. The index is 
simply the standing height minus the 
sitting height (i.e. trunk plus head 
height), expressed as a percentage of 
the standing height. 

The Laterality — Linearity Index is 
the ratio of the sum of the bi-acromial 
and bi-cristal diameters to the height or 
total body length. This is a simple 
measure of the general shape of the 
body; the larger the index, the greater 
the relative breadth or laterality of the 
skeleton. 

The Ratio of Shoulder to Pelvis 
Width, or more precisely the ratio of 
the bi-acromial to the bi-cristal diameter 
is a basic item of the skeletal form 
which is related to the masculinity •—• 
femininity scale. The greater this ratio, 
the more "masculine" is the skeleton. 

2. Blood Pressure 

Instruments used for indirect arterial 
blood pressure measurement were all 
upright mercury columns with wrap­
around arm cuffs, bladder size 12x23 
cm. Personal stethoscopes were em­
ployed. Formal training and testing of 
observers was limited to explanation 
of the principles involved in stan­
dard measurement, demonstration of 
technique, and supervision. Condi­
tions of measurement and proce­
dure included comfortable room tem­
perature which caused no shivering 
or sweating in subjects unclothed to the 
waist. Smoking, eating, and vigorous 
activity were avoided for a minimum 
of 30 minutes and usually over an 
hour, and venipuncture usually preced-
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ed the pressure measurement by 30 
minutes. The standard instructions 
were as follows, 

"After at least 5 minutes' rest supine 
at the end of the examination two 
successive readings are made in the 
right arm allowing the mercury to 
return to zero between readings. 
Read to the nearest 2 mm. mark and 
record the fourth and fifth phase 
diastolic." 
Means of the replicate readings in 

each subject were used in analysis and 
the diastolic pressures reported here 
are fifth phase, i.e., at the point of 
disappearance of the sound. 

It was not feasible to arrange for the 
same physicians to read blood pressures 
in the different countries. This would 
not, in fact, have been desirable be­
cause of language limitations and the 
inevitable reactions of the subjects to 
examination by a foreign doctor. How­
ever, within countries the same physi­
cians were generally involved in the 
examinations in the different areas, 
Dalmatia and Slavonia in Yugoslavia, 
Crete and Corfu in Greece, etc. 

In general, two physicians worked 
simultaneously in the physical examina­
tions, taking alternate subjects, so that 
each reported on a supposedly random 
sample of men in the area. In some 
cases three or more physicians rotated 
in the parallel examination lines. It is 
instructive to compare the observers in 
terms of the distributions of blood 
pressures they reported. Figures B l— 
B12 summarize such comparisons by 
giving the cutting points for the 20th, 
50th and 80th centiles for both systolic 
and diastolic blood pressure in the 
subjects grouped by age. The observers 
are identified by letters at the 80th 
centile points on the charts; N=number 
of subjects. 

In some areas discrepancies between 
observers were small but significant. 
For example, at Crevalcore Observer A 
consistently reported higher diastolic 

pressure at the 80th centile than did 
Observer B, while Observer C tended 
to be intermediate. On the average, at 
the 80th centile for diastole, A's reading 
is 5.5 mm. higher than B's. At 
Crevalcore the systolic pressure distri­
butions showed no clear trend to differ 
among observers. 

At Velika Krsna, compared with 
Observer B, Observer A tended to 
read higher values at the lower end of 
the distribution but lower values at the 
upper end, particularly in diastole. 

Great discrepancies among observers 
were noted in Greece, Finland, Dal­
matia, and Slavonia. In Wes t Finland, 
discrepancies in the distributions were 
small for diastolic pressure but very 
large for systolic pressure; at the 80th 
centile, in systole, the average for 
Observer B was 14.5 mm. higher than 
that of Observer A. In Corfu, Observer 
A's readings were substantially higher 
than those of Observer B at all ages 
in both systole and diastole. Similar 
consistent differences are apparent in 
the data from Dalmatia and in Slavonia. 
In Slavonia the 80th decile for diastolic 
blood pressure in B's distribution 
averaged 10.3 mm. higher than in A's 
distribution. 

Such differences among observers as 
noted here have a large effect on the 
reported prevalence of hypertension. 
For example, if a diastolic pressure of 
90 mm. or more is taken as the criterion, 
it is noted that at Corfu, Observer A's 
men aged 50—59 (N=127) have a 
prevalence of 34 per cent hypertension 
while for B's 166 men the prevalence 
is only 13 per cent; the difference has 
very high statistical significance (chi-
square = 16.46). There is no way of 
knowing which observer is more nearly 
correct. Conceivably, one observer's 
bias could account for the whole 
discrepancy; it is equally possible that 
both observers were biassed but in 
opposite directions. Since A and B 
examined roughly equal numbers of 
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men, the reported combined prevalence 
of about 23 per cent hypertension by 
this criterion could be anywhere from 
68 to 177 per cent of the true prev­
alence. 

This analysis of discrepancies be­
tween observers indicates the need for 
great caution in comparing countries in 
regard to blood pressure distribution 
or the prevalence of hypertension. 
Comparisons between areas where the 
same physicians measured the blood 
pressure is much safer, of course. And 
discrepancies between observers within 
a single area should not seriously distort 
relationships, within that area, between 
blood pressure and other variables. In 
effect, the result of observer differences 
would be that of introducing a large 
but presumably randomly distributed 
error. 

Practically all published records of 
individual blood pressure show digit 
preference, with the terminal digit zero 
being much the most frequent and five 
being the next in popularity. The 
records from the present series all 
show a strong preference for terminal 
zero. Figure B13 summarizes the 
frequency of reporting the terminal 
digits in the systolic blood pressure 
readings. Such digit preferences limit 
the possibilities of detailed analysis of 
blood pressure distributions but should 
not seriously distort relationships 
between blood pressure and other 
variables. Further, mere avoidance of 
digit preference is no guarantee of ac­
curacy in the reading. 

3. Serum Cholesterol 

Blood samples were drawn, with a 
minimum of stasis, from a vein in the 
antecubital fossa of the arm; the 
subjects were not required to be in the 
basal, fasting state. After being allowed 
to clot for at least 30 minutes, the 
bloods were centrifuged and the serum 

was taken off. Wi th exceptions noted 
below, 0.1 ml. portions were measured 
onto filter paper (Whatman no. 1 or 
equivalent), the filter papers were 
hung up in room air until dry (1 to 3 
hours) before being packed in envelopes 
and sent by letter mail to the central 
laboratories in Minnesota or in Naples 
for analysis by the method of Abell et 
al. ( 1952) as modified by us (Anderson 
and Keys, 1956). 

This method includes hydrolysis of 
the cholesterol esters with alcoholic 
KOH. After hydrolysis, total cholester­
ol is extracted from the alcoholic 
solution by shaking with petroleum 
ether. The solvent is evaporated from 
the petroleum ether solution by a stream 
of warm air, fresh Liebermann-Burchard 
reagent is added, and the color is 
developed and read under specified 
conditions of time and temperature. 
Blanks and reference serum standards 
are processed in the same way and are 
included in each batch of analyses. If 
pure cholesterol or reference serum 
standards are not carried through with 
filter paper, the calculated results from 
unknowns are about 4 per cent too low. 

This method applied to either fresh 
serum or to serum dried on filter paper 
gives results that tend to be 1 to 2 
per cent higher than those obtained 
with the most careful estimation using 
digitonin precipitation. This slight dis­
crepancy is attributed to tiny losses of 
the digitonin precipitate in transfer. 

The results are about 15 per cent 
lower than those obtained with the 
old Bloor and similar methods that do 
not involve hydrolysis of the choles­
terol esters and use pure cholesterol 
standards. The reason for this discre­
pancy is the fact that the Liebermann-
Burchard reagent gives a more intense 
color with cholesterol esters than with 
free cholesterol. The ratio of ester to 
free cholesterol is remarkably constant 
in blood serum except in some serious 
disorders that are generally readily 



42 

0123456789 0123456789 0123456789 

TERMINAL DIGIT 

Figure BI 3 



43 

recognized and Bloor analysis results, 
on fresh serum, can be corrected to 
true total cholesterol concentration from 
the following considerations. 

In a series of 134 serum samples 
analyzed in duplicate with the Bloor 
method and with the present method, 
least-squares analysis gave the result: 

Y=0.827X+2.58, 
where Y is cholesterol (mg. per 100 
ml.) by our method and X is the value 
by the Bloor method. The standard 
error of estimate for this equation was 
± 10.14. If it is insisted that the line 

must go through the zero-zero origin, 
the least-squares solution is: Y=0.836 
± 10.23. Hence Bloor values, obtained 
by analysis of fresh serum shortly after 
blood sampling, can be corrected by the 
multiplication factor 0.836. This may 
not be true with serum subjected to 
prolonged storage because auto-
hydrolysis reduces the proportion of 
ester cholesterol. 

Prolonged storage in air at room 
temperature of serum dried on filter 
paper results in alteration of some of 
the cholesterol molecules. This can be 
shown by column chromatography 
which separates the cholesterol and its 
derivatives into fractions differing in 
the intensity of color produced by the 
Liebermann-Burchard reagent. Fortu­
nately, the net color intensity is 
unchanged with the method used here, 
though great changes are noted when 
ferric ion intensification of the color is 
used. 

Exceptions to the practice of making 
all analyses on dried serum were the 
Zutphen series, in which analyses of 
fresh serum were made locally in 
addition to the analyses of the dried 
serum in Minnesota, and at Tanushim-
aru and Ushibuka where fresh serum, 
after saponification, was analysed by 
the method of color development with 
ferric ion intensification (cf. Zlatkis, 
er al, 1953; Henley, 1957). A few 
checks made on dried serum samples 

sent from Japan to Minnesota indicated 
only fair agreement so the cholesterol 
values reported here from the Japanese 
samples may not be perfectly compar­
able with the other series. 

The reliability of the cholesterol 
method as measured in Minnesota was 
tested over a period of three years 
during which blind analyses were made 
of serum samples supplied by the 
Communicable Disease Center, of the 
U.S. Public Health Service at Atlanta, 
Georgia. The standard errors of 
measurement were reported by the 
Atlanta center; in none of those series 
of tests did S.E.M. exceed + 5 
mg. cholesterol per 100 ml.; 
( S .E .M. )2= ( 3A 2 ) / 2N , where A is 
the difference between analyses of 
duplicates and N is the number of pairs. 

The comparability of the results from 
the Minnesota and Naples laboratories 
has been checked for many years by 
frequent exchange of duplicates, includ­
ing batches of lyophilized plasma or 
serum which serve as common reference 
materials. Table B3 summarizes results 
with two different batches, one 
sampled, reconstituted and analyzed in 
1963, 7 times in Minnesota and 25 
times in Naples, the other, in 1965, 11 
times in Minnesota and 27 times in 
Naples. 

Among methods for checking the 
comparability of cholesterol analyses 
on liquid plasma or serum and on the 
same material dried on filter paper and 
then subjected to analysis, one device 
is to sample periodically a batch of 
lyophilized plasma, reconstitute this and 
analyze one portion in the liquid state 
and analyze another portion after first 
drying it on filter paper. The lyoph­
ilized material is stored at room 
temperature between samplings. The 
results from such tests on 4 batches of 
material are given in Table B4. The 
data show essential identity of results 
from both dried and liquid material and 
also demonstrate the stability of 
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TABLE B3 

Cholesterol analyses in Minnesota and in Naples . Lyophilized reference s e rums 
reconsti tuted, and independently analyzed, in Minnesota and in Naples . N = num­
ber of samples analyzed. 

MATERIAL, 

196 3 Reference 
1965 Reference 

N 

7 
11 

MINNESOTA 
Mean 

152.4 
148.5 

TABLE 

S .E . 

0 .48 
0.55 

B4 

N 

25 
27 

NAPLES 
Mean S. 

153.0 0. 
147.9 1. 

E . 

33 
02 

Cholesterol values, mg, per 100 m l . , from analyses of four batches of lyophilized 
p lasma repeatedly reconsti tuted and analyzed in the liquid s tate and a lso after the 
liquid was dried on filter paper before ana lys i s . N = number of reconsti tuted s a m ­
ples independently analyzed. 

BATCH 

3.57 
10.58 
8.59 
7.60 

PERIOD 
COVERED 

12 Mos. 
2 Mos. 
2 Mos. 
6 Mos. 

N 

10 
10 
7 
8 

LIQUID 
Mean 

211.0 
173.6 
243.3 
208.4 

S .D. 

2 .04 
6.86 
5.55 
4. 36 

S .E . 

0 .65 
2. 17 
2 .09 
1.54 

N 

16 
10 
7 

20 

D 
Mean 

212.9 
175.0 
240.7 
204.7 

RIED 
S .D. 

5.42 
6.00 
7.07 
5.01 

S .E . 

1.36 
1.90 
2 .68 
1.07 
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cholesterol in the lyophilized material 
for as long as a year. 

Repeatability of the cholesterol val­
ues from the analysis of 0.1 ml. serum 
samples dried on filter paper is 
substantially as good as the repeatabi­
lity of values on liquid serum. The best 
test, of course, is to repeat the analysis 
on two different occasions recording 
the values "blind", i.e. without 
knowledge of the first result when the 
second analysis is made. Four series 
of such tests, covering 62 samples, are 
summarized in Table B5. 

In the first several years (1955, 
1956) of trial of the method of 
cholesterol analysis on 0.1 ml. serum 
spots dried on filter paper and 
transmitted by mail to a central 
laboratory for analysis, analyses were 
made on the fresh serum at the point 
of collection and the dried duplicates 
were later analyzed without knowledge 
of the results on the fresh serum. The 
results of two such tests are given in 
Table B6. Analysis of the dried 
samples from Naples was completed 
in 3 weeks after the blood was drawn 
and dried in the field. In the case of 
the 126 samples from Cape Town the 
storage period was 3 to 5 weeks for 
half of the samples but the other half 
were delayed (because of insufficient 
postage) and were analyzed 3 to 4 
months later. In all cases, however, the 
dried and fresh sample results agreed 
satisfactorily, the mean difference being 
1.6 mg. per 100 ml. in the Cape Town 
material and 0.2 in the Naples material. 
These trivial average differences re­
presented slightly higher values in the 
dried material than in the fresh serum. 
Results of special storage tests are in 
Table B7. 

Before the start of the surveys re­
ported here, exhaustive tests were made 
of the comparability of casual blood 
samples with blood samples drawn in 
the fasting state early in the morning. 
The* results of such tests are given in 

Table B8. No significant difference 
was found between fasting and non-
fasting samples in these tests. It is 
notable that even when breakfast 
included an extremely large dose of 
cholesterol added to a cholesterol-rich 
breakfast, the post-meal sample was 
only slightly higher in cholesterol (3.95 
mg. per L00 ml.) than the pre-breakfast 
sample. 

4. Electrocardiography 

The reasons have been detailed for 
the attempt to characterize these popu­
lations by electrocardiography (ECG) 
(Blackburn et al., I960) as have been 
the problems in standardized applica­
tion (Blackburn, 1965). The instruments 
and procedures employed in these 
studies in efforts to reduce the varia­
bility of the ECG are here outlined. 

Instruments. Multichannel, direct-
writing, research type instruments were 
used in all areas, as they were found 
to be sufficiently portable, rugged and 
stable in operation, with adequate 
response at the low and high ends of 
the frequency spectrum, and they 
considerably facilitated rapid recording 
of the resting and post-exercise tracing. 
Two-, three- and four-channel models 
of the Elema, Siemens, Schwarzer, 
Phillips and Sanborn machines were 
employed. Calibration and paper speed 
were controlled, and records made 
routinely at 25 mm./sec. speed. 

Procedure was standard in all areas 
and consisted of a supine resting 
record made of leads I, II, III, aVR, 
a VL, aVF, V 1,2.3.4.5-6 after at least 
30 minutes avoidance of eating, heavy 
activity or smoking. Room temperature 
was comfortable for men unclothed to 
the waist. The skin was prepared by 
cleaning with a fat solvent and vigorous 
rubbing followed by application of 
electrode jelly or paste. One to six per 
cent of the subjects in most areas were 
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TABLE B5 

Cholesterol analyses of 0. 1 m l . s e rum dried on filter paper . Duplicates 
independently analyzed on different occasions . Values in mg . per 100 m l . 

SOURCE 

Yugoslavia 
Greece 
Yugoslavia 
Netherlands 

N 

20 
22 
10 
10 

FIRST 
Mean 

130. 8 
145.0 
214. 1 
233.3 

S .E . 

3.57 
5. 58 

15. 56 
11.78 

TABLE B6 

SECOND 
Mean 

130.8 
145. 8 
211.4 
237.0 

S .E . 

3.67 
5.76 

14.65 
11.72 

S.E.& 

2. 59 
2. 18 
4 .93 
3.85 

Comparison of cholesterol values, mg. per 100 m l . , from analyses of f resh 
s e rum and of 0. 1 m l . aliquots dried on filter paper and analyzed in Minnesota 
3 to 6 weeks l a te r . N = number of s amples . 

^RESH SERUM 
analyzed at: 

Cape Town 
Naples 

N 

126 

112 

FRESH SERUM 
Mean S .E . 

196.1 6 .3 
175.2 3.7 

FRESH 
Mean 

-1 .6 
-0.2 

- DRIED 
S .E .M . 

7 . 0 
4 . 9 
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TABLE B7 

Stability of cholesterol in s e rum dried on filter paper and s tored in envelopes 
at room t empera tu re . "%" is the average value from the s tored spots as p e r ­
centage of the average value obtained in the original analyses on the fresh s e rum . 
N = number of s amples . 

STORAGE 
(Weeks) 

3 
4 
5 

N 

3 
3 
8 

% 

99 
96 

101 

STORAGE 
(Weeks) 

5 
16 
18 

N 

3 
3 
3 

% 

100 
99 
94 

TABLE B8 

Absence of significant effect of breakfast on s e rum cholesterol concentration in 
men. The "Before" sample was drawn in the a . m . fasting s tate; a heavy b reak­
fast was then eaten and 2 hours later the "After" sample was taken. All values 
in mg , cholesterol per 100 m l . s e rum. 

N 

66 
12 
21 
7 3* 

BEFORE 
Mean 

206.4 
207. 0 
2 56.4 
216.4 

AVERAGE A, 
Before-After 

- 2 .91 
0.00 

+4. 38 
-3 .95 

S .E . of 
A 

1. 39 
2.96 
2.03 
1. 37 

S .E . M 

8.75 
7.24 
7.59 
8.77 

^Breakfast for these 73 businessmen, aged 50-60, included 10,000 mg. of 
cholesterol added to a 2-egg omelet te . 
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excluded from a standard exercise test 
because of manifest heart disease. In 
the oldest age group among U.S. 
railroad men 20 per cent were excluded 
and among East Finland men 24 per 
cent for the same reason. The 
remainder performed a single step test 
(12" or 30 cm. in height), mounting 
and descending to a metronome count, 
20 ascents per minute, for 3 minutes. 
Immediately (30 sec. to 1 minute) after 
completion of the step test leads I, II, 
aVL, aVF, V 3 _ 6 inclusive were 
recorded in the supine position. In 
those with any suggestion of early 
change a 3- to 4-minute recovery record 
was made. The procedure varied only 
in the study on U.S. railroad employees 
in which the work load was a 3-minute 
treadmill walk at 3 m.p.h. and 5 per 
cent grade. 

Records were labelled with the name, 
subject number, study code and date, 
and each contained notes if and why 
the exercise test was incomplete, and a 
1 mV calibration signal. Records were 
mounted on stationery-sized cardboard, 
and if pressure sensitive were covered 
by cellophane. Ink-written records 
were folded into numbered envelopes. 

Classification. In the absence of a 
generally applicable means of precise 
measurement of the ECG a classifi­
cation system was developed to 
characterize more objectively the ECG 
items of diagnostic or prognostic 
interest (Blackburn er a/., 1960). This 
system provides clearly defined quan­
titative criteria for codifying major and 
minor variations in Q waves, axis, peak 
amplitudes, S-T and T findings, A-V 
and ventricular conduction defects and 
arrhythmias. 

Records in these first-round studies 
were scanned independently by 2 or 3 
medical readers experienced in use of 
the code, at the rate of 30 to 60 cases 
per hour and all codable items were 
tabulated for the record of each subject. 
All disagreements were arbitrated by 

the readers met together. Considerable 
information is available on the degree 
of observer variation encountered in 
coding by this system (Blackburn, et 
ai, 1960; Higgins, et a/., 1963; Kagan, 
1965; Blackburn, 1965). The experi­
ence within a laboratory is considerably 
better than between laboratories when 
no formal training in use of the code 
has been involved. Within a laboratory 
repeated trial comparisons yield figures 
on agreement (between two observers 
about the presence of a codable ECG 
finding) on the order of 70 per cent 
for detailed subclasses, 80 per cent 
for general classes, and 90 per cent 
for the results of the system of an 
adjudicated third reading. 

Explicit coding procedures and more 
recent experience in reading by clerks 
and paramedical personnel are available 
(Kagan, 1965; Rose and Blackburn, 
1966). 

5. Statistical Methods and Data 
Processing 

All measurement data were put on 
IBM or Remington-Rand punch cards 
for analysis with counter-sorter ma­
chines and electronic computers at the 
University of Minnesota. 

For statistical analysis the men in 
each area or occupation group were 
generally grouped by quinquennia of 
age (40—44, 45—49, 50—54, 55—59) 
and the complete distribution of each 
variable was obtained for each of these 
groups. For many purposes, the men 
in each of these age-area groups were 
classified into deciles with respect to 
each variable; the decile cutting points 
for the variables, plus those for the 5th 
and 95th centile, adequately describe 
the distributions. Ordinary means and 
standard deviations were also computed, 
though the non-normality of some of the 
distributions limits the utility of these 
statistics. 



49 

One of the variables that departs 
most from the normal distribution is the 
sum of the skinfolds; this has an 
unusually high degree of skewness to 
the right and has a lower limit of 3 to 
4 mm. No simple transformation of this 
variable could be found to produce 
entirely satisfactory normalization but 
a transformation was developed which 
produces distributions of the trans­
formed sums of skinfolds that are very 
close to normality (Kihlberg and Keys, 
to be published). For the purpose of 
estimating the significance of differ­
ences in the distributions of a given 
variable in two population groups, chi-
square tests or tables of the summed 
binomials, applied to the numbers of 
men segregated by a series of common 
cutting points, were frequently made 
in preference to t or F tests in order to 
avoid assumptions about the character 
of the distributions. Yates' correction 
was applied in all chi-square calcula­
tions. All chi-squares mentioned in the 
text and tables are values with one 
degree of freedom. Table B9 gives 
probabilities associated with selected 
chi-square values and will facilitate 
interpretation where probabilities are 
not specifically set forth. In general, 
the convention has been adopted of 
considering p values of 0.05 or smaller 
as "significant", i.e., reguiring rejection 
of the null hypothesis that the variables 
under consideration are unrelated 
(independent). 

Classification of the men by deciles 
of the distribution of all men of the 
same age in the same area has several 
advantages. For example, it is thus 
easy to combine age groups so as to 
identify the men in an area who are in 
the top 10 or 20 per cent of the distri­
bution of men all of equal age (within 
a range of 5 years) in respect to a given 
variable. This can provide adequate 
numbers for the examination of various 
questions about the relationships among 
variables, on an age-free basis. 

A frequent application of the decile 
classification was in regard to the 
search for relationships such as between 
"hypertension", suitably defined, and 
relative body weight or serum choles­
terol. A simple plot of the number of 
hypertensive men against decile class 
(number or percentage of hypertensive 
men on the ordinate in each decile class 
of the other variable on the abscissa), at 
once makes visible trends (which may 
be curvilinear or rectilinear), or the 
absence of a trend (indicated by a 
series of points approximating a random 
distribution about the horizontal line 
of the average number of hypertensive 
men per decile class). The significance 
of such trends is readily estimated by 
the chi-square test. 

Coefficients of correlations are not 
conspicuous among the statistics pre­
sented here. In many cases misleading 
answers, or erroneous conclusions, re­
sult from the computation of the or­
dinary product-moment coefficient. 
That calculation concerns only linear 
relationships and it involves assump­
tions about the character of the dis­
tributions. But many of the relation­
ships of interest are not linear and 
many of the distributions are not nor­
mal. 

Examples where a different approach 
is much more revealing than the usual 
correlation analysis are shown in seve­
ral sections below, particularly in Sec­
tions F and G. Relative body weight is 
importantly related to smoking habits 
but a coefficient of correlation between 
relative weight and amount smoked can 
be grossly misleading. Blood pressure 
is related to skeletal shape but ordinary 
correlation analysis would scarcely sug­
gest this. In many situations major 
biological and medical interest concerns 
relationships towards the ends of the 
distributions. W e have attempted to 
focus on this by examining the distribu­
tion of men in the tops and bottoms 
of the arrays of the two variables 
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TABLE B 9 

Cr i t ical values of ch i -square with one degree of freedom calculated from two-by-
two t ab les . Probabil i t ies a re those of obtaining, as a r esu l t of chance deviation 
from expectation, values of ch i -square as l a rge or l a rge r than those shown when 
the var iables of in te res t a r e independent. 

CHI-SQUARE 
2.71 

3.24 

3.84 

5.02 

PROBABILITY 
0. 10 

0.07 

0.05 

0.25 

CHI' -SQUARE 
6.64 

7.88 

10.83 

12. 12 

PROBABILITY 
0.01 

0.005 

0.001 

0.0005 
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concerned. Two-by-two tables of 
numbers of men in decile classes 1, 
2 and 9, 10 for each of two variables 
repeatedly showed highly significant 
differences that were missed by 
simply comparing mean values or 
calculating correlation coefficients. 
Examination of the shapes of distribu­
tions and their relative locations in dif­
ferent age groups or samples is con­
veniently accomplished by plotting 
cumulative frequencies on arithmetic 
probability scales. Such plots are easily 
identified by their non-uniform but 
symmetrical ordinate scales. A normal 
distribution, when so plotted appears 
as a straight line with slope in direct 
relation to the standard deviation of the 
distributions. Non-normality is indicat­
ed by a curved line plot, and the di­
rection of skewness can be inferred 
from the curvature. 

Many pairs of variables (x, y) were 
subjected to regression analysis where 
one of the variables (y) is expressed 
as a linear function of the other (x) , 
thus 

y* = a + bx 
The regression (or slope) coefficient b 
tells how much, on the average, y will 
increase for an increase of x by one 
unit. Most commonly, b is determined 
so that the sum of the squares of the 
deviations of the actual y values from 
the predicted y* values is as small as 
possible. In some situations, however, 
it is useful to compute the regression 
coefficient so that variations in both x 
and y directions are minimized at the 
same time (Cramer, 1946). This or­
thogonal regression coefficient, b*, re­
presents the main axis of the elliptical x, 
y configuration so that if x increases by 
one unit, y* increases by b* units; if y 
increases by one unit, x* will increase 
by 1/b* units. 

6. Samples 

The General Question of Samples 

In the present study samples of 
middle-aged men were studied in 
various regions of a number of coun­
tries. No pretence is made that these 
samples truly represent whole large 
regions let alone the countries con­
cerned. However, there is no reason to 
suggest that the samples of rural men 
are in any way atypical of the men in 
the general areas of their residence. 
For example, the sample of men in 
East Finland (Karelia) covered all men 
of prescribed age in a defined area cen­
tering at Ilomantsi; it is not a random 
sample of men in all of East Finland. 
But there is no basis to suggest that the 
sample seriously misrepresents the 
generality of rural men in Finnish 
Karelia. 

From long experience and careful 
consideration, the conclusion can be 
defended that it is not actually possible 
to draw and examine in detail a strictly 
random sample of any large population 
in such epidemiological work. Data on 
the population distribution is seldom 
accurate enough and fully up to date to 
draw a perfect sample even on paper. 
And when the attempt is made to 
examine in detail the persons in the 
theoretical sample the percentage of 
non-respondents is always very 
substantial except in such favorable 
spots as villages similar to those 
involved in the present study. 

A response rate of as high as 80 per 
cent would be very good in cities but 
this is far from enough to provide an 
accurate inventory of disease prev­
alence, especially when the response, or 
lack of it, is influenced by the presence 
of the diseases in question. On the 
other hand, even a relatively poor 
response rate does not necessarily mean 
a biased sample in regard to many 
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attributes and relationships between 
attributes. 

In the present studies emphasis is put 
on such questions as these: Does blood 
pressure tend to be related to serum 
cholesterol level? Is body fatness related 
to skeletal shape? How do smokers 
compare with non-smokers in relative 
body weight? Insofar as common 
patterns in the answers to such 
questions emerge from 18 such widely 
disparate samples, inferences can be 
made about apparently universal rela­
tionships. Insofar as answers from the 
several samples are clear but disparate 
for different samples, the results point 
for the need of further studies to 
discover underlying influences; the 
explanation will not emerge from 
repetitions with "better" samples but 
from the search for and consideration 
of other interrelated variables. 

Sample Bias from Examination 
Refusals 

The high examination coverage a-
chieved in these cooperative studies 
provide data for consideration of the 
situation in which the respondents form 
a small percentage of the sample. In 
population surveys involving detailed 
medical examination the final coverage 
is usually well under 90 and may be as 
little as 50 per cent of the sample. 
Though in the latter case it is doubtful 
whether the sample is often usefully 
representative, it is important to 
consider the common situation where 
15 to 30 per cent of the persons in the 
sample do not respond. 

Much depends on the variables of 
interest, of course, and in some 
situations practically complete coverage 
is required to assure that the prevalence 
of the variable in the invited sample 
is accurately reflected. If the invitees 
fear that revelation of a defect or 
disease in the examination may carry 

economic or social penalty, those who 
know or suspect they may have the 
defect or disease will tend to refuse 
examination. But even in this circum­
stance some indication of the extent of 
the bias will be given by comparing 
the findings on the most reluctant 
examinees with those who volunteered 
more readily. 

In our first survey in 1957 of men 
aged 45—64 at Nicotera, in southern 
Italy, all men of those ages were invited 
to avail themselves of what was 
assured to be a painless and confidential 
examination; the community leaders •— 
officials, priests, doctors, teachers and 
the most respected men — publicly 
urged participation; place and time 
of examination were arranged to 
be convenient. About ten per cent of 
the men on the roster, the "eager 
beavers", presented themselves at the 
first opportunity; thereafter men regis­
tered with no great pressure until about 
three-fourths of the roster was covered; 
increasing efforts at persuasion brought 
the coverage up to about 85 per cent 
and then a concerted drive of public 
pressure and inducement was required 
to reach the 96.1 per cent coverage 
finally achieved. 

Similarly, in the villages of Crete in 
1957, very high coverage was finally 
achieved (91.4 per cent) but the last 
20 per cent to be examined were 
decidedly reluctant and came in only 
as a result of heavy community pressure 
from the village officials, priests, 
teachers and other leaders. In Crete, 
as at Nicotera, some information about 
state of apparent health, working 
habits, etc., was obtainable about the 
men who remained obdurate. Except 
for one man at Nicotera, there was no 
ground for any suspicion that cardio­
vascular disorder was present in any 
of the men who were not examined. 

Accordingly, for these two samples 
it is interesting to compare the early or 
non-reluctant volunteers with those 
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TABLE B 10 

Age distribution of respondents , by number of men, among occupation-matched 
f a rme r s . The 59 most reluctant volunteers at Nicotera a r e compared with the 
59 men in that village who came in f i rs t and the 85 most reluctant respondents in 
Crete a r e compared with the f i rs t 85 v i l lage-matched men who responded to the 
invitation. 

SAMPLE 45-49 50-54 55-59 60-64 
Ear ly Late Ear ly Late Ear ly Late Ea r ly Late 

Nicotera farmers 
Crete farmers 

25 
15 

22 
16 

16 
37 

14 
32 

11 
15 

12 
18 

7 
20 

11 
20 

Both samples 40 38 53 47 26 30 27 31 

TABLE B 11 

"Ready" versus reluctant volunteers for medical examination. Comparison of 59 
early with 59 reluctant men in Nicotera, Italy surveyed in 1957; and comparison of 
85 "late c ome r s " with 85 v i l lage-matched non-reluctant ("ready") men in eleven 
villages on the island of Cre te , Greece surveyed in 1957. Column entr ies a re 
numbers of men. 

ITEM NICOTERA CRETE 
EARLY RELUCTANT EARLY RELUCTANT 

Relative body w t . , under 90% 
" " " 90% or mo r e 

2 Skinfolds, under 13 mm. 
" " 13 mm. or mo re 

Systolic B. P . , under 140 m m . 
" " 140 mm. or mo re 

Diastolic B. P . , under 90 mm. 
" " 90 mm. or mo re 

E . C . G . , "normal" 
" "abnormal" 

36 
23 

37 
22 

42 
17 

50 
9 

46 
13 

32 
27 

31 
28 

37 
22 

47 
12 

37 
22 

52 
33 

53 
32 

59 
26 

72 
13 

59 
26 

53 
32 

52 
33 

53 
32 

66 
19 

66 
19 
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most reluctant, the men who would 
have been non-respondents if it had not 
been possible to bring so much pressure 
on them. In order to assure highest 
comparability in other respects, the 
reluctant and non-reluctant men were 
matched as to village and lifelong 
occupation (farmers). The result was 
59 reluctant men at Nicotera and an 
equal number of "eager" respondents, 
and in Crete 85 men in each category. 

Table BIO shows the age distribution 
of the two sets of men contrasted in 
willingness to respond. There is no 
significant trend for the reluctant 
respondents to differ in age distribution 
from those ready or eager to be 
examined. Table B l l summarizes 
examination findings in these men. In 
none of the items is there even an 
approach to a significant difference 
between the men when they were 
classed by willingness to volunteer for 
medical examination. 

These findings pertain to populations 
of men who had no reason to believe 
that social position or occupation or 
financial security would be affected by 
the discovery of disease other than 
tuberculosis. However, in such popu­
lations the discovery of tuberculosis 
means transport to a sanatorium or 
hospital and it is interesting that at 
Nicotera two of the three men on the 
roster known to have a history of 
tuberculosis refused examination. 

A different situation is to be 
expected among an employed group in 
which disclosure to the employer of 
serious cardiovascular disease would 
probably mean enforced disability 
retirement with a major reduction in 
income. Even though the U.S. railroad 
employees were emphatically re-assured 
about the confidentiality of the 

examination results, this fear probably 
played a role in their attitude toward 
participation. Significantly, disability 
retirements for cardiovascular disease 
in the next few years after the 
examination were proportionately more 
among the U.S. railroad employees who 
had refused examination than among 
those who were examined. 

Obviously, such a disease-related 
bias may produce serious errors in 
estimates of prevalence of the disease 
in the population which the sample was 
supposed to represent. It may well be 
that the prevalence of coronary heart 
disease among U.S. railroad employees 
is greater than found in the surveys; 
the findings in those surveys must be 
considered to indicate minimum preva­
lence. On the other hand, there is 
reason to believe that in the population 
"chunk" surveys in Europe and Japan, 
the non-respondents did not tend to 
include men who had any disability or 
suspicion that they might have cardio­
vascular disease. If anything, then, the 
prevalence data may lead to very slight 
over-estimates; if present such an error 
would be exceedingly small. 

But these surveys were not directed 
primarily at providing estimates of 
prevalence; the long-range aim was to 
provide data on pre-disease charac­
teristics for follow-up analysis of 
incidence; a major short-range aim was 
to obtain distributions and information 
on interrelations among characteristics 
that may be involved in etiology and 
clinical developments of cardiovascular 
disease. For these purposes some bias 
in the samples would be tolerable so 
long as the bias does not distort the 
interrelations among variables. There 
is no reason to suspect such distorting 
bias in the samples studied. 



Cl. RAILROAD EMPLOYEES IN THE U N I T E D STATES 

by Henry L. Taylor, Henry Blackburn, Josef Brozek, 
R. Willis Parlin 6 Thomas Puchner. 

Introduction 

For the analysis of characteristics of 
railroad employees, data were available 
on 3049 railroad employees in the 
northwestern quadrant of the United 
States who were examined in 1957—59. 
The data and analysis presented here 
concern men in statistically pre-deter-
mined samples who were aged 40 
through 59 years at the time of ex­
amination and who were classified as 
sedentary clerks (N = 860), switchmen 
(N = 837), and executives (N = 251). 

In the U.S.A., as in many other 
countries, railroad employees tend to be 
stable in their occupations and in the 
employ of the industry, their ossupa-
tions are relatively fixed in regard to 
physical activity, and they have long 
been covered by a kind of social securi­
ty system, providing pensions, insurance 
and other benefits, that maintains de­
tailed records of employment, disabili­
ties, retirements and deaths. In the 
U.S.A., the Railroad Retirement Board 
operates this system and maintains the 
necessary records. These considerations, 
and the fact that the number of em­
ployees in the industry is large, sug­
gested that railroad employees would 
be particularly suitable for epidemio­
logical studies. 

These advantages are accompanied 
by a number of problems that had to be 
resolved in order to organize a success­
ful epidemiological study with railroad 
employees. Besides obtaining the essen­
tial permission and assurance of cooper­
ation from the railroad companies, it 
was necessary to have agreement and 
help from the various labor unions in­
volved both at the national or regional 
level and in each of the localities where 
the work was to be done. The cooper­
ation of local brotherhood officials is 
important in persuading men to report 
for examination. 

The cooperation of the Railroad 
Retirement Board is useful in many re­
spects and is almost indispensable for 
evaluating the relevance of particular 
samples to the industry as a whole and 
for the analysis of the effects of with­
drawals from the industry, job trans­
fers, etc. 

Besides these questions of permission 
and cooperation, the operation of a pro­
gram that involves examination of rail­
road employees encounters problems 
because of the geographic dispersion of 
the men. It is not possible to sample the 
industry properly by concentrating on a 
few large centers; men are employed at 
every place where there is a railroad 
station and at other places along the 
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line as well. An obvious answer to the 
question, adopted in the present study, 
is the provision of mobile examination 
and laboratory quarters, railroad cars 
specially fitted out for the purpose, that 
can be moved from place to place along 
the railroad on a suitable schedule. 

The Population for Study 

The cooperation of 20 railroad com­
panies operating in the northwestern 
quadrant of the United States circum­
scribed by Chicago, St. Louis, San 
Francisco and the Canadian border was 
solicited. Only two important railroad 
companies operating principally in this 
area refused. The 20 companies that 
agreed to cooperate included 15 line 
haul, first class railroads, 4 switching 
and transfer companies operating with­
in metropolitan areas and one depot 
company serving a metropolitan area. 
The study population then was drawn 
from these 20 cooperating companies 
which include all the types of organi­
zations employing both switchmen and 
clerks. The cooperating railroads are 
listed in Table CI. 1. 

Each company was asked to supply 
the names of all male clerks, switch­
men, dispatchers, and executives whose 
age in 1957 was 40 or more and who 
were employed in the summer or fall of 
1957. A total of 12,586 names were 
delivered to the Laboratory, along with 
the social security number, location of 
work, title of job, etc. A roster of the 
study population was then compiled 
showing the numbers of men employed 
by each railroad in the various towns 
and cities served by the road in ques­
tion. Men who were stationed at those 
locations where less than 10 switchmen 
and clerks were employed were not in­
cluded in the final tabulation. The 
number of men whose ages were 40 to 
59 in the three occupations reported 

here (clerks, switchmen, executives) 
totaled 8,053. 

The men potentially available in the 
study population were in towns with 
populations as small as 5,000 and as 
large as several million and in regions 
differing in climate and other features. 
Accordingly, for the purposes of samp­
ling and subsequent analysis, areas 
were distinguished as indicated in Tab­
le CI. 2. The men examined in St. Louis 
were omitted from this analysis by size 
of community because the number of 
switchmen in St. Louis was very small 
and the characteristics of the community 
are such that it seemed to be illogical to 
combine these men with those in Chi­
cago. 

Clump sampling was used. A statis­
tician selected units consisting of an 
installation of a particular company in a 
particular location. Thirty units were 
selected in such a way as to ensure ap­
proximately proportional representation 
from each of the geographical areas 
and each of the sizes of urban area 
classifications. 

A systematic approach was made to 
each unit in an attempt to develop inter­
est in and response to the program. 
Contact was made with the general 
chairman for each "brotherhood" 
(union) for the railroad in question and 
he was asked to write a letter endors­
ing the project. This letter was repro­
duced and enclosed with an invitation to 
each man at the unit to participate in 
the program. The chairman of the lo­
cal brotherhood lodge was also contact­
ed and permission was obtained to at­
tend a regular meeting of the lodge. 
The meeting was advertised throughout 
the clerical and yard offices of the rail­
road in the town or facility selected. 
The union meeting was attended by a 
staff member of the Laboratory, the 
program was explained, and the ques­
tions were answered. It was the prac­
tice of the Laboratory staff members 
attending the meeting to check the 
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TABLE Cl . 1 

The Cooperating Rai lroads in the Study on U. S. Rai lroad Employees . (Note 
that r a i l roads 1 through 16 opera te completely within the a r ea under 
study; r a i l roads 17 through 20 have divisions in this a r e a but a lso 

operate in other a r e a s ) . 

RAILROAD RAILROAD 

10, 

Great Northern 11. Minnesota T ransfer 
Northern Pacific 12. Belt Rai lroad of Chicago 
Milwaukee Road 13. Indiana Harbor Belt 
Burlington 14. Duluth, Mesabi and Iron Range 
Chicago and Northwestern 15. Chicago River and Indiana 
Western Pacific 16. Spokane, Port land and Seattle 
Soo Line 17. Chicago, Rock Island and Pacific 
Minneapolis and St. Louis 18. Southern Pacific 
Chicago Great Western 19. Chesapeake and Ohio 
St. Paul Union Depot 20. St. Louis and San F ranc i sco 

TABLE CI. 2 

Geographical a r e a s for sampling U.S. ra i l road employees . 

- - Chicago and Milwaukee 
- - The region west of Area I to the Rocky Mountains 

i l ies with populations of 150,000 to 1,000,000 
'! 50, 000 to 150, 000 
" l ess than 50, 000 

- - The Rocky Mountain region 
- - The West (Pacific) Coast 

A r -a I. 
A r e a II, 

A r 

A r 

1_>J ^ 

», ' 
y,i 11 J. 

:;i I V . 
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union membership list against the list 
supplied by the railroad company. 
Names of men who had been omitted 
from the invitation list but who were in 
the correct age group and occupation 
were added to the list. 

Personal invitations were then issued 
by mail to each individual on the invi­
tation list. Those individuals wishing 
to participate returned a letter by mail 
stating when they could attend the 
examination. Clerks were examined on 
company time but due to operating 
problems it was impossible for manage­
ment to extend this privilege to switch­
men. 

Two railroad cars, remodelled to 
serve as mobile laboratories visited each 
of the locations at least twice; three 
visits were made to the large metropo­
litan areas where it was more difficult 
to persuade the men to come in for the 
examination. On arrival at the location 
with the Laboratory railroad cars, 
efforts were made to recruit all the 
men on the invitation list. In some 
cases men were discovered who were 
not on the examination list but were 
in the correct occupation and age class. 
The privilege of examination was 
extended to such men but they were 
classed as volunteers since they had 
not been approached in the same way 
as the men on the invitation lists. A 
number of additional volunteers were 
examined in cases where it was believed 
to be useful in terms of good will 
and of developing an interest in the 
program in men influential in the local 
railroad community. These 149 men 
are listed under "Self-Selected" as 
"other occupations" in Table C l .3 . 

A number of special jobs were not 
included in the major categories of 
clerks or switchmen. Chief clerks were 
not considered to be eligible for the 
clerk cohort since they carry a substan­
tially larger responsibility and are paid 
at a higher rate. For the same reasons, 
yard masters were not included in the 

switchmen cohort. Switchtenders were 
also excluded from this cohort since 
their physical activity level is definitely 
lower than switchmen as a group. A 
substantial number of chief clerks, 
yard masters and switchtenders appear­
ed on the invitation lists. Therefore, 
this group of 69 men is listed under 
"other occupations" in the "Sample" in 
Table C l .3 . Table Cl .3 also indicates 
the men found to be under 40 or over 
59 at the time of examination; these 
men were not included in the later anal­
ysis presented here. 

Occupational Classification of 
Physical Activity 

Physical activity was considered to 
be an important variable in this study 
and the original selection of occupa­
tions for inclusion in the study attempt­
ed to provide clear contrasts in this 
respect — switchmen on the one hand 
versus clerks, executives and dis­
patchers on the other. The category 
of switchmen was chosen to represent 
relatively high physical activity and it 
includes an adequate number of men. 
However, more careful scrutiny showed 
the situation to be more complicated 
than anticipated. 

The 129 broad occupational classifi­
cations set up by the U.S. Interstate 
Commerce Commission were reviewed 
in regard to physical activity. It was 
found that the number of tasks in­
volving physical work required of 
switchmen is relatively small in com­
parison with that of some other occupa­
tions so the general level of activity 
required by switchmen places them in 
a moderately active group. In a four-
level scale, desk workers, switchmen, 
maintenance-of-way employees, and 
lumberjacks can be regarded, re­
spectively, as examples of sedentary, 
moderately active, active, and extreme­
ly active groups. 
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TABLE Cl . 3 

Distribution of examined U.S. ra i l road men. Numbers of men c lassed by age, 
sample s tatus and occupation. 

OCCUPATION 

Clerks , sedentary 
C lerks , non-sedenta ry 
Switchmen 
Executives 
Dispatchers 
Other occupations 

Total 

Jnder 
40 

15 
1 

19 
12 

8 
10 

65 

SAMPLE 

40-59 

860 
156 
837 
251 

65 

69 

2238 

Over 
59 

82 
15 
63 
34 
13 
10 

217 

Und 
40 

28 
6 

29 
21 

3 
34 

121 

SELF 
e r 

-SELECTED 

40-59 

63 
16 
41 
66 

3 

149 

338 

Over 
59 

13 
1 
8 

13 
2 

32 

69 
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Study of the duties of railroad 
employees classed as clerks revealed 
that a significant fraction of these men 
have duties that take them into the 
yards for the purpose of checking car 
numbers or on to the baggage platform 
where they are engaged in walking or 
baggage handling to such an extent 
that they could not be classed as seden­
tary employees. These men, therefore, 
were classed as non-sedentary clerks 
and are listed under this heading in 
Table CI .3 . Some of these clerks were 
as active as switchmen but a great 
many of them appeared to be in the 
grey zone which made them not active 
enough to be included in the moder­
ately active class. It was felt that 
since an important part of the program 
was focused on physical activity, this 
group should be analyzed separately. 

Executives were found to be a mixed 
group some of whom spend the great 
majority of their time at their desks, 
while others are relatively active in 
walking as required on inspection tours 
and in some instances in supervision 
of shops, etc. 

Dispatchers are completely sedentary 
in their working hours. The duties of 
a dispatcher require that he be at his 
desk almost continuously during the 
period that he is on duty. These 
employees will be discussed in separate 
publications. 

Observations have been made of the 
energy expenditure of both switchmen 
and clerks during the working day. 
The oxygen requirement for each of 
the several tasks required of men in 
these occupations was estimated with 
on-the-job direct measurements. This 
was followed by time-and-task mea­
surements and finally a dietary survey 
was carried out on a small group in 
each occupation. Switchmen do more 
on-the-job work than clerks the year 
around, the difference increasing in the 
winter and at certain peak load periods 
due to overtime. Switchmen appear to 

average about 600 calories a day more 
energy expenditure than clerks; in 
some special situations the difference 
may be as high as 1200 calories. The 
detailed data will be reported else­
where. 

Details of Age and 
Occupation Distribution 

The distribution of the examined 
population by occupation, age and 
sample status is presented in Tables 
Cl.4 and Cl .5 . This report deals with 
findings in sedentary clerks, switchmen 
and executives whose age at the time 
of examination was 40 to 59 inclusive 
and who qualified for admission to the 
sample, i.e. were on the invitation list 
and received mailed invitations. The 
distributions for "all U.S." in Table 
Cl.4 are based on men employed in 
1954. The inclusion of men over the 
age of 59 in the sample is due in part 
to some errors in the initial rosters but 
mainly to the fact that the rosters were 
compiled in 1957 but examinations did 
not cover all of the men until early 
1960, by which time some of the men 
had become over age. Errors in the 
original reports of age by railroad 
companies are largely responsible for 
inclusion of some men under 40 in the 
sample. A few men on the original 
invitation list had changed jobs by the 
time of examination. These men are 
reported here as "other occupations" 
under "Sample" in Table C l .3 . 

Tables Cl.4 and Cl .5 show that the 
distribution by age of the examined 
population, the invited population, and 
the study population, are all very simi­
lar in the clerks and switchmen classes 
of occupation. Moreover, the clerks in 
the national population ("all U.S.") 
have much the same age distribution 
as the clerks in the study population. 
On the other hand, the same data 
suggest that the study population is 
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T A B L E C l . 4 

Age d i s t r i b u t i o n of U. S. r a i l r o a d e m p l o y e e s : N u m b e r s of m e n and p e r c e n t a g e s 

O C C U P A T I O N P O P U L A T I O N YEAR 

Sed . C l e r k s Al l U . S . 1954 

S w i t c h m e n 

E x e c u t i v e s 

Study 

I nv i t ed 

A l l U . S . 

Study 

I nv i t ed 

Study 

I nv i t ed 

1951 

1957-59 

E x a m i n e d 1957 -59 

1954 

1957 

1957-59 

E x a m i n e d 1957-59 

1957 

1957 -59 

E x a m i n e d 1957 -59 

40-44 45-49 50-54 55-59 

6336 9769 12286 11511 

(15.9) (24.5) (30.8) (Z8.8) 

575 629 904 1050 

(18.2) (19.9) (28.6) (33.2) 

220 254 317 372 

(18.9) (21.8) (27.2) (32.0) 

167 185 240 267 

(19.4) (21.5) (28.0) (31.1) 

8057 5988 7553 8768 

(26.5) (19.7) (24.9) (28.9) 

1205 1004 800 808 
( 3 1 . 6 ) ( 26 . 3 ) ( 21 . 0 ) ( 2 1 . 2 ) 

449 391 275 299 
( 3 1 . 8 ) ( 2 7 . 7 ) ( 1 9 . 4 ) ( 2 1 . 1 ) 

280 244 153 158 
( 3 3 . 5 ) ( 2 9 . 2 ) ( 1 8 . 3 ) ( 1 8 . 9 ) 

213 200 315 350 
( 1 9 . 8 ) ( 18 . 6 ) ( 2 9 . 2 ) ( 3 2 . 5 ) 

65 54 104 140 
( 1 7 . 9 ) ( 1 4 . 9 ) ( 2 8 . 9 ) ( 38 . 6 ) 

48 35 68 97 
( 1 9 . 4 ) ( 1 4 . 1 ) ( 2 7 . 4 ) ( 3 9 . 1 ) 

(in b r a c k e t s ) . 

40-59 

39902 
( 100 . 0 ) 

3158 
( 100 .0 ) 

1163 
( 100 . 0 ) 

859 
( 100 . 0 ) 

30366 
( 100 .0 ) 

3817 
(100. 0) 

1414 
( 100 . 0 ) 

835 
( 1 00 . 0 ) 

1078 
( 100 . 0 ) 

363 
{100 .0 ) 

248 
(100 . 0) 

T A B L E C I . 5 

U . S . r a i l r o a d e m p l o y e e s c l a s s e d by a g e and o c c u p a t i o n m e n e x a m i n e d a s % of i nv i t ed 
s a m p l e ( r e s p o n s e ) and a s % of s tudy popu l a t i on ( r e p r e s e n t a t i o n ) . 

O C C U P A T I O N 

Sed . C l e r k s 

" 

S w i t c h m e n 

" 

E x e c u t i v e s 
H 

I T E M 

R e s p o n s e 
R e p r e s e n t . 

R e s p o n s e 
R e p r e s e n t . 

R e s p o n s e 
R e p r e s e n t . 

4 0 - 4 4 

7 5 . 9 % 
2 9 . 0 

6 3 . 4 
2 3 . 2 

7 3 . 8 
2 2 . 5 

4 5 - 4 9 

72 . 8% 
2 9 . 4 

6 2 . 2 
24 . 3 

64 . 8 
1 7 . 5 

50-

75 . 
26 . 

55 . 
19. 

65 . 
2 1 . 

-54 

, 7% 
5 

.6 
1 

4 
6 

55-

7 1 . 
2 5 . 

52 . 

19. 

69 . 
27 . 

-59 

. 8 % 
4 

8 
5 

3 
7 

4 0 - 59 

7 3 . 9 % 
2 7 . 2 

5 9 . 1 
2 1 . 9 

6 8 . 3 
2 3 . 0 
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not representative of the age distri­
bution of the switchmen in the national 
population. There is a suggestion that 
switchmen in the older age groups in 
the study population were under-
represented. It is not known whether 
or not this is due to errors in reporting 
by the railroad companies or to employ­
ment practices. The examined popula­
tion of switchmen is proportionately 
smaller in the older age groups when 
compared to the study population. 
Finally, the response rate to the invita­
tions is definitely smaller in the older 
switchmen. It is clear, then, that the 
age distribution of the clerks is related 
to industry conditions while that of the 
switchmen is influenced by selection 
against the experiment. 

The response rate by geographical 
area is presented for the three occupa­
tions in Table Cl .6 and the same in­
formation by size of community in Area 
II is contained in Table Cl .7 . The poor­
est response rate occurred in Area I 
(Milwaukee-Chicago) and the best in 
cities whose populations were less than 
150,000. The very poor response of 
switchmen in Area I is largely due to 
a very low response rate (25 %) in 
one installation in which management-
labor relations were strained and it 
proved impossible to capture the confi­
dence of the switchmen. 

To ensure reasonable distribution 
of sampling and adequate numbers, it 
was felt that at least 20 % sample of 
the study population roster should be 
examined. The data on the percentage 
of the roster examined presented in the 
Tables show that this goal was reached 
in all cases with three exceptions: 1 ) 
switchmen on the Wes t Coast, 2) clerks 
and 3) switchmen in towns with popu­
lation less than 50,000 in Area II ( great 
plains west of Milwaukee and Chi­
cago). 

Executives are not classed by areas 
since those men are moved from one 
location to another during the period in 

which they are "moving up" in the 
ranks and on attaining a position in the 
general office do a great deal of 
traveling. 

Since atherosclerosis, underlying cor­
onary heart disease, develops slowly 
over a long period of time, it was of 
interest to know how long men had 
been in the railroad industry and in 
the specific occupation. This informa­
tion was also pertinent to follow-up 
studies on deaths and retirements since 
it was planned to obtain death certifi­
cate data and information on retirement 
cause from the files of the Railroad 
Retirement Board. The Board deals 
with death benefits and retirements 
only on those men who have had ten 
years of service in the industry. Tabu­
lations by five-year age groups of the 
length of service were made. The age-
adjusted prevalence of men with less 
than ten years of service in the 40—49 
decade of age was 5.5 per cent in the 
sedentary clerks and 6.3 per cent in 
switchmen. In the 50—59 decade of 
age, there were no switchmen with less 
than 10 years of service and only 1.4 
per cent of the sedentary clerks fall 
into this category. Executives with less 
than 10 years of service in the industry 
were found only in the 40—44 years 
old group where the prevalence was 
6.5 per cent. The median number of 
years in the industry for sedentary 
clerks was 20.5 in the 40—44 year age 
group, 23.5 for clerks in the 45—49 
year old group, 32.1 in the 50—54 
age group and 38.0 in the 55—59 age 
group. In the switchmen, the corres­
ponding values at the medians were 
16.8, 18.9, 24.3 and 33.4 for age groups 
40—44, 45—49, 50—54 and 55—59 
respectively. Length of service in the 
principal areas did not show large 
variations except in the Rocky Moun­
tain area where median values for 
clerks aged 40—54 were 3 to 7 years 
of service less than in the other areas 
and for switchmen aged 50—59 were 
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TABLE C l . 6 

U.S. r a i l road employees c lassed by geographical a r ea s : I - Major Metropolitan (in­
cluding Chicago and Milwaukee); II - Midwestern Plains; III - Mountains; IV West 
Coast. Numbers a re : in the study population; in the invited sample and o£ examined 
respondents . Percentages a re : of men responding in invited sample and in study 
population. 

OCCUPATION 

Clerks 
i i 

H 

n 

n 

Switchmen 
11 

" 
i t 

II 

Executives 
M 

II 

11 

" 

AREA 

I 
II 

m 
IV 

A l l 

I 
II 

I I I 
IV 

A l l 

I 
I I 

I II 
IV 

A l l 

STUDY 

841 
1433 
269 
615 

3158 

1064 
1494 

352 

911 
3817 

236 
529 

85 
228 

1078 

INVITED 

388 
471 

75 
232 

1166 

516 
475 
149 
274 

1414 

55 
200 

16 
92 

363 

EXAMINED 

261 
365 

54 

179 
859 

253 
311 
106 
165 
835 

46 
135 

14 
53 

248 

RESPONDENTS, % OF 
INVITED 

67. 3 
77 .5 
72.0 
77. 2 
73. 7 

49.0 
65.5 
71 . 1 
60.2 
59. 1 

83.6 
67.5 
87.5 
57. 6 
68. 3 

STUDY 
31.0 
25.4 
20. 1 
29.1 
27.2 

23.7 
20.9 
30 . 1 
18. 1 
21.9 

19.5 
25.5 
16.5 
23. 2 
23. 0 

TABLE CI . 7 

U .S . r a i l road employees in a r e a II c lassed by size of community; metropol is (population 
150, 000 to one million), city (50, 000 to 150, 000), town ( less than 50, 000), number of men 
in the r o s te r , invited, and examined and men examined as % of men invited and in the 
r o s t e r . 

OCCUPATION COMMUNITY ROSTER INVITED EXAMINED RESPONDENTS, % OF 

Clerks 

" 
M 

IT 

Switchmen 

" 
" 
" 

Executives 
M 

it 

" 

Metropolis 
City 
Town 
Al l 

Metropolis 
City 
Town 
Al l 

Metropolis 
City 
Town 
Al l 

572 
352 
393 

1317 

706 
362 
368 

1436 

271 
103 
98 

472 

162 
117 

82 
361 

230 
127 
74 

431 

80 
33 
29 

142 

131 
99 
61 

291 

135 
103 

53 
291 

61 
25 
21 

107 

INVITED 
81.4 
84. 6 
74 .4 
80.6 

58. 7 
81. 1 
71.6 
67.5 

76.2 
75. 8 
72.4 
75 .4 

ROSTER 
22.9 
28. 1 
15.5 
22. 1 

19. 1 
28,5 
14.4 
20.6 

22.5 
24.0 
21.4 
22.7 
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6 to 9 years less than those in the> 
other areas. The medians were 15.6, 
17.1, 18.5 and 25.5 years in the job 
for switchmen for ages 40—44, 45—49, 
50—54 and 55—59, respectively. Clerks 
had substantially fewer years in their 
present occupations; the medians being 
from 9 to 15 years. However, these 
values are biased toward the low side 
since the questionnaire used did not 
properly distinguish between changes 
in jobs within the occupation and 
changes to jobs outside the occupation. 
Studies of occupation mobility in a 4 
per cent sample of all men employed 
by the railroad industry for ten years 
or more did show that clerks who 
were 40—59 at the beginning of the 
study transferred to jobs outside of the 
occupation twice as often as the switch­
men during a six-year follow-up. Retire­
ments, withdrawals from the industry 
and deaths were of the same order of 
magnitude in the two occupations. It 
is concluded that switchmen remain in 
their jobs over longer periods of time 
than clerks. 

Other Characteristics of the 
Occupational Samples 

Differences in national background, 
particularly of foreign-born groups, 
may be associated with different prev­
alences of risk factors (Epstein et al., 
1957, Stamler er al., 1960), so nationali­
ty of the occupational groups was 
examined. Men brought up in families 
with both parents of the same national 
origin were felt to represent potential 
bias and the analysis centered on this 
group. The data are presented in 
Table Cl .8 . Sixty per cent of the 
clerks reported both parents to be of 
the same nationality, for switchmen and 
executives the percentages were of the 
same order of magnitude but slightly 
lower. The distributions of the several 
national groups in the three occupations 

had only a few important differences. 
Thirty-six per cent of the clerks had 
German parents while only 22 per cent 
of the switchmen and 24 per cent of the 
executives had German parents. Only 
1.7 per cent of the executives had par­
ents of Slavic origin while the per­
centage for clerks was 13 and for 
switchmen 13.9. The executives also 
had a larger proportion who stated that 
their parents were of English-Scottish 
origin (38 per cent) than the clerks 
(17.0 per cent) or the switchmen (21.7 
per cent). Area differences did not 
appear to be great except that more 
than half of all the men of Slavic origin 
were employed by one Company in 
Area I. 

The marital status is presented in 
Table Cl .9 . The age-adjusted preval­
ence of married men among executives 
was 97.2 per cent, for clerks 89.5, and 
for switchmen 94.1. The major differ­
ence between clerks and switchmen 
was found in the never-married group 
in which the age-adjusted prevalence 
was 6.7 per cent in the clerks and 1.8 
per cent in the switchmen. 

Railroad employees as a group are 
known to have a sub-group of heavy 
drinkers. An estimate of the extent of 
this behavior was obtained by calcu­
lating the age-adjusted prevalence of 
men who were or had been members 
of Alcoholics Anonymous. The age-
adjusted rate in switchmen was 3.9 per 
cent, in clerks 4.2 per cent and zero 
among executives. Presumably, alco­
holics did not become executives, or 
were eliminated from their jobs, or 
handled their problem in other ways. 
Variability in the area breakdown was 
not remarkable except that clerks in 
Area A had a rate of 7 per cent. 

Switchmen and clerks have approxi­
mately the same average rate of pay — 
18—19 dollars a day for clerks, 21—23 
dollars a day for switchmen. Switch­
men collect more overtime pay but 
clerks have a better chance of being 
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TABLE C l . 8 

Nationali ty of the pa ren ts of s eden ta ry c l e r k s , swi tchmen and execut ives . P a t e r n a l 
nat ional i ty includes a l l subjects r epor t ing . " P u r e " r e f e r s to ident ical pa te rna l and 
ma t e rna l nationali ty. 

1. Scandinavian 
2. Rus s i an -

Pol i sh 
3. Hungar ian-

Rumanian 
4 . Ge rman 
5. I tal ian 
6. F r ench -

Spanish 
7. I r i sh 
8. Eng l i sh -

Scott ish 

Sedentary Cle 

Nationali ty 

P a t e r n a l 

11. 1 

9 . 1 

1.2 
33. 0 

2 . 3 

3 . 2 

16.6 

23 .5 
100. 0 

P u r e 

15.9 

13.0 

1.3 
36 .0 

3 . 6 

1 .6 
11.6 

17. 0 
100. 0 

: rks 

P u r e 

% 

86.6 

86 .6 

66.7 
66 .3 
94. 1 

29. 1 
4 2 . 3 

43 .7 

Swi tchmen 

Nationali ty 
P a t e rna l 

12. 0 

8 . 0 

0 . 7 
23.7 

2. 1 

4. 0 
22.7 

26. 8 
100. 0 

P u r e 

16. 1 

13.9 

1.4 
21.8 

3 . 3 

1 .6 

19.9 

21.7 
100.0 

P u r e 

% 

72. 8 

9 4 . 4 

100. 0 
49 .7 
85. 7 

22 .2 
47 . 4 

44. 0 

Execut ives 

Nationality 
P a t e rna l P u r e 

9 . 3 

1 .4 

0 . 5 
26. 1 

2 . 3 

2. 8 
19.5 

38. 1 
100. 0 

13 .3 

1.7 

0 . 8 
24 .2 

3. 3 

2 . 5 
15.8 

38 . 4 
100. 0 

P u r e 

% 

80. 0 

66 .7 

100. 0 
51 .8 
80. 8 

50. 0 
4 5 . 2 

56. 1 

739 447 679 367 215 120 

TABLE CI. 9 

P e r c en t age s of m a r r i e d , s ingle (never m a r r i e d ) , widowed, d ivorced and s epa ra t ed men 
among execut ives , s eden ta ry c l e rks and swi tchmen. 

Execut ives Sedentary Clerks Switchmen 

age 40 - 4 5 - 50 - 55 - 4 0 - 4 5 - 50 - 5 5 - 4 0 - 4 5 - 50- 5 5 -
44 49 54 59 44 49 54 59 44 49 54 59 

m a r r i e d 100 100 99 90 85 95 89 88 93 93 94 96 
s ingle 5 10 3 7 6 3 2 1 2 
widowed - . - - 1 3 1 1 - - 4 - - 1 1 1 
d ivorced - 1 3 1 3 2 3 4 3 - -
sepa r a ted - - - - - - 1 1 - - 1 - - 1 ~" * * 

N 46 35 72 95 165 183 237 267 282 242 153 159 
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promoted to a substantially better 
paying job. Executives, of course, have 
much higher salaries. 

Distribution of the 
Measured Variables 

The personal characteristics related 
to the development of coronary heart 
disease found in the several occupations 
are presented in Table Cl.10 as the 
value at the median for the four age 
groups along with the same figure 
expressed as per cent of the average 
of the medians for the 18 population 
samples covered by the cooperative 
studies. Wi th the exception of both 
diastolic and systolic blood pressure, 
all medians for all occupations are 
larger than the averages for the groups 
as a whole. In general the American 
railroad employees were taller, heavier 
for their height, fatter and had higher 
serum cholesterol concentrations than 
the averages of the medians. Clerks 
and switchmen had comparable heights. 
But the executives were significantly 
taller than any of the other occupations 
and were the tallest of any group 
studied. Switchmen were heavier for 
height and age at all ages and were 
thinner in the younger age groups than 
clerks. Executives were as heavy as the 
switchmen but were also a little fatter. 
In both relative body weight and fat­
ness the employees of the American 
railroads were markedly heavier and 
fatter than the averages of all groups. 
The men of Crevalcore had relative 
body weights that were comparable to 
employees of the American railroads 
while those of the Italian railroad were 
larger. All occupations had skinfolds 
which were markedly larger than in any 
other groups studied. The blood pres­
sures in the several occupations do not 
show striking trends except that non-
sedentary clerks and executives tended 
to have lower blood pressures in the 

younger age groups and the non-
sedentary clerks were found to have 
the highest systolic and diastolic blood 
pressures in the oldest age group. 
Serum cholestérols were markedly ele­
vated above the average for all groups 
and did not differ significantly between 
occupations. However it should be 
noted that the executives tended to have 
higher serum cholesterol concentrations 
than the other occupational groups. 
These men had serum cholesterol con­
centrations which were substantially 
lower than those of the Finns and were 
in the same range as those of the men 
of Zutphen. 

The relative body weights have a 
trend to lower values with age in all 
occupations. There is no trend in the 
skinfolds with age. The systolic and 
diastolic blood pressures show the ex­
pected increase with age. Serum cho­
lesterol is not related to age in a uni­
form way in the four groups. Switch­
men have an increased serum choles­
terol in the 55—59 age group while the 
other three occupations do not. The 
complete distributions of all the mea­
sured variables are to be found in the 
Appendix. The data are presented in 
Figures Cl .1 through Cl .4 as cumula­
tive frequency distributions plotted 
with a probability scale in the ordinate. 
All ages have been pooled for those 
variables which showed no age trend, 
i.e. height, sum of the skinfolds, and 
serum cholesterol concentrations. In the 
case of the other variables, systolic and 
diastolic blood pressure and relative 
body weight, the distributions for the 
age decade 40 to 49 are shown by a 
heavy line and the 50 to 59 decade is 
represented by a light line. Normal 
distribution is indicated by a straight 
line. Examination of the data for seden­
tary clerks and switchmen reveals that 
the largest departures from normality 
occur in the blood pressure measure­
ments. Serum cholesterol concentration 
shows a minor bowing. An unusual 
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TABLE C l . 10 

Medians for U .S . r a i l road employees and these values exp re s sed as p e rcen tages of the 
a ve r age , of the med ians for a l l 18 s amples of men . 

VARIABLE 

Height (cm. ) 

SAMPLE MEDIAN VALUES MEDIAN, % OF AVERAGE 
40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-59 

103.1 103.6 104.0 102.6 
103.1 103.0 102.8 102.6 
101.9 101.8 103.4 103.2 
104.2 104.7 105.8 104.9 
103.1 103.0 103.4 102.6 

108.1 107.1 110.3 110.5 
105.0 106.0 107.1 107.3 
106.0 104.0 110.3 107.3 
108.1 107.1 108.2 107.3 
107.0 107.1 109.2 108.4 

146.2 142.2 159.4 160.8 
155.7 166.7 159.4 160.8 
174.5 166.7 178.7 155.8 
155.7 152.0 183.6 170.9 
150.9 152.0 164.3 160 .8 

99 .2 100 .1 99 .3 9 9 . 6 
102.3 100.1 103.6 99 .6 
99 .2 100.1 100.7 102.4 
93 .9 9 7 . 8 101.5 94 .6 
99 .2 100.1 101.5 98 .9 

102.5 103.2 101.9 104.4 
102.5 104.4 105.5 102.0 
98 .8 9 8 . 3 105.5 106 .8 
98 .8 99 .5 106.7 100.8 

101.2 103.2 104.3 102.0 

112.9 111.9 111.1 120.9 
113 .4 112.9 111.1 117.1 
110.5 111.0 122.1 106.9 
117.2 116.3 116.3 119.5 
113.4 112.9 112.0 117.6 

Rel . Wt. (%) 

Skinfolds (: 

Switchmen 
Sed. C le rks 
Non-Sed. Cle 
Execut ives 
All Men 

Switchmen 
Sed. C le rks 

:rks 

Non-Sed. C lerks 
Execut ives 
All Men 

m m ) 
Switchmen 
Sed. C le rks 
Non-Sed. Cle 
Execut ives 
All Men 

Syst . B. P . (mm) 
Switchmen 
Sed. C le rks 
Non-Sed. Cle 
Execut ive 
All Men 

Dias t . B. P . (mm) 

Se rum Choi. 

Switchmen 
Sed. C lerks 
Non-Sed. Cle 
Execut ives 
All Men 

(mg%) 
Switchmen 
Sed. C le rks 
Non-Sed. Cle 
Execut ives 
All Men 

:rks 

:rks 

i r k s 

r k s 

175 
175 
173 
177 
175 

106 
103 
104 
106 
105 

31 
33 

i 37 
33 
32 

130 
134 

; 130 
123 
130 

83 
83 
80 
80 
82 

233 
2 3 4 
2 28 
242 
234 

175 
174 
172 
177 
174 

103 
102 
100 
103 
103 

29 
34 
3 4 
31 
31 

133 
133 
133 
130 

133 

84 
85 
80 
81 
84 

232 
2 3 4 
230 
2 4 1 
2 3 4 

174 
172 
172 
177 
173 

105 
102 
105 
103 
104 

33 
33 
37 
38 
3 4 

136 
142 

138 

139 
139 

85 
88 
88 

89 
87 

232 
232 
255 
2 43 
2 3 4 

172 
172 
173 
176 
172 

104 
101 
101 
101 
102 

32 
32 
31 
34 

32 

140 
140 
144 
133 

139 

88 
86 
90 
85 
86 

250 
242 
221 
2 47 
2 43 
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SWITCHMEN, USA. 
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SEDENTARY CLERKS, U.S.A. 
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EXECUTIVES, U.S.A 
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NON-SEDENTARY CLERKS, USA. 
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finding is the apparently normal distri­
bution for skinfolds among sedentary 
clerks. Switchmen show a minor de­
parture from the straight line and both 
groups have normal distributions of 
relative body weights and heights. The 
small numbers of men in the executive 
and non-sedentary clerks result in less 
stable graphs. The same general picture 
emerges except for sum of the skin­
folds in executives which has a definite 
bow and irregularities in the graph 
make it difficult to be sure that relative 
body weight has a normal distribution 
in either occupation. 

Smoking habits of the occupational 
groups are presented in Table C l .11 . A 
larger fraction of switchmen smoke 
cigarettes (64.8 %) than clerks (52.1 
%) or executives (53 % ) . There were 
30.2 % of switchmen and 28.3 % of 
executives who smoked more than 20 
cigarettes a day while only 16.6 % of 
the clerks were heavy smokers. Rela­
tionships between smoking categories 
and the measured variables in switch­
men and clerks are presented in Table 
CI.12. 

In non-smokers there was an excess 
of men observed over that expected 
above the median value in both occu­
pations for relative body weight (126 
% for switchmen and 114.4 % for 
clerks) and sum of the skinfolds (123.5 
% for switchmen and 113.7 % for 
clerks). The reverse relationship was 
found in heavy smokers where a smal­
ler fraction of men was observed than 
expected above the median in both 
occupations. No substantial relation­
ship to smoking was found in either 
the systolic and diastolic blood pres­
sures or the serum cholesterol con­
centration. 

The Electrocardiographic Findings 

The ECG findings for the four 
groups are presented in Tables Cl.13 

through Cl.20. The large Q waves 
(code I, 1) which can be taken as 
evidence of old myocardial infarction 
have very low frequencies in all groups 
and it is not possible to make any 
statements regarding differences in 
prevalence rates between groups. There 
were no important differences between 
clerks and switchmen in all reportable 
items, clerks had fewer total Q waves 
in the 40 to 49 decade while the reverse 
was true in the older decade of age. 
Switchmen had fewer cases of left axis 
deviation than clerks at all age groups. 
The most striking finding between 
occupations was found in the S-T 
depressions after exercise. Clerks 
showed an age-adjusted rate of 67.3 
and switchmen of 25.6. The difference 
is highly significant. The number of 
men in the executive group is too 
small to draw firm conclusions. Age-
adjusted rates per 1000 for the men 
classified as having an "ischemic pat­
tern" (code XI, 1—3) were sedentary 
clerks 29.0, switchmen 15.3, and execu­
tives 23.4. For code XI, 4 (non-ischemic 
pattern) the corresponding rates were 
38.3, 10.3 and 16.6 for sedentary clerks, 
switchmen and executives. 

Prevalence of Hypertension 
versus Other Variables 

The prevalence of hypertension in 
switchmen, clerks and executives does 
not differ markedly between occupa­
tional classes but is definitely higher 
than the average prevalence for all 
samples. Table Cl.21 presents preval­
ence rates based on two criteria of 
blood pressure by age and occupation. 
The age-adjusted rates of hypertension 
defined as 95 mm. Hg or more in the 
fifth phase of diastole in numbers per 
thousand are 210, 230, 273 and 212 for 
switchmen, sedentary clerks, non sed­
entary clerks and executives respect­
ively while the rate for all areas was 
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TABLE Cl. 11 

Cigarette smoking habits of men of the U. S. Railroad. Percentage of men 
who never smoked, who had stopped, who smoked 1-10, 11-20, more than 20 
cigarettes daily at the time of their examination. 

SAMPLE AGE NEVER QUIT 1-10 11-20 MORE THAN 20 

Switchmen 40-44 
45-49 
50-54 
55-59 

15.6 
15.3 
18.8 
17.0 

13.8 
19.4 
22. 1 
23.3 

6.7 
4 . 5 
6 .5 
4 . 4 

27.0 
32.3 
26.0 
30.8 

36. 
28. 
26. 
24. 

40-59 16.4 18.8 5 .6 29.0 30.2 

Sedentary 
Clerks 

" 
1! 

I! 

40-44 
45-49 
50-54 
55-59 

25.7 
26.5 
27.6 
28.2 

16.8 
20.6 
20. 1 
23.8 

4 . 8 
4 . 3 
7. 1 
8.2 

38.9 
26.4 
30. 1 
23.8 

13.8 
22.2 
15. 1 
16.0 

40-59 27.2 20.7 6 .4 29.1 16.6 

Executive 
it 

" 
11 

40-44 
45-49 
50-54 
55-59 

26. 1 
20.0 
26.0 
25.8 

17.4 
20.0 
24.7 
22.7 

-
2 . 9 
1.4 
6 . 2 

30.4 
22.9 
17.8 
19.6 

26. 1 
34.2 
30. 1 
25.7 

40-59 25. 1 21.9 3.2 21.5 28.3 

Non-Sedent; 
Clerks 
" 
H 

" 

ary 
40-44 
45-49 
50-54 
55-59 

22.6 
23. 1 
21. 1 
21.3 

19.4 
15.4 
15.8 
25.5 

6 .5 
7 .7 
7 . 9 

17.0 

38.6 
35.9 
39.4 
21.3 

12.9 
17.9 
15.8 
14.9 

40-59 21.9 19.4 10.3 32.9 15.5 
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TABLE C l . 12 

Smoking . Numbe r of men in the U. S. R a i l r o ad below (LOW) and above (r/(GH) the a g e -
specif ic m e d i a n s , for age and a r e a , of m e a s u r e d v a r i a b l e s , c l a s s ed a cco rd ing to smoking 
h ab i t s . HEAVY = m o r e than 20, OTHER = 1-20 c i g a r e t t e s da i ly . 

VARIABLE 

Rela t ive Weight 

Skinfolds 

Sys to l ic B . P . 

D ias to l ic B . P . 

S e r um Cho l e s t e ro l 

SAMPLE NON-SMOKERS 
LOW HIGH 

Swi tchmen 
C l e r k s 

Swi tchmen 
C l e r k s 

Swi tchmen 
C l e r k s 

Swi tchmen 
C le rks 

Swi tchmen 
C l e r k s 

108 

175 

112 

177 

135 

2 0 9 

135 

2 0 6 

144 

2 0 9 

185 

2 3 4 

181 

2 3 3 

159 
2 0 2 

159 
205 

145 

199 

HEAVY 
L O W 

136 

75 

130 

76 

123 
70 

1 24 
67 

123 

77 

HIGH 

115 

68 

122 

67 

129 
7 1 

128 
7 4 

125 

66 

O'i 
L O W 

173 

178 

17b 

176 

160 

151 

159 
157 

145 

141 

[TIER 
HIGH 

116 

I.V. 6 

114 

129 

130 

155 

131 
149 

141 

l o i 



TABLE Cl. 13 

SWITCHMEN, U.S.A. 

75 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Total with reportable 

ECG Items 

Q Waves 

ECG 
Code 

40-44 
(282) 

45-49 
(241) 

50-54 
(153) 

3 ( 10. 6) 
3 ( 10. 6) 
1 ( 3 .5) 

2 ( 8.3) 
5 ( 20. 7) 
5 ( 20. 7) 

3 ( 19.6) 
3 ( 19.6) 
0 

55-59 
(159) 

I - IX 56(198.6) 58(240.7) 37(241.8) 45(283.0) 

5 ( 31.4) 
1 ( 6.3) 

Axis Deviation ÎI 
Left 
Right 

High Amplitude R Waves III 
Left type 
Right type 

S-T Depression (rest) IV 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0. 5 - 1 mm. , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm, or more, upward 

segment 

T-Wave Negativity (rest) V 
- 5 mm. or more 
- 1 mm. to -5 mm. 
0 + l .mm. 

A-V Conduction Defect VI 
Complete Block 
Partial Block 
P-R over 0.21 second 
Accelerated Conduction 

Ventricular Blocks VII 
Left Bundle 
Right Bundle 
Incomplete Right Bundle 
Intraventricular Block 

Arrhythmias VIII 
Premature Beats 
Ventricular tachycardia 
Atrial fibrillation, flutter 
Supra-vent, tachycardia 
Ventricular rhythm 
A-V nodal rhythm 
Sinus tachycardia 
Sinus bradycardia 

Technically poor records IX 

4 ( 14.2) 
0 

M 3.5) 
0 

3 ( 12.4) 
0 

6 { 24.9) 
0 

4 ( 26. 1) 
0 

3 ( 19.6) 
0 

3 ( 18 .9) 
0 

3 ( 18 .9) 
0 

1 

2 

3 

4 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 
4 

1 

2 

3 
4 

5 

6 

7 

8 

8 

0 

0 

1 ( 

0 

0 

1 ( 
7 ( 

0 

0 

0 

2 ( 

0 

0 

5 ( 
0 

0 

0 

0 

0 

0 

0 

3 ( 

3 ( 

0 

3 . 5 ) 

3 . 5 ) 

2 4 . 8) 

7 . 1 ) 

17 . 7) 

1 0 . 6 ) 

10 . 6) 

0 

0 

2 ( 

0 

0 

1 ( 
5 ( 

0 

0 

0 

2 ( 

0 

2 ( 

1 ( 

1 ( 

3 ( 
0 

0 

0 

0 

0 

3 ( 

1 ( 

4 ( 

8 . 3) 

4 . 1 ) 
2 0 . 7) 

8. 3) 

8 . 3) 

4 . 1 ) 

4 . 1 ) 

1 2 . 4 ) 

1 2 . 4 ) 

4 . 1 ) 

16 . 7) 

1 ( 

0 

0 

0 

0 

1 ( 
5 ( 

0 

0 

1 ( 
0 

2 ( 

3 ( 

3 ( 
0 

0 

0 

0 

0 

0 

0 

0 

4 ( 

0 

: 6. 

6 . 

3 2 . 

6. 

1 3 . 

19 . 

19 . 

2 6 . 

. 5 ) 

5) 

7) 

5) 

2) 

9) 

9) 

5) 

0 

3 ( 

3 ( 

0 

0 

2 ( 

8 ( 

0 

0 

3 ( 
0 

0 

3 ( 

3 ( 
0 

0 

0 

0 

0 

0 

0 

3 ( 
2 ( 

0 

1 8 . 9 ) 

1 8 . 9 ) 

12 . 6) 

5 0 . 3) 

1 8 . 9) 

1 8 . 9) 

1 8 . 9 ) 

1 8 . 9 ) 
12 . 6) 
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TABLE C l . 14 

SWITCHMEN, U . S . A . 

FREQUENCY O F POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
E x e r c i s e t e s t s not m a d e o r 

i n comp le t e 
S -T D e p r e s s i o n p o s t - e x e r c i s e 

(none a t r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s egmen t 
T Wave Negat iv i ty p o s t - e x e r c i s e 

(none a t r e s t ) 
- 5 m m . o r m o r e 
-1 to -5 m m . 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none a t r e s t ) 

Techn ica l l y poor p o s t - e x e r c i s e 
r e c o r d s 

ECG 
Code 

XI 

XII 

40-44 
(278) 

4 ( 14.2) 

45-49 
(233) 

50 -54 
(141) 

1 ( 4 .2 ) 

55-59 
(143) 

( 33 .2 ) 12 ( 78 .4 ) 16 (100 .6) 

1 ( 7 .0) 

XI 8 

2 
3 

4 

1 
2 
3 

1 

8 

2 ( 
0 

0 

0 
0 
1 ( 

0 

6 ( 

7. 

3. 

2 1 . 

D 

6) 

6) 

5 ( 
0 

3 ( 

0 
2 ( 
0 

2 ( 

5 ( 

2 1 . 5 ) 

12 .9) 

8.6) 

8. 6) 

21 .5 ) 

2 ( 
0 

2 ( 

0 
1 ( 
0 

0 

6 ( 

14 .2) 

14 .2) 

7 .1) 

42 .6 ) 

1 ( 
0 

2 ( 

0 
0 
1 ( 

1 ( 

7 ( 

7 .0) 

14. 0) 

7. 0) 

7 .0) 

49 .0 ) 

FREQUENCY O F CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At R e s t 
L a r g e Û Waves 
L e s s e r Q Waves 

wi th Negat ive T Waves 
Deeply Negat ive T a s so le 

anomaly 
O the r Nega t ive T a s so le 

a noma ly 
S -T D e p r e s s i o n a s s o l e 

a noma ly 
High Ampl i tude R 

w i th S -T D e p r e s s i o n 
Comple t e H e a r t Block 
Ven t r i c u l a r Conduct ion Defect 
A r r h y t hm i a s 

P o s t - e x e r c i s e 
S -T D e p r e s s i o n a s so le 

anomaly 
Nega t ive T a s so le 

anomaly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

a s so le anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1 , 2 , 4 
VIII 2 -6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1 , 2 , 4 
only 

XV 1 
only 

3 ( 

0 

0 

6 ( 

1 ( 

0 
0 
0 
0 

2< 

0 

0 

0 

10. 

2 1 . 

3 . 

7. 

6) 

3) 

5) 

1) 

2 ( 

0 

0 

2 ( 

1 ( 

0 
0 
3 ( 
0 

6 ( 

0 

0 

2 ( 

8.3) 

8 .3) 

4 .1 ) 

12. 4) 

25 . 8) 

8.6) 

3 ( 

0 

0 

3 ( 

0 

1 ( 
0 
5 ( 
0 

3 ( 

0 

0 

0 

19. 

19. 

6. 

32. 

2 1 . 

6) 

6) 

5) 

7) 

3) 

0 

0 

0 

5 ( 

2 ( 

1 ( 
0 
3 ( 
0 

3 ( 

0 

0 

1 ( 

31 .4 ) 

12 .6) 

6 .3) 

18.9) 

21 .0 ) 

7 .0) 



TABLE Cl. 15 

SEDENTARY CLERKS, U. S. A. 

77 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Tota l wi th r e po r t a b l e 

ECG I t ems 

Q Waves 

ECG 
Code 

IX 

1 
2 
3 

40 -44 
(165) 

1 ( 6 .1) 
1 ( 6 .1 ) 
0 

45-49 
(184) 

50 -54 
(234) 

2 ( 10 .9) 
0 
0 

1 ( 4. 3) 
3 ( 12 .8 ) 
H 4 .3) 

55-59 
(264) 

2 8 ( 169 . 7 ) 37 (201 .1 ) 6 2 ( 2 6 5 . 0 ) 6 6 ( 2 5 0 . 0 ) 

6 ( 2 2 . 7 ) 
5 ( 1 8 .9 ) 
9 ( 34. 1) 

Axis Devia t ion II 
Left 1 
Right 2 

High Ampl i tude R Waves III 
Left type 1 
Right type 2 

S-T Dep r e s s i on ( r e s t ) IV 
S-T - J 1 m m . o r m o r e , h o r i z . 

or downward s egmen t 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s egmen t downward 
S-T - J 1 m m . o r m o r e , upward 

s egmen t 

T-Wave Negat ivi ty ( r e s t ) V 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 +_ l . m m . 

A-V Conduction Defect VI 
Comple te Block 
P a r t i a l Block 
P - R ove r 0 . 21 s econd 
Acc e l e r a t e d Conduction 

Ven t r i c u l a r B locks VII 
Left Bundle 
Right Bundle 
Incomple te Right Bundle 
I n t r a v en t r i c u l a r Block 

A r r h y t h m i a s VIII 
P r e m a t u r e Bea t s 
Ven t r i cu l a r t a c hyc a r d i a 
A t r i a l f i b r i l l a t ion , f lu t ter 
S up r a - v en t . t a c hyc a r d i a 
Ven t r i cu l a r r hy t hm 
A-V nodal r hy thm 
Sinus t a chyca rd i a 
Sums b r a d y c a r d i a 

Techn ica l ly poor r e c o r d s IX 8 

4 ( 24. 2) 7 ( 38.0) 
0 0 

8 ( 34. 2) 
0 

3 ( 18.2) 4 ( 21 .7 ) 10 ( 42 .7 ) 
0 0 0 

5.4) 

16 ( 6 0 .6 ) 
0 

12 ( 4 5 .5 ) 
0 

1 

2 
3 

0 

2 ( 12 .1) 
0 

0 

0 
0 

1 ( 4. 3) 

6 ( 25 .6 ) 
2 ( 8. 5) 

M 

3 ( 
1 ( 

22 .7 ) 

11 .4) 
3. 8) 

1 ( 3 .8) 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

8 

0 
2 ( 
3 ( 

0 
0 
0 

1 ( 

1 ( 
0 

1 ( 
0 

0 
0 
0 
0 
0 

1 ( 
4 ( 
2 ( 

0 

12. 1) 
18 .2) 

6 .1) 

6 .1) 

6 .1) 

6 .1) 
24 .2 ) 
12. 1) 

0 
2 ( 
3 ( 

0 
0 
0 
0 

0 
0 
2 ( 
0 

2 ( 
0 
0 
0 
0 
0 
3 ( 
1 ( 

2 ( 

10, 
16. 

10. 

10. 

16. 
5. 

10. 

.9) 
3) 

9) 

9) 

3) 
4) 

9) 

0 
5 ( 
4 ( 

0 
0 

1 ( 
1 ( 

6 ( 
0 

1 ( 
0 

1 ( 
0 

1 ( 
0 
0 
0 
6 ( 
2 ( 

2 ( 

21 .4 ) 
17. 1) 

4 . 3 ) 
4 .3 ) 

25 .6 ) 

4 . 3 ) 

4 .3 ) 

4 .3 ) 

25 .6 ) 
8.5) 

8.5) 

1 ( 
7 ( 

13 ( 

0 
0 

1 ( 
3 ( 

2 ( 
2 ( 
4 ( 
1 ( 

6 ( 
0 
3 ( 
0 
0 
0 

10 ( 
0 

1 ( 

3 . 8) 
26 .5 ) 
49 . 2 ) 

3 . 8) 
11 . 4) 

7 .6) 
7 .6) 

15.2) 
3 .8) 

22 .7 ) 

11.4) 

37 .9 ) 

3. 8) 
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TABLE C l . 16 

SEDENTARY CLERKS, U . S . A . 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Ra te p e r 1, 000 m e n in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
E x e r c i s e t e s t s not m a d e o r 

i n comp le t e 
S-T D e p r e s s i o n p o s t - e x e r c i s e 

(none at r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z . 

ECG 
Code 

40 -44 

(159) 

45-49 
(176) 

X 
X 

XI 

50 -54 

(209) 

55-59 
(219) 

6 ( 3 6 . 4 ) 8 ( 4 3 . 5 ) 2 5 ( 1 0 6 . 8 ) 4 5 ( 1 7 0 . 5 ) 

o r downward s e gmen t 
S-T - J 0. 5 - 1 m m . , h p r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , upward 

s e gmen t 
T Wave Negat iv i ty p o s t - e x e r c i s e 

(none, a t r e s t ) 
-5 m m . o r m o r e 
-1 to -5 m m . 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none a t r e s t ) 

Techn ica l l y p oo r p o s t - e x e r c i s e 
r e c o r d s 

1 

2 
3 

4 

XII 
1 
2 
3 

XV 
1 

XI 8 

0 

1 ( 
1 ( 

5 ( 

0 
0 

1 ( 

0 

5 ( 

6 .3 ) 
, 6 .3 ) 

31 .4 ) 

6 .3 ) 

31 .4) 

2 ( 

3 ( 
1 ( 

5 ( 

0 
2 ( 
2 ( 

2 ( 

H ( 

11 .4 ) 

17. 0) 
5 .7 ) 

28 .4 ) 

11 .4) 
11 .4 ) 

11.4) 

62 .5 ) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF 
At Re s t 
L a r g e Q Waves 
L e s s e r Q Waves 

wi th Negat ive T Waves 
Deeply Nega t ive T a s so le 

anomaly 
Other Negat ive T a s so le 

anomaly 
S-T D e p r e s s i o n a s so le 

anomaly 
High Ampl i tude R 

with S -T D e p r e s s i o n 
Comple te H e a r t Block 
Ven t r i cu l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 
S-T D e p r e s s i o n a s so le 

a noma ly 
Negat ive T a s so le 

anomaly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

as so le anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2, 4 
VIII 2 -6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2, 4 
only 

XV 1 
only 

1 ( 

0 

0 

3 ( 

0 

0 
0 
1 ( 
1 ( 

6 ( 

1 ( 

0 

0 

6 .1) 

18.2) 

6 .1) 
6 .1 ) 

37. 7) 

6 .3) 

2 ( 

0 

0 

5 ( 

1 ( 

0 
0 
0 
0 

6 ( 

2 ( 

0 

1 ( 

10 .9) 

27 . 2 ) 

5 .4) 

34. 1) 

11.4) 

5 .7) 

2 ( 

1 ( 
0 

9 ( 

0 
1 ( 
1 ( 

0 

7 ( 

9 .6 ) 

4..8) 

43 . 1) 

4. 8) 
4 . 8) 

33 . 5) 

4 ( 

7 ( 
1 ( 

11 ( 

0 
2 ( 
5 ( 

1 ( 

12 ( 

18. 3) 

32. 0) 
4 . 6 ) 

50 .2 ) 

9. 1) 
22 . 8) 

4. 6) 

54. 8) 

1 CLINICAL IMPORT 

1 ( 

0 

0 

2 ( 

4 ( 

1 ( 
0 
6 ( 
1 ( 

11 ( 

3 ( 

0 

2 ( 

4 .3 ) 

8 .5) 

17. 1) 

4 . 3 ) 

25 . 6) 
4 . 3 ) 

52. 6) 

14. 4) 

9.6) 

6 ( 

1 ( 

0 

5 ( 

1 ( 

3 ( 
0 
5 ( 
3 ( 

13 ( 

6 ( 

0 

2 ( 

22. 7) 

3. 8) 

18. 9) 

3 .8) 

11 .4) 

18 .9) 
11.4) 

59 .4 ) 

27 .4 ) 

9. 1) 



TABLE C l . 17 

EXECUTIVES, U . S . A . 
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FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Tota l with r e po r t a b l e 

ECG I t ems IX 

1 
2 
3 

40-44 
( 46) 

6 (130.4) 

1 ( 21 .7 ) 
0 
0 

45-49 
( 35) 

1 ( 2 8 . 6 ) 
1 ( 28 .6 ) 
0 

50-54 
(73 ) 

1 ( 13.7) 
4 ( 54. 8) 
2 ( 27 . 4) 

55-59 
(96 ) 

8 (228.6) 23 (315. 1) 33 (343. 8) 

1 ( 10 .4) 
4 ( 4 1 . 7) 
0 

Axis Devia t ion 
Left 
Right 

1 ( 2 1 .7 ) 
0 

3 ( 4 1 .1 ) 
0 

6 ( 62.5) 
0 

High Ampl i tude R Waves 
Left type 
Right type 

I I I 

0 
1 ( 2 8 .6 ) 

1 ( 13 .7) 
0 

2 ( 20. 8) 
0 

S-T Dep r e s s i on ( r e s t ) IV 
S-T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

dov/nward s egmen t 
No S - T - J p lus s egmen t downward 
S-T - J 1 m m . o r m o r e , upward 

s egmen t 

T -Wave Negat ivi ty ( r e s t ) V 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 \_ l . m m . 

A-V Conduct ion Defect VI 
Comple te Block 
P a r t i a l Block 
P - R ove r 0 .21 second 
Acc e l e r a t e d Conduction 

Ven t r i c u l a r B locks VII 
Left Bundle 
Right Bundle 
I ncomple te Right Bundle 
I n t r a v en t r i c u l a r Block 

A r r h y t h m i a s VIII 
P r e m a t u r e Bea t s 
Ven t r i c u l a r t a chyca rd i a 
A t r i a l f i b r i l l a t ion , f lu t ter 
S up r a - v en t . t a chyca rd i a 
Ven t r i cu l a r r hy thm 
A-V nodal r hy thm 
Sinus t a chyca rd i a 
Shius b r a dy c a r d i a 

Technica l ly poor r e c o r d s IX 

1 ( 2 8 .6 ) 

2 
3 

4 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
S 

8 

0 
0 

0 

0 
0 
I ( 2 1 . 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

1 ( 
0 

7) 0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
Q 
0 
0 

1 ( 

1 ( 

28 

28 . 

28 . 

. 6 ) 

6) 

6) 

1 ( 
1 ( 

1 ( 

0 

1 ( 
3 ( 

0 
0 
0 
0 

0 

1 ( 
2 ( 
1 ( 

0 
0 
0 
0 
0 
0 
2 ( 
0 

0 

13 .7) 
13 .7) 

13 .7 ) 

13.7) 
4 1 . 1) 

13 .7) 
27 .4 ) 
13 .7) 

27 .4 ) 

0 
3 { 

0 

0 

1 ( 
4 ( 

0 
0 
0 
0 

1 ( 
2 ( 
1 ( 
2 ( 

3 ( 
0 
0 
0 
0 
0 

1 (. 
2 ( 

1 ( 

31 .Z) 

10 .4) 
41 . 7 ) 

10 .4) 
20 . 8 ) 
10 .4) 
20 .8 ) 

31 .2 ) 

10 .4) 
20. 8) 

10.4) 
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TABLE C l . 18 

EXECUTIVES, U . S . A . 

FREQUENCY O F POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 m e n in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 4 0 - 44 45 -49 5 0 -54 55-59 
ECG FINDING Code ( 4 5 ) ( 33) (68 ) ( 81 ) 
E x e r c i s e t e s t s not made or X I 

incomplete X 2 1 ( 21 .7 ) 2 ( 57. 1) 5 ( 6 8 .5 ) 1 5 ( 156 . 2 ) 
S-T Depres s ion p o s t - e x e r c i s e 

(none at rest) XI 
S-T - J 1 m m , or m o r e , hor iz . 

or downward segment 
S-T - J 0 . 5 - 1 m m . , hor iz . or 

downward segment 
No S -T -J plus s egment downward 
S-T - J 1 m m . or m o r e , upward 

segment 
T Wave Negativity p o s t - e x e r c i s e 

(none at rest) 
-5 m m . or more 
-1 to -5 m m . 
0 + 1 m m . 

Arrhythmias p o s t - e x e r c i s e 
(none at rest) 

Technical ly poor p o s t - e x e r c i s e 
r ecords 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

1 

2 
3 

4 

XII 
1 
2 
3 

XV 
1 

XI 8 

0 

0 
0 

0 

0 
0 
0 

0 

0 

0 

0 
0 

0 

0 
0 
0 

0 

2 ( 60. 6) 

2 ( 

1 ( 
0 

2 ( 

0 
0 
1 ( 

0 

1 ( 

2 9 . 4 ) 

14 .7) 

29 .4 ) 

14.7) 

14.7) 

2 ( 

2 ( 
0 

3 ( 

1 ( 
1 ( 
1 ( 

1 ( 

4 ( 

24 .7 ) 

24 . 7 ) 

37 .0 ) 

12 .3) 
12 .3) 
12 .3) 

12 .3) 

49 .4 ) 

Large Q Waves 
L e s s e r Q Waves 

with Negative T Waves 
Deeply Negative T a s so l e 

anomaly 
Other Negative T a s so l e 

anomaly 
S-T Depress ion as so l e 

anomaly 
High Amplitude R 

with S -T Depres s ion 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

P o s t - e x e r c i s e 
S-T Depres s ion as so le 

anomaly 
Negative T a s so l e 

anomaly 
Ventricular Conduction Defect as 

so le anomaly 
Arrhythmias 

as so le anomaly 

I 1 
I 2, 3 + 
V 1 ,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
IU 1 + 
IV 1-4 
VI 1 
VII 1 , 2 , 4 
VIII 2 -6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1 , 2 , 4 
only 

XV 1 
only 

1 ( 

0 

0 

1 ( 

0 

0 
0 
0 
0 

0 

0 

0 

0 

21. 

21. 

7) 

• 7) 

1 ( 2 8 . 6 ) 

0 

0 

0 

0 

0 
0 
0 
0 

0 

0 

0 

0 

1 ( 

0 

0 

0 

0 

1 ( 
0 
2 ( 
0 

3 ( 

0 

0 

0 

13. 

13. 

27. 

44. 

7) 

7) 

4) 

1) 

1 ( 

1 ( 

0 

1 ( 

1 ( 

0 
0 
5 ( 
0 

5 ( 

2 ( 

2 ( 

0 

10 .4 ) 

10 .4) 

10 .4) 

10 .4) 

52. 1) 

61 .7 ) 

24 . 7 ) 

24 . 7 ) 



TABLE Cl . 19 

NON-SEDENTARY CLERKS, U.S.A. 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Total with reportable 

ECG Items 

Q Waves 

Axis Deviation 
Left 
Right 

High Amplitude R Waves 
Left type 
Right type 

S-T Depression (rest) 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0.5 - 1 mm. , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 

T-Wave Negativity (rest) 
- 5 mm. or more 
- 1 mm. to -5 mm. 
0 + l .mm. 

A-V Conduction Defect 
Complete Block 
Part ial Block 
P-R over 0.21 second 
Accelerated Conduction 

Ventricular Blocks 
Left Bundle 
Right Bundle 
Incomplete Right Bundle 
Intraventricular Block 

Arrhythmias 
Premature Beats 
Ventricular tachycardia 
Atrial fibrillation, flutter 
Supra-vent. tachycardia 
Ventricular rhythm 
A-V nodal rhythm 
Sinus tachycardia 
Sinus bradycardia 

Technically poor records 

II 

III 

IV 

VI 

VII 

VIII 

40-44 
( 32) 

45-49 
( 39) 

50-54 
( 3 8 ) 

1 ( 31.2) 
1 ( 31.2) 

2 ( 62. 5) 
0 

1 ( 25.6) 
0 
0 

1 ( 25.6) 
0 

2 ( 51.3) 
0 

1 ( 26.3) 
1 ( 26. 3) 
2 ( 52. 6) 

1 ( 26.3) 
0 

3 ( 78. 9) 
0 

55-59 
(46 ) 

10(312.5) 9(230.8) 14(368.4) 23(500.0) 

1 ( 21.7) 
0 

3 ( 65.2) 
0 

3 ( 65.2) 
0 

IX 8 

1 

2 
3 

4 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

8 

1 ( 

0 
0 

0 

0 
2 ( 
0 

0 
0 
0 
0 

0 
0 

1 ( 
0 

0 
0 
0 
0 
0 
0 
1 ( 
1 ( 

1 ( 

31.2) 

62.5) 

31.2) 

31.2) 
31.2) 

31.2) 

0 

0 
0 

0 

0 
0 
0 

0 
0 

1 ( 
0 

0 
0 
0 

1 ( 

0 
0 
0 
0 
0 
0 
0 
0 

0 

25. 

25 . 

6) 

6) 

0 

0 
1 ( 

0 

0 

1 ( 
2 ( 

0 
0 

1 ( 
0 

0 
0 

1 ( 
2 ( 

0 
0 
0 
0 
0 
0 
2 ( 
0 

0 

26.3) 

26.3) 
52.6) 

26.3) 

26.3) 
52.6) 

52.6) 

0 

2 ( 
1 ( 

0 

1 ( 
1 ( 
0 

0 
0 

1 ( 
0 

0 
4 ( 
0 
0 

3 ( 
0 

1 ( 
0 
0 
0 

1 ( 
0 

1 ( 

43.5) 
21.7) 

21.7) 
21.7) 

21.7) 

87.0) 

65.2) 

21.7) 

21.7) 

21.7) 
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TABLE Cl . 20 

NON-SEDENTARY CLERKS, U.S.A. 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 45-49 50-54 55-59 
ECG FINDING Code (30 ) (38 ) (30 ) (41 ) 
Exercise tests not made or X I 

incomplete X . 2 2 ( 62.5) 1 ( 25. 6) 8 (210.5) 5 (108.7) 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more, horiz. 

or downward segment 1 0 0 1 ( 33. 3) 2 ( 48. 8) 
S-T - J 0.5 - 1 mm . , horiz. or 

downward segment 2 2 ( 66.7) 0 2 ( 66.7) 1 ( 24.4) 
No S-T-J plus segment downward 3 0 0 0 0 
S-T - J 1 mm. or more, upward 

segment 4 0 2 ( 52. 6) 1 ( 33.3) 0 
T Wave Negativity post-exercise 

(none at reBt) XII 
-5 mm. or more 1 0 0 1 ( 33. 3) 0 
-1 to -5 mm. 2 0 0 0 1 ( 24. 4) 
0 + 1 mm. 3 0 0 0 0 

Arrhythmias post-exercise XV 
(none at rest) 1 0 0 1 ( 33. 3) 2 ( 48. 8) 

Technically poor post-exercise 
records XI 8 1 ( 33.3) 1 ( 26.3) 2 ( 66.7) 1 ( 24.4) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 
Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post-exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1, 2, 4 
only 

XV 1 
only 

0 

2 ( 

0 

0 

0 

0 
0 
0 
0 

1 ( 

1 ( 

0 

0 

6 2 . 

33. 

33 . 

5) 

3) 

3) 

1 ( 

0 

0 

0 

0 

0 
0 

1 ( 
0 

1 ( 

2 ( 

0 

1 ( 

25. 

25 . 

26. 

52. 

26. 

6) 

6) 

3) 

6) 

3) 

1 

0 

0 

1 

0 

0 
0 
2 
0 

1 

3 

0 

2 

( 26.3) 

( 26.3) 

( 52.6) 

( 33.3) 

(100.0) 

( 66.7) 

0 

0 

0 

0 

2 

1 
0 
4 
1 

2 

6 

0 

2 

( 43.5) 

( 21.4) 

( 87.0) 
( 21.4) 

( 48.8) 

(146.3) 

( 48.8) 
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TABLE C l . 21 

P r e v a l e n c e of d i a s t o l i c h yp e r t e n s i on (95 o r m o r e , 100 o r m o r e m m Hg, fifth pha se ) 
among men c l a s s e d by a g e . P e r c e n t a g e of U. S. r a i lway men who a r e h y p e r t e n s i v e , 
c ompa r ed with t he a v e r a g e for a l l 18 s a m p l e s of men . 

SAMPLE 40 -44 45-49 50 -54 55 -59 
95 m m 100 m m 95 m m 100 m m 95 m m 100 m m 95 m m 100 m m 

U. S. Swi tchmen 14. 2 
U. S. S eden t a r y c l e r k s 19. 8 
U . S . Non- " " 9 .7 
U. S. Execu t i v e s 13 . 0 

Mean , 18 s a m p l e s 13 .6 7 . 9 15 .6 8 .9 2 0 . 9 13 .5 2 1 . 5 13 .8 

9 . 6 
12 . 6 
3 . 2 
8.7 

2 0 . 6 
2 1 . 2 
17 .9 
8 .6 

14 . 0 
12. 0 
5 . 1 
5 . 7 

2 2 . 2 
2 6 . 4 
3 6 . 8 
42. 3 

15 .0 
17 . 6 
2 8 . 9 
2 8 . 2 

2 7 . 0 
2 4 . 6 
4 4 . 7 
2 1 . 1 

20. 8 
17 .5 
2 7 . 7 
13 .7 

TABLE C I . 22 

P r e v a l e n c e of ove rwe igh t (110 o r m o r e and 120 o r m o r e p e r cent of " s t a n d a r d " 
a v e r a g e for he igh t and a g e ) . P e r c e n t a g e of U. S. r a i lway men c l a s s e d by a g e , 
who a r e ove rwe igh t , c o m p a r e d with the a v e r a g e for a l l 18 s a m p l e s of m e n . 

SAMPLE 40 - 44 45-49 50 -54 55-59 
110% 120% 110% 120% 110% 120% 110% 120% 

U . S . Swi tchmen 3 9 . 9 15 .0 3 1 . 8 11 .7 3 8 . 0 9 . 3 3 6 . 1 11 . 0 
U .S . S eden t a ry c l e r k s 2 8 . 8 9 . 2 2 2 . 1 6 . 6 2 9 . 9 10 .7 24 . 5 10 .3 
U . S . Non- " " 3 8 . 7 2 9 . 0 2 8 . 2 5 . 1 3 4 . 2 18 . 4 2 9 . 8 17 .0 
U .S . Execu t i v e s 3 2 . 6 4 . 3 2 2 . 9 2 . 9 3 1 . 6 8 .2 2 0 . 6 8 .2 

Mean , 18 s a m p l e s 2 0 . 9 8 .4 19 . 4 6 .9 18 .1 6 .7 16 .8 7 , 3 
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179. Details of the comparisons between 
occupations will be presented below. 

The distribution of hypertensive 
switchmen, sedentary clerks and execu­
tives ( 95 mm. or more in the fifth phase 
of diastole) into age specific decile 
classes of relative body weight, 5 skin­
folds and serum cholesterol concentra­
tions are presented in Figures Cl .5, 
Cl .6 and Cl .7. Distributions were 
prepared for non-sedentary clerks but 
the small numbers resulted in highly 
variable prevalence rates in the decile 
groups. For this reason, the non-seden­
tary clerks have been omitted from the 
analysis. If one considers the lower 
20 % and the upper 20 % of the 
relative body weight distribution, the 
per cent frequencies show 3.3, 3.2 and 
2.7 fold increases for switchmen, clerks 
and executives respectively. These are 
all highly significant increases of the 
prevalence of hypertension with increas­
ing relative body weight. Chisquare 
values are for switchmen (25.33), 
sedentary clerks (28.06) and execu­
tives (4.72). However, the rise of prev­
alence of hypertension with increasing 
obesity as measured by the sum of the 
skinfolds was significant for switchmen 
(chi-square 22.63) and sedentary clerks 
(chi-square 14.21) but not for execu­
tives. The prevalence of hypertension 
increased with increasing serum choles­
terol only in switchmen where the chi-
square was highly significant (chi-
square 7.49, p<0 .01 ) . In executives 
there was a definite trend toward more 
frequent hypertension among men with 
high serum cholesterol concentration 
but the significance is doubtful (chi-
square 2.56, p>0 .10) . Since there is 
no difference between sedentary clerks 
and switchmen (Table CI.28) or sed­
entary clerks and executives (Table 
Cl .29), and there is no age trend in 
serum cholesterol concentration, it 
would appear to be permissible to pool 
all occupations. When this is done it is 
found that the men in the upper 20 % 

of the cholesterol concentration distri­
butions have 69 % more cases of 
hypertension than those in the lower 
20 %, and this is highly significant 
(chi-square 12.23, p<0.0005) . 

Overweight vs. Other Variables 

The prevalence of overweight as 
defined by 110 % or more and 120 % 
or more of expected weight for height 
and age is presented in Table Cl.22 
for the four occupations by five year 
age groups. The average prevalence 
rate for the 18 samples is included 
for purposes of comparison. 

Overweight (relative body weight of 
110 % or more) was most common 
(36.5 %) among switchmen and least 
common among sedentary clerks (26.3 
% ) . Executives (26.9 %) did not 
differ from the sedentary or the non-
sedentary clerks (32.7 % ) . By this 
criterion the tendency of the switchmen 
to be heavier than the sedentary clerks 
is statistically highly significant. The 
prevalence of overweight in non-seden­
tary clerks tends to be greater than in 
sedentary clerks but the statistical 
significance is doubtful. 

The prevalences of overweight (de­
fined as a relative body weight of 110 
% or more) by deciles of the other 
variables are presented in Figures Cl .8, 
Cl .9 and Cl.10. Inspection of the 
figures reveals that the prevalence of 
overweight tends to increase with in­
creasing systolic and diastolic blood 
pressure for all occupations. Chi-
square tests of the difference in prev­
alence found in the lower two deciles 
and the upper two show the increase 
in prevalence of overweight among 
switchmen is highly significant with in­
creasing systolic blood pressure (chi-
square 33.15) and diastolic blood pres­
sure (chi-square 17.84). Similar values 
were found for sedentary clerks (sys­
tolic blood pressure, chi-square 21.58; 
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diastolic blood pressure, chi-square 
26.72), but in the executives the prev­
alence of overweight shows a signifi­
cant increase from the low to the high 
end of the distribution only in diastolic 
pressure (chi-square 10.03). On the 
other hand, the only increase in over­
weight with increasing cholesterol con­
centration in any of the occupations 
which approached statistical signifi­
cance was found in the switchmen ( chi-
square 3.73, p>0 .05) . 

Differences in Measured Variables 
between Areas within Occupations 

The men in this study were examined 
at 27 separate locations. Five locations 
were in the Milwaukee-Chicago area 
(I) and include yards and offices that 
are located in the suburbs of Chicago. 
Area II included 13 locations. Four 
locations were visited in area III and 
three in area IV. The small numbers 
of locations in these areas reflect the 
low population density and the practice 
of railroad management to concentrate 
operations in widely separated division 
points in the Rocky Mountains and in 
the few large population centers of 
the West Coast. These locations are 
found in geographical areas differing 
substantially in the incidence of death 
from arteriosclerotic heart disease 
among middle-aged males. Such death 
rates (per year per 100,000) are highest 
in area IV (594.3) and lowest in area 
III (440.8) with areas I (535.2) and 
II (520.1) intermediate (Enterline and 
Stewart, 1956). It seemed worthwhile 
then to examine the differences in the 
distributions of the personal character­
istics related to the development of 
heart disease in the several geographic 
areas. In addition, urban centers were 
visited in area II whose population was 
in the order of magnitude of 1,000,000 
and towns whose population was less 

than 50,000 along with communities of 
intermediate size. 

Since the mode of living of a clerk 
holding a sedentary job in Olewein, 
Iowa (population 8,000 in 1957) is 
clearly quite different from a clerk 
holding a comparable job in a general 
office and commuting to work in 
Chicago or driving to work in heavy 
traffic in Minneapolis-St. Paul, the 
distribution of the measured variables 
in cities of different sizes has been 
examined to identify differences of con­
sequence. In area II-B there were five 
locations whose populations were in 
the range 500,000 to 1,000,000 popula­
tion. There were two locations in 
area II-C whose population was in the 
range of 50,000 to 500,000 and five in 
area II-C whose populations were less 
than 50,000. 

To provide a guide to the absolute 
levels of the measured variables in sev­
eral areas the averages of the medians 
of the four age groups in the geograph­
ic areas of switchmen and clerks are 
presented in Table CI. 23. Comparable 
data for cities and towns in area I and 
II are presented in Table CI. 24. The 
executives are not included in this anal­
ysis because of their high inter-area 
mobility. A more precise and detailed 
analysis of the differences between 
areas is given in Table CI. 25. For each 
occupation within a geographic area, 
the number of men whose value of a 
variable was above the median for oc­
cupation and age was determined. This 
number is expressed in the body of the 
table as a ratio to the number expected 
(50%) and a similar ratio was comput­
ed for men found above the 80th percen­
tile. Chi-squares were calculated and are 
shown where the probability of a chance 
occurrence is small enough to make it 
worthwhile. The clerks showed very 
few important differences. However, 
fewer clerks on the Wes t Coast had 
skinfold thickness that were above the 
median for all clerks. Similar data were 
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TABLE C l . 23 

A v e r a g e s of med i an s of age g roups of t he m e a s u r e d v a r i a b l e s for s e d e n t a r y c l e r k s 
a nd sw i t c hmen in t he g e og r aph i c a l a r e a s . R e f e r to Tab l e C I . 2 fo r def ini t ion of 
a r e a s . 

Occupation 

Sedentary 
Clerks 

Switchmen 

Area 

I 
II 
III 
IV 

I 
II 
III 
IV 

Relative 
"Weight 

(per cent) 

101.8 
102.2 
102.9 
101.2 

108.8 
105.7 
99.2 

101.4 

Sum of 
skinfolds 

(mm) 

33. 8 
33. 1 
35.0 
29.6 

33. 1 
31.5 
27. 0 
29.6 

Blood P r 
Systolic 

(mm. Hg) 

137.4 
135.9 
132.6 
136.4 

138.9 
136.2 
130.4 
133.6 

e ssure 
Diastolic 
(mm. Hg) 

88.8 
86.6 
86.8 
90.0 

88.8 
86. 0 
84. 6 
86.5 

Serum 
Cholesterol 

(mg.%) 

233 
235 
244 
236 

241 
236 
235 
241 

TABLE CI. 24 

Averages of medians of age groups of the measured variables for sedentary c lerks 
and switchmen in a r ea I and II broken down into s ize of city as follows: a r e a I 
(Chicago-Milwaukee), a r ea H-B (cities with populations of 150, 000 to 1, 000, 000), 
a r ea II-C (cities with populations of 50, 000 to 150, 000) and II-D (cities with popu­
lation of l ess than 50, 000). 

Occupation Area Relative Sum of 
Weight Skinfolds 

(per cent) (mm) 

Blood P r e s s u r e Serum 
Systolic Diastolic Cholesterol 

(mm. Hg) (mm. Hg) (mg.%) 

Sedentary 
Clerks 

Switchmen 

I 
II-B 
II-C 
II-D 

I 
II-B 
II-C 
n-D 

101.8 
104.2 
102.0 
97.8 

108.8 
105.9 
105.9 
104.7 

33.8 
32.6 
34.2 
32.0 

33. 1 
32.5 
33.5 
31.2 

137.4 
140.9 
136.8 
132.8 

138.9 
135.6 
135.0 
135.6 

88.8 
89.9 
85.6 
84. 8 

88.8 
87.6 
88.8 
86. 1 

233 
243 
225 
244 

241 
234 
233 
241 
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TABLE C l . 25 

The rat io of numbers of sedentary clerks o r switchmen observed in each a rea to the number 
expected above the age specific median and 80th percent i le as determined for all men for 
each of five var iab les . Numbers expected based on distribution of men in a l l a r e a s . The 
ch i -square values a r e given in pa ren theses . Definition of a r e a s a r e presented in Table CI. 2, 

Occupation 

Switchmen 

Median 

80th 
Percent i le 

Area 

I 
I I 
I II 
IV 

I 
II 
in 
IV 

Sedentary Clerks 

Median 

80th 
Percent i le 

I 
II 
in 
IV 

i 
H 
in 
IV 

Relative 
W 

1.23 
1.06 
0.65 
0.74 

1.30 
1.20 
0.62 
0.76 

0.98 
1.04 
1. 11 
0.89 

1.02 
1.04 
1. 11 
0.81 

eight 

(18. 

(13. 
(12. 

( 7. 

91) 

27) 
53) 

08) 

Sum of 
Skinfolds 

1. 12 
1.06 

( 5.20) 

0.69 (10.66) 
0.89 

1.36 
1. 15 
0.57 
0.45 

1.05 
1.04 
1. 19 
0.81 

1. 17 
1.01 
1.38 
0 .61 

(10.57) 

( 4.87) 
(14.36) 

( 8.17) 

( 7.77) 

Bl0( 
Systolic 

1. 10 
1.06 
0.73 ( 
0.93 

1.30 ( 
0.92 
0.71 
0 .91 

1.00 
1.05 
0.81 
0.94 

1.04 
1. 13 
0.37 ( 
0.92 

8. 

6, 

5. 

3d P r e s s u r e 

,62) 

.94) 

03) 

Diastolic 

1. 17 
1.09 
0.79 ( 5 . 
0.93 (14. 

1.24 ( 
1.05 
0.62 ( 
0.82 

0.93 
1.03 
0.85 
1.04 

0.85 
1.20 
0.65 
0.94 

4 . 

3 . 

33) 
76) 

28) 

83) 

Serun 
Choleste 

1.05 
0.96 
0.94 
1.05 

1. 12 
1.03 
0.76 
0 .91 

0.99 
0.97 
1. 15 
1.01 

1.00 
1.06 
0.93 
0.92 
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obtained when the 80th percentile for 
all clerks was applied to those on the 
West Coast. In area I, switchmen 
were found in larger numbers than ex­
pected above the median and also above 
the 80th percentile when the values 
for both relative body weight and the 
sum of the skinfolds were examined. In 
the Rocky Mountains, the switchmen 
were thinner and therefore a significant 
deficit in numbers was found above 
both criteria for the sum of the skin­
folds. Also there were fewer switch­
men with relative body weights above 
the median. At the 80th percentile, 
only 62 % of the expected number 
with relative body weights above this 
cutting point were found but the differ­
ence failed to reach significance because 
of the small numbers involved. The 
blood pressures of switchmen in area 
III were lower than in the other areas. 
In this area, significantly fewer men 
than expected were found above the 
median value for systolic and diastolic 
blood pressures but only the diastolic 
blood pressure showed a significantly 
lower rate above the 80th percentile. In 
area I switchmen had an excess of men 
with blood pressures above the age and 
occupation specific 80th percentile. 
Finally switchmen on the Wes t Coast 
had fewer men than expected with dias­
tolic blood pressures above the median. 

Comparisons between size of cities 
and towns showed no differences in the 
distribution of the measured variables 
except for an apparently accidental de­
ficiency of clerks above the serum cho­
lesterol median in area II-C. The data 
are presented in Table CI. 26. 

Table CI. 27 presents the distribution 
of smoking habits in the switchmen and 
clerks in the several areas. The only 
important difference occurred in the 
switchmen in area III who were charac­
terized by fewer heavy smokers (more 
than 20 cigarettes a day) and more 
non-smokers (quit and never smoked) 
than in the other areas. 

Differences in the Measured 
Variables between Occupations 
within Areas 

Inspection of the data revealed that 
important differences existed between 
sedentary clerks and switchmen in rel­
ative body weights and in skinfolds. 
The medians of these two variables are 
plotted by age and occupation for the 
major geographic areas in figures Cl.11 
and CI. 12 while figures CI. 13 and CI. 
14 present the data by age and occu­
pation (areas combined) for each of the 
four variables. The significance of the 
differences is assessed by data present­
ed in Table C l . 28. These data were 
developed from area and age specific 
distributions of the combined occupa­
tions (switchmen plus sedentary 
clerks). The observed and expected 
numbers of men above both the median 
and the 80th percentile ( of the distribu­
tion of the combined occupations) were 
determined for each age group. 

Switchmen had heavier relative body 
weights than clerks in area I and in the 
total for all areas. The excess in num­
bers of switchmen above the medians 
and 80th percentiles of combined occu­
pations are statistically significant for 
area I (chi-square for median cut 
20.64, for 80th percentile 7.79) and for 
the total of all areas (chi-square for 
median cut 14.91, for 80th percentile 
5.20). While in area II the excess num­
ber of switchmen above the median 
yields a chi-square of 5.74, the distinct­
ion fails to appear at the 80th percen­
tile. 

On the other hand, switchmen appear 
to be leaner than clerks on the basis 
of S skinfold medians in the total for 
all areas (chi-square 4.94) but this 
distinction is largely accounted for by 
the occupational difference in the 
Rocky Mountain area (III) where only 
39.6 % of the switchmen were found to 
have S skinfold measurements above the 
combined median (chi-square 9.51) and 
only 15.1 % above the 80th percentile 
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T A B L E C l . 26 

The r a t i o of n u m b e r s of s e d e n t a r y c l e r k s o r s w i t c h m e n o b s e r v e d t o t h e n u m b e r 
e xpec t ed above the age and o ccupa t i on spec i f i c m e d i a n s and 80th p e r c e n t i l e s of a l l 
m e n for e a ch of f ive v a r i a b l e s . A r e a s I and (by s i z e of c i ty) I I . N u m b e r s e xp e c t e d 
b a s e d on d i s t r i b u t i o n of m e n in a l l a r e a s . Def in i t ions of a r e a s and c i ty s i z e s a r e 
p r e s e n t e d in Tab le C I . 2 . 

R e l a t i v e S u m of B lood P r e s s u r e S e r u m 
Body Weight Skinfolds Sy s to l i c D i a s t o l i c Cho i . 

Occupa t i on 

Sed . C l e r k s 
1 1 

M 

t 1 

Swi t chmen 
i i 

11 

" 

A r e a 

I 
I I -B 
I I -C 
I I -D 

I 
I I -B 
I I -C 
I I -D 

Ra t i o s 

0 . 96 
1. 12 
1.21 
0 . 87 

1. 14 
0. 94 
0. 94 
0 . 97 

B a s e d on M e d i a n 

0 . 99 
0. 94 
1. 13 
0. 94 

1.02 
1.00 
1.02 
0. 86 

1.00 
1.09 
0 . 98 
0 . 90 

1.02 
1.03 
0. 94 
0. 96 

0 . 9 8 
1. 16 
0. 94 
0. 86 

1. 03 
0 . 93 
1 .01 
1.00 

0 . 99 
1. 18 
0 . 6 9 
1. 13 

1. 05 
0. 96 
0 . 9 9 
0 . 92 

Ra t i o s B a s e d on 80th P e r c e n t i l e 

Sed . C l e r k s I 0 . 9 5 1.10 0 . 97 0 . 85 0 . 9 2 
" I I -B 0 . 9 3 0 . 7 8 1.18 1.31 1.11 
" I I -C 1.03 1.00 0 . 8 5 0 . 9 1 0 .86 
" I l - D 0. 85 1. 08 1.00 1. 17 1. 31 

0. 
0. 
1. 
0. 

1. 
1. 
1. 
0. 

95 
93 

,03 
85 

13 
77 
07 
83 

Sw i t chmen I 1.13 1.07 1.17 1.07 1.04 
" I I -B 1.77 0 . 8 5 0 . 9 7 0 . 9 4 0 . 97 
" I I -C 1.07 1.08 0 . 7 8 1 .01 0 . 8 8 
" I I -D 0 . 8 3 0 . 92 0 . 6 7 0 . 8 3 1 .18 
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TABLE Cl. 27 

U.S. railroad area comparison of smoking habits. Observed (O) and expected (E) 
numbers of non-smokers, moderate and heavy smokers and chi-squares. Expected 
numbers based on men in all a reas for each occupation and age c lass. Non-smoker = 
never and quit; moderate = 10-20 cigarettes per day; heavy=more than 20. 

Non-
smokers 

Moderate 
smokers 

Heavy 
smokers 

Area 
I 
II 
III 
IV 

I 
II 
III 
IV 

I 
II 
III 
IV 

O 
80 

112 
47 
57 

70 
82 
32 
57 

84 
99 
22 
48 

Switchmen 

E 
91.5 

108. 2 
37.4 
59.0 

73. 0 
89.2 
30. 8 
48. 0 

75.3 
95.2 
33.5 
48.9 

Ratio 
0. 87 
1.04 
1. 26 
0.97 

0.96 
0.92 
1.04 
1.19 

1.12 
1.04 
0.66 
0.98 

Chi2 

n. s. 
n. s. 
3. 88 
n. s. 

n. s. 
n. s. 
n. s. 
n. s. 

n. s. 
n. s. 
6. 03 
n. s. 

O 
129 
170 
25 
87 

81 
98 
14 
57 

37 
71 
13 
22 

Cle 

E 
125.4 
174.9 
25.7 
85. 3 

75.5 
105.5 
16. 1 
52.9 

43.4 
61. 0 

9 . 0 
30. 1 

rk s 

Ratio 
1. 03 
0.97 
0.97 
1. 02 

1. 07 
0.93 
0.87 
1. 08 

0.85 
1. 16 
1.44 
0.73 

Chi2 

n. s, 
n. s, 
n. s, 
n. s 

n. s, 
n. s 
n. s, 
n. s 

n. s 
n. s 
n. s, 
n. s 
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TABLE Cl . 28 

Men expected (E) and observed (o) above age and a rea specific medians of the 
combined distribution of c lerks and switchmen in the geographic a r eas for 
each of five measured var iables . 

Sedentary Clerks 
Area 

Relative Body W 
I 
II 
III 
IV 
A l l 

2 Skinfolds 
I 
II 
III 
IV 
A l l 

Systolic Blood P 
I 
II 
III 
IV 
A l l 

Diastolic Blood 
I 
II 
III 
IV 
Al l 

eighti 
E 

3 

128.5 
175.0 
26.5 
88.5 

418.5 

130. 0 
180.5 
27. 0 
89.5 

427. 0 
' ressure 

129.5 
181.0 
27. 0 
89.5 

427. 0 
P r e s su r e 

Serum Cholesterol 
I 
II 
III 
IV 

129. 0 
180.5 
27. 0 
89.5 

426. 0 

129.5 
177.5 
26.5 
88.5 

O 

102 
157 
30 
86 

375 

133 
187 
36 
90 

446 

129 
192 
30 
95 

446 

116 
187 
29 

104 
436 

122 
171 
29 
84 

O / E 

0.79 
0.89 
1. 13 
0.97 
0.90 

1. 02 
1. 04 
1.33 
1.01 
1.04 

1. 00 
1.06 
1. 11 
1.06 
1. 04 

0.90 
1.04 
1.07 
1. 16 
1. 02 

0.94 
0.96 
1.09 
0.95 

Al l 422.0 406 0.96 

Switchmen 
E 

123.5 
150.5 
52. 0 
80. 0 

406.0 

125.5 
155. 0 
53. 0 
82. 0 

415.5 

125.5 
155. 0 
53. 0 
82. 0 

415.5 

125.5 
155. 0 
52.5 
82. 0 

415. 0 

122.5 
152. 0 
53. 0 
79.5 

407. 0 

O 

149 
164 
47 
82 

442 

121 
144 
42 
81 

388 

124 
140 
48 
75 

387 

137 
149 
48 
70 

404 

130' 
153 
49 
83 

415 

O /E 

1.20 
1. 09 
0.90 
1.02 
1. 09 

0.96 
0.93 
0. 79 
0.99 
0.93 

0.99 
0.90 
0.91 
0.92 
0.93 

1.09 
0.96 
0.91 
0.85 
0.97 

1.06 
1. 01 
0.92 
1. 04 
1. 02 
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MEDIAN RELATIVE BODY WEIGHT BY GEOGRAPHIC AREA 

U.S. RAILROAD SWITCHMEN and SEDENTARY CLERKS 
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MEDIAN SUM OF SKINFOLDS BY GEOGRAPHIC AREA 

U.S. RAILROAD SWITCHMEN a n d SEDENTARY CLERKS 
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(chi-square 3.86). It is of interest to 
note that, contrary to the general pat­
tern of relative body weight relation­
ships noted in the preceding paragraph, 
switchmen also had lower relative body 
weights than clerks in area III, but the 
difference is not statistically significant. 
This, however, is consistent with the 
earlier observation that Rocky Moun­
tain switchmen were noticeably lighter 
for their height and age than switchmen 
in other areas. 

It is of considerable interest that re­
moval of area III switchmen and clerks 
from the all area totals reduces the oc­
cupational difference to a non-signifi­
cant level both at the median and 80th 
percentile cutting points. 

In all areas, fewer than 50 % of the 
switchmen had systolic blood pressures 
above the combined median. In area II, 
this deficiency is statistically significant 
(chi-square 3.93 at median, 4.14 at 80th 
percentile). For all areas combined, 
only 41.6 % of switchmen exceed the 
median systolic blood pressure resulting 
in a chi-square value of 5.51. The dis­
tributions of diastolic blood pressures 
follow essentially the same pattern ex­
cept for area I where switchmen seem 
to have somewhat higher pressures than 
clerks on the basis of the median cut 
(chi-square 4.35). There is, however, 
no statistical significance in the differ­
ential occurrence of diastolic hyperten­
sion (defined as values exceeding the 
80th percentile) in any area. 

Occupational differences in the distri­
bution of serum cholesterol concentra­
tions were not demonstrable though in 
most areas the values found among 
switchmen tended to be higher than 
those found in clerks. The one area 
exception was found in the Rocky 
Mountains (area III) where the reverse 
was true, but none of the differences 
approached statistical significance. 

The observed and expected numbers 
about the area and age-specific medians 
were next combined by age and occu­

pation (for all areas) in order to deter­
mine whether any of the occupational 
differences are related to age in a sys­
tematic fashion. In all age groups, less 
than 50 % of the clerks were found to 
have values of relative body weight 
above the combined median and less 
than 20 % above the 80th percentile, 
but these deficiencies were of statistical 
significance only for the youngest (age 
group 40—44, chi-square 5.46) and old­
est (age group 55—59, chi-square 
4.08) subjects. With the exception of 
the age group 50—54, a disproportion­
ately large number of clerks fell above 
the 5 skinfold median and 80th percen­
tile values, but statistical significance is 
found only in age group 45—49 (chi-
square 6.87 for a median partition). Sim­
ilarly, though clerks consistently had 
systolic blood pressures above the me­
dian and 80th percentile values more 
frequently than switchmen in all age 
groups, the tendency was statistically 
significant only among 50—54 year old 
men at the median (chi-square 4.60). 
Wi th respect to diastolic blood pres­
sures and serum cholesterol concentra­
tions, no occupational distinctions were 
demonstrable. 

Executives vs. Sedentary Clerks 

Executives have been compared to 
clerks as a group without consideration 
of area breakdown for reasons given 
above. The medians of the measured 
variables by age of the two occupations 
are presented in Figure CI. 13. The val­
ues of the medians suggested that the 
younger executives might have lower 
diastolic blood pressures than clerks and 
that executives might have higher serum 
cholesterol concentrations at all age 
groups. However, tests of significance 
of the differences in these variables in 
the two occupations demonstrated that 
only the systolic blood pressure differ­
ence was important. Table CI.29 pre-
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TABLE C l . 29 

Numbers of U. S. ra i l road executives observed (O) and expected (E) above the 
age-specific medians and 80th percenti les for sedentary clerks for each of 
five measured variables and ch i - squares . Number of expected based on combined 
occupations. 

2 skinfold 
Relative body weight 
Systolic blood p r e s su r e 
Diastolic blood p r e s su re 
Serum cholesterol 

O 
138 
128 
86 

131 
136 

Medians 

E 
129.2 
128.2 
116.7 
127.5 
128. 1 

Ratio 
1. 07 
1.00 
0.74 
1. 03 
1. 06 

Chi -square 
N. S. 
N. S. 

18.98 
N. S. 
N. S. 

80th Percent i le 

2 skinfold 
Relative body -weight 
Systolic blood p r e s su r e 
Diastolic blood p r e s su re 
Serum cholesterol 

O 
50 
39 
32 
46 
41 

E 
50.2 
47.6 
46.2 
49.5 
48. 0 

Ratio 
1. 00 
0. 82 
0.69 
0.93 
0. 85 

Chi -s qua r e 
N. S. 
N. S. 
6.44 
N. S. 
N. S. 
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sents the observed and expected num­
bers of executives found above the val­
ues of the age specific medians and 80th 
percentiles of the sedentary clerks along 
with chi-squares. When the data were 
examined by age groups it was found 
that significantly fewer executives than 
expected had systolic blood pressures 
above the value at the median in the 
40—44 year old group (chi-square 
12.62) and the 55—59 year old group 
(chi-square 6.68) at the 80th percentile, 
the same age groups showed fewer men 
than expected above the cutting point 
but the 40—44 age group just failed 
to reach the conventional value of chi-
square which is considered significant 
(chi-square 3.61) and the oldest 5-year 
group was non-significant (chi-square 
2.41). 

Non-Sedentary Clerks vs. 
Sedentary Clerks 

The cumulative distributions of the 
measured variables show little or no 
difference between non-sedentary clerks 
and sedentary clerks in height, relative 
body weight, 5 skinfolds and serum 
cholesterol concentration. But in blood 
pressures there are differences which 
appear to be large and are reversed 
with age. Non-sedentary clerks in the 
ages 40—49 have lower systolic and 
diastolic blood pressures than sedentary 
clerks while at ages 50—59, the reverse 
appears to be true. 

The significance of the differences 
was evaluated by comparing the num­
ber of non-sedentary clerks whose sys­
tolic and diastolic blood pressures were 
above the median and 80th percentile of 
the sedentary clerk group for each of 
the five-year age groups. None of the 
chi-square values based on the median 
cutting points reached significance in 
the four systolic and four diastolic blood 
pressure comparisons. However, differ­
ence between the occupations in systolic 

blood pressure at ages 40—44 gave chi-
square 3.71 and in diastolic blood pres­
sure for the 45—-49 year old group the 
value was chi-square 3.54. The analysis 
based on the 80th percentile reference 
point yielded only one chi-square value 
of significance (4.29), that for the sys­
tolic blood pressure in the 55—59 year 
old group. 

The small numbers of non-sedentary 
clerks in the separate age groups (N = 
32 at 40—44, N = 39 at 45—49, N = 
38 at 50—54, N = 47 at 55—59 years) 
make it difficult to draw firm conclu­
sions regarding this group, especially 
in view of accidents of classification and 
job selection. 

Comparison of Early Employment 
and Survey Examination Data 

It has been recognized for many 
years that hiring practices of manage­
ment and personal preferences of em­
ployees may result in special situations 
in an excess of disease-prone individ­
uals in a particular occupation. Morris 
et aï., (1956) provided evidence derived 
from uniform size measurements that 
men hired as conductors (a physically 
active job) were not as fat at the 
time of employment as those hired to 
drive the busses (a relatively inactive 
job). When these men were examined 
at the age of 40 to 59, the drivers were 
found to be more overweight than the 
conductors. In this case the character­
istic of "overweightness" among dri­
vers as compared to conductors was, at 
least in part, the result of selection at 
the time of first employment. 

Evidence for this kind of selection 
among the railroad employees was 
sought by examining the records of 
employment examinations or the first 
examination of record during the early 
years of employment. Due to long 
standing policy of management it was 
not possible to examine these records 
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on certain railroads. However, systolic 
and diastolic blood pressures and age 
at the time of examination were obtain­
ed on 417 switchmen and 297 clerks 
who were 40—59 in 1958—59. The 
age range at the time of the first examin­
ation was 17 to 49 on both switchmen 
and clerks and the medians were in the 
age range of 30 to 34 years. 

Height, weight and age data at the 
first examination were found in 381 
clerks and 405 switchmen who had been 
examined in 1958—59. In this group 
the median for the relative body 
weights at the first examination for the 
clerks was in the 20—24 year old age 
class and in the 30—34 age group for 
the switchmen. 

The data are not ideal since the 
groups are not random samples and are 
deficient in data on clerks because 
certain railroads did not keep such 
records. Age-adjusted quartiles and 
age-adjusted cumulative frequencies 
were constructed to look for differences 
between clerks and switchmen. The 
age-adjusted cumulative frequencies for 
the several variables are presented in 
Figures Cl.15 through Cl .18. Initially, 
clerks were slightly taller than switch­
men but at the time of the survey 
examination the switchmen were taller 
than the clerks; perhaps the physical 
activity required of the switchmen 
helped them maintain a more upright 
posture. Switchmen had a larger body 
weight at the first examination and 
this relationship was maintained at the 
survey examination. In both systolic 
and diastolic blood pressure the initial 
data showed almost identical cumulative 
frequencies. On the other hand, at 
the survey examination, the clerks 
tended to have higher blood pressures 
than the switchmen but the difference 
did not reach statistical significance. 
There is evidence, then, that occupa­
tional selection was in large part 
responsible for the difference in relative 
body weight observed at the time of the 

survey. On the other hand, there was 
no evidence that the blood pressure 
was influenced by the occupation; in­
deed, it appears if anything that the 
occupation tended to result in a higher 
systolic and diastolic blood pressure in 
clerks. 

Another example of occupational 
selection of a characteristic appears in 
the data on height. The executives 
are consistently taller than either clerks 
or switchmen. Since changes in height 
with age are small, it appears reason­
able to conclude that the executives 
were taller than either clerks or switch­
men when they were first employed in 
the railroad industry. 

The Estimation of Prevalence of 
Coronary Heart Disease among Men 
Differing in Physical Activity 

Technical difficulties in estimating 
physical activity of individuals have 
caused investigators to rely mainly on 
classification by occupations. The 
present discussion will focus on pro­
blems in estimating the relative prev­
alence of coronary heart disease 
among men employed in physically 
active and sedentary occupations. 

The roster of men aged 40 to 50 in 
any occupation is constantly changing 
as men are leaving and entering the 
occupation for many reasons. Wi th the 
aid of U.S. Railroad Retirement Board 
records some estimates of this turnover 
can be made. Study of a 4 per cent 
sample of all men employed by the 
railroads in the United States in 1954 
revealed that 68 per cent of the clerks, 
77 per cent of the switchmen and 56 
per cent of the maintenance-of-way 
employees were still in the same occu­
pation at the end of 6 years. 

During the 6 year period, 3.3 per 
cent of the clerks age 40 to 59 at the 
start left the railroad industry, 17 per 
cent changed jobs within the industry, 
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4.8 per cent sought and obtained disa­
bility retirements and 5.7 per cent died. 
The lower mobility of the switchmen 
was due principally to the fact that only 
9.4 per cent moved to new jobs within 
the industry. Disability retirement 
among switchmen was of the same 
order of magnitude. The maintenance-
of-way employees showed a different 
pattern, with 6.9 per cent leaving the 
industry and 24.3 per cent taking other 
jobs within the industry. Disability 
retirements accounted for approximately 
9 per cent of the original cohort of 
maintenance-of-way employees. 

With respect to changing activity 
within an industry, Kahn (1963) 
studied white postal clerks and carriers 
in Washington, D. C , who entered 
employment between 1906 and 1940 
and found that 35.6 per cent of the 
carriers switched to clerical jobs while 
only 8 per cent of the clerks switched 
to the carrier category. While in the 
railroad industry, if one classifies the 
physical activity of the jobs that the 
railroad employees moved into, it 
appears that roughly one-half of the 
clerks took a new job at the same 
physical activity level while 92 per 
cent of the switchmen choosing a new 
occupation within the railroad industry 
did not change the level of the physical 
activity required by the job. Two-
thirds of the maintenance-of-way em­
ployees changing jobs moved to an 
occupation in which less physical 
activity was required. It is clear that 
the mobility patterns are not the same 
in different occupations and each situa­
tion must be investigated separately. 
In addition, it can be inferred that the 
opportunity exists for differential ef­
fects on the distribution of one or more 
of the risk factors. However, there 
are no data to document this. 

A more important question is how 
the mobility of men who develop coro­
nary heart disease compares with the 
over-all mobility rate of the occupation. 

The first indication from our data is 
that the withdrawal rate of men either 
with the disease or who are destined 
to develop it is different from over-all 
occupational mobility. Evidence sup­
porting this can be found by tabulating 
the deaths from all causes that occurred 
in the 4 per cent sample of the cohort 
over the follow-up period of 6 years. 
There were no differences in over-all 
mortality between switchmen and clerks 
who changed jobs. On the other hand, 
the deaths in retirement accounted for 
approximately 28 per cent of all deaths 
among switchmen and 18 per cent of 
all deaths among clerks. These data 
suggest that men with coronary heart 
disease or with potential coronary heart 
disease were leaving the switchmen's 
group at a faster rate than the clerks'. 

Death rates over a 2-year period of 
all men employed in the railroad indus­
try in the occupations of interest 
during 1954 were available for 1955 
and 1956 (Taylor et aU 1962). These 
were compared with a 6-year study of 
deaths in the same cohort which in­
cludes deaths occurring in men who 
have moved to other occupations or 
who had retired (Taylor etal., unpub­
lished data). There were 39,750 clerks 
and 30,237 switchmen age 40—59 in 
the cohort at the outset. The numbers 
were large enough to allow one to cal­
culate valid age-adjusted mortality ra­
tios of deaths ascribed to coronary 
heart disease among switchmen and 
clerks. The mortality ratio (switchmen/ 
clerks) of in-service, in-occupation cor­
onary heart disease death rates was 
0.69 while that in the 6-year study was 
0.81. These data suggest that the mo­
bility of switchmen with coronary heart 
disease was greater than that of clerks 
but it was also clear that many men 
who develop coronary heart disease 
de novo after leaving the ranks of the 
occupation were included in the 6-year 
follow-up study of deaths. 

To obtain evidence on the mobility 
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of clerks and switchmen who actually 
developed coronary heart disease before 
moving out of the occupation, data in 
a 5 year follow-up were obtained by 
searching the files of the Railroad 
Retirement Board for disability retire­
ments of the men who had been exam­
ined as participants in the survey 
described here. 

Among the examined personnel, 10 
sedentary clerks and 6 switchmen were 
found who sought and obtained disa­
bility retirement awards because of 
documented coronary heart disease. 
These withdrawals from active service 
indicate the magnitude of the selective 
influence which precedes the initial 
survey examination. These numbers, 
though small, increase in importance 
when compared with the 41 cases of 
clinical coronary heart disease (in­
cluding angina pectoris) found among 
sedentary clerks and li8 cases found 
among switchmen in the initial examin­
ation of the invited sample. 

That this influence may operate 
differentially among clerks and switch­
men or among examinees and "no-
shows" can be suggested by consider­
ation of the following distribution of 
disability retirements for coronary heart 
disease (rates per 100 in parenthesis): 

older decade among clerks. The num­
bers of cases here are very small and 
it is clear that more extensive studies 
of withdrawal due to coronary heart 
disease are needed. It happens, how­
ever, that these preliminary data are 
consistent with the suggestion found in 
the death data, i.e. that the occupational 
mobility of switchmen with coronary 
heart disease is greater than that of 
clerks. 

Mobility and occupational conditions 
present other problems in prevalence 
rates. It is difficult to obtain informa­
tion on all men in the desired age group 
unless both management and labor 
agree to making the survey examination 
mandatory. In the current study on 
men in U.S. Railroads, only 74 per 
cent of the clerks and 59 per cent 
of the switchmen were examined. It is 
of interest to examine coronary heart 
disease withdrawal rates in the exa­
mined and "no-show" group to inves­
tigate the distribution of coronary heart 
disease between these examined and 
those who refused. For this purpose, 
deaths ascribed to coronary heart 
disease which occurred in retirement or 
in other occupations as well as in-
service, in-original occupation were 
pooled with disability retirements be-

Examined 
Sample 

Age Sedentary clerks Switchmen 

40—49 0 (0.0) 5 (0.9) 
50—59 10 (2.1) 1 (0.3) 
Total 10 (1.1) 6 (0.6) 

Invited 
Sample 

Sedentary clerks Switchmen 

0 (0.0) 6 (0.7) 
12 (1.9) 11 (1.9) 
12 (1.0) 17 (1.3) 

Among men who submitted to examin­
ation, retirements tended to occur 
more frequently among clerks than 
among switchmen. Among the "no-
shows", the occupational difference is 
of the same order of magnitude but in 
the opposite direction. It is interesting 
to also note that these retirements 
tended to occur in the younger decade 
among examined switchmen and in the 

cause of coronary heart disease. Since 
the actual examinations were carried 
out in 1957—59 (70 men were examin­
ed in the spring of 1960), the follow-
up time is variable. However, clerks 
and switchmen were examined in equal 
numbers each year so that neither 
occupational group has an elapsed time 
advantage. The population at risk was 
calculated on the basis of age in 1958 
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and the death and disability retirement 
data are complete up to 1 July 1964. 
The results are presented in Table 
Cl.30. For both occupations the with­
drawal rates for the "no-shows" are 
larger than those for the men examined 
but the difference between the two 
categories is not the same. It is clear 
that a larger number of switchmen 
than clerks with actual or potential 
coronary heart disease refused examin­
ation. It is equally clear that the 
prevalence rates are worse than useless 
in this situation since not only were 
coronary cases moving out of the popu­
lation before the examination but differ­
ential occupational bias existed in re­
cruitment. 

Experience with the railroad em­
ployees indicates that a man who deve­
lops angina pectoris is confronted with 
a great variety of problems in trying to 
decide whether he should withdraw 
from the occupation of his choice, parti­
cularly if his occupation required phy­
sical activity. He is usually at an age 
when it is difficult to obtain another 
form of employment outside the rail­
road industry, seniority regulations also 
make seeking a job in another railroad 
craft difficult and disability retirement 
benefits do not provide financial sup­
port at a desirable level. The result 
frequently is that he seeks consultation 
with a private physician and then 
waits for some time before he makes 
up his mind about what he is going to 
do. Alternatively, he may avoid physi­
cians at all costs during a long period 
of indecision. Employment is occasion­
ally changed (if the opportunity 
arises) without consulting a physician. 
Behavior in other industries and occu­
pations may differ but this matter needs 
consideration if angina pectoris is to 
be counted as evidence of coronary 
heart disease. 

These facts must be considered in 
evaluating prevalence in any study in 
which physical activity is inferred from 

occupational classification. Studies such 
as those of Brown et al„ (1957), of a 
heterogeneous population, simply make 
the situation more complicated since it 
is necessary to have some knowledge 
of factors affecting disability retire­
ments and occupational changes in 
each of the many occupations. 

Studies in which incidence is esti­
mated over a very short period of time 
(compared to the length of time that 
elapses before a man with angina dies, 
has an infarction, or consults a physi­
cian for the first time), and in which 
the population was not examined at 
the beginning of the incidence period, 
are open to question because the reser­
voir of unreported angina is unlikely 
to be identical in active and sedentary 
occupations and some of these cases 
may move out of the population under 
study because of what appears to be 
voluntary retirement or change in occu­
pation. Questions of this type can be 
raised regarding the studies of Zukel 
etat (1959), in which an area was 
studied, and Morris et al. (1953), in 
which occupations were studied. It 
appears that the majority of the factors 
affecting observed prevalence rates 
operate to exaggerate any true excess 
that may exist in an active population 
over that in a sedentary population. 

Summary 

Data on a population for study of 
8,053 clerks, switchmen and executives 
were assembled with the cooperation of 
20 railroad companies operating in the 
northwest quadrant of the United States. 
A sample of 1163 sedentary clerks, 
1414 switchmen and 363 executives 
who were located in 26 separate towns 
and cities was selected for examination 
which was conducted in a mobile labo­
ratory parked close to the place of 
work. Of those invited, 73.9 per cent 
of the sedentary clerks (N=859) , 59.1 
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TABLE C l . 30 

Five year withdrawal ra tes ascribed to a r te r iosc lero t ic hear t d i sease (deaths 
plus medical re t i rements) in the examined and "no-show" groups in a sample 
of sedentary c lerks (N = 1088) and switchmen (N = 1424). 

Age 

40-44 
45-49 
50-54 
55-59 

Age ad­

% 
sample 
exam. 

75.9 
72.8 
75.7 
71.8 

73.9 
just , ra te 

CI. erks 
Withdrawals 

exam. 

____ 
1.66 
5.00 
7.76 

3.61 

n o -
show 

4.08 

1.54 
5.95 

2.90 

7100 

total 

0.88 
1.25 
4.26 
7.28 

3.42 

% 
sample 
exam. 

63.4 
62 .4 
55.6 
52.8 

59 .1 

Switchmen 
Withdrawals, 

no-
exam. 

1.70 
3.38 
1.81 
4.70 

2.90 

show 

1. 16 
4.20 
4.76 
9.42 

4.89 

/100 

total 

1.50 
3.69 
3.08 
6.97 

3.81 
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per cent of the switchmen (N=835) 
and 68.3 per cent of the executives 
(N=251) responded to the invitation 
and were examined. In addition, 156 
men, classified as clerks by manage­
ment but whose job required physical 
activity at a level above that considered 
sedentary, were examined and are 
reported here as non-sedentary clerks. 
It is estimated that the switchmen per­
formed physical work which resulted in 
an energy expenditure per day of 600 
kilocalories greater than that of the 
sedentary clerks. In general, the seden­
tary clerks had been in the railroad 
industry longer than switchmen but 
they changed jobs more often than 
switchmen. The switchmen and clerks 
had a homogeneous distribution of 
parental nationality. But the executives 
showed some differences in this respect. 
Executives were more often married 
than switchmen who were more fre­
quently married than clerks. Both 
clerks and switchmen were on the same 
economic level. 

These American railroad employees 
were taller, fatter, and heavier for their 
height and age and had higher serum 
cholesterol concentrations than the 
average of all the groups as a whole. 
Switchmen were heavier cigarette smo­
kers than either sedentary clerks or 
executives. The analysis of the classi­
fication of the electrogardiograms 
showed no important difference in Q 
items between occupations nor were 
there any differences of consequence in 
other resting items. However, the 
prevalence of post-exercise S-T de­
pressions was significantly larger in 
clerks than in switchmen. The prev­
alence of hypertension was not remark­
ably different in the three occupations. 
The executives had fewer numbers of 
men with diastolic blood pressures 
above the criteria. But all the groups 
had a higher prevalence of hypertension 
than the mean of all the other groups 
in the study. The prevalence of hyper­

tension increased with increasing rela­
tive body weight in all groups but only 
switchmen and clerks had an increase 
of hypertension with increasing fatness 
as measured by the sum of the skin­
folds. When the three occupations 
were pooled, prevalence of hypertension 
increased with increasing serum choles­
terol concentration. The prevalence of 
overweight was greatest among switch­
men and least among clerks. The fre­
quency of overweight men increased 
with increasing systolic and/or diastolic 
blood pressure in switchmen and clerks 
but this was only true of diastolic blood 
pressure in executives. 

The sedentary clerks and switchmen 
were tabulated by geographic areas in 
which the Wes t Coast had the highest 
reported death rate from coronary heart 
disease and the Rocky Mountain area 
the lowest. The "plain states" area 
(defined as that portion east of the 
Rocky Mountains and west of Chicago-
Milwaukee) and Chicago-Milwaukee 
had intermediate coronary heart disease 
death rates. The distributions of the 
measured variables in clerks were 
uniform in these areas. Switchmen had 
large differences in distributions of 
relative body weight, skinfold and 
blood pressures. In the Milwaukee-
Chicago area switchmen were found to 
be both heavier and fatter than in the 
other areas. The Rocky Mountain 
switchmen were thinner and lighter, 
had lower blood pressures, smoked less 
and had a shorter period of employment 
in the railroad industry than the other 
switchmen. There was no difference in 
the measured variables between the 
men living in small towns and large 
cities. 

Switchmen were heavier and thinner 
than the clerks when taken as a group. 
But the difference in skinfolds between 
occupations does not reach significance 
if the switchmen and clerks in the 
Rocky Mountains are removed from 
the analysis. The serum cholesterol 
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concentrations were not different be­
tween occupations within geographical 
areas or within occupations between 
geographical areas. 

Executives differed from sedentary 
clerks only in that the systolic blood 
pressure of the executives was lower 
than that of the clerks. 

The most striking difference between 
switchmen and clerks was the differ-
ence in relative body weight and to a 
lesser degree the difference in systolic 
blood pressure. Examination of em­
ployment records revealed that there 
was no difference in the blood pressure 
of clerks and switchmen at the time 
of employment but that the switchmen 
had larger relative body weights than 
the clerks at the time they entered the 
industry. The difference persisted until 
the survey examination which occurred 
from 10 to 38 years later. It was con­
cluded that occupational selection 
played an important role in the results. 
A second example of occupational 
selection was seen in the height differ­
ence between executives and both 
switchmen and clerks. 

Data are presented to illustrate the 
problems of estimating the true preva­
lence of coronary heart disease in the 
physically active as compared to the 
sedentary occupations. In this study, 
the observed prevalence of coronary 
heart disease was influenced by greater 
withdrawal of younger switchmen with 
coronary heart disease as compared to 
clerks and selection against the experi­
ment by switchmen with coronary heart 
disease. 
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C2. M E N IN R U R A L ITALY 

by Flaminio Fidanza (Naples), Vittoria Puddu (Rome), Alfonso del Vecchio 
(Milan) and Ancel Keys (Minneapolis) 

Introduction 

Considerations of diet were prominent 
in the selection of geographical areas in 
Italy for comparative studies on 
cardiovascular disease in stable rural 
populations. Nicotera, a village in the 
far south of Italy, was originally 
selected as an area for study because 
the diet was believed to be high in olive 
oil but low in other fats and because, 
from local contacts in the area, it 
seemed likely that such good coopera­
tion would be obtained from the popu­
lation that substantially all middle-aged 
men could be covered in detailed 
examinations. These expectations were 
borne out in the subsequent experience. 

For comparison, it was desired to 
study another rural area in Italy in 
which the habitual diet would be far 
richer in fat, especially of the saturated 
type. The lower part of the Po River 
valley is commonly believed by Italians 
to have such a diet. In that area the 
village of Crevalcore seemed suitable 
because of population size, distance 
from urban centers, and offered co­
operation. Finally, excellent local con­
tacts and facilities were available in the 
village of Montegiorgio and it was 
considered likely that the diet there 
might be intermediate between that of 

Nicotera and Crevalcore in regard to 
fats. 

In all three areas the aim of exami­
ning a very high percentage of all men 
in the specified age range was achieved. 
For Nicotera, this coverage was 97.0 
per cent; the corresponding figures for 
Crevalcore and Montegiorgio were 98.5 
and 99.0 per cent, respectively. In 
almost all cases it was possible to obtain 
some useful information from and about 
the men who refused or were unable 
to participate in the detailed examina­
tions. It is believed to be unlikely that 
any cases of clinical cardiovascular 
disease were in the non-examined 
group. 

The Area of Nicotera 

Before the rise of Rome, Greek 
colonizers settled on the lowland, close 
to the shore of the Tyrrhenian Sea, 
about 60 kilometers north of the Straits 
of Messina (the water between Scylla 
and Charybdis of classic history). 
Later they established Nicotera in a 
more defensible position several hun­
dred meters higher on a spur of the 
mountains overlooking the sea and the 
small hamlet of Nicotera Marina close 
below. 
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The main railroad line from Naples 
and the north of Italy passes through 
Nicotera Marina on the way to Reggio 
Calabria and Sicily but only a few-
local trains pause there. Nicotera itself 
is not far off the main highway from 
the north to the toe of Italy but the 
secondary branch road from the 
highway to Nicotera carries only a 
little local traffic; no one goes through 
Nicotera en route to someplace else. 

Nicotera produces olives, grapes, 
figs, wheat, some flowers for the 
perfume trade and for local use, a little 
meat and poultry. The climate is warm-
temperate, with a long, hot, dry season. 
A few families at Nicotera Marina are 
engaged in fishing. There is no 
manufacturing industry. The popu­
lation is poor and there is a steady 
migration of young people away from 
the area to other parts of Italy and 
overseas, but beyond the age of 30 or 
so the population is relatively stable. 
An indication of the poverty of the area 
is the fact that six of the men in the 
sample examined in September-October 
1957, then aged 45—64, claimed no 
occupation save begging. All in all, Ni­
cotera seems to be reasonably typical of 
the rural far south of Italy, a backwards 
area of the depressed Mezzogiorno. As 
elsewhere in many parts of Italy, the 
people live in a crowded village and 
walk out daily to work in their small 
fields as far as several kilometers away. 

There were eight physicians in or 
near Nicotera in 1957 but the nearest 
modern diagnostic and treatment faci­
lities are in a small hospital some 20 
kilometers inland at Vibo Valentia. 
The headquarters for the survey 
examinations was a rented two-storey 
house in the center of Nicotera. 

The Area of Crevalcore 

The large agricultural village of 
Crevalcore is in the fertile valley of 

the Po River, roughly equidistant from 
Modena and Bologna but north of the 
main highway between those cities. 
This is in the relatively prosperous area 
called "Emilia la grassa" (Emilia the 
fat land) because of its abundant farm 
produce and traditionally rich diet. 
Politically, Crevalcore is Communist-
controlled; the consensus of opinion 
seemed to be that the local government 
is honest, efficient and tolerant. Wheat 
and other grains, fruit and livestock 
dominate agriculture and there is no 
manufacturing industry. The climate 
is hot in summer and relatively damp 
and cold in winter. 

Crevalcore, like the other villages in 
this flat countryside, could never have 
been militarily defensible, so there was 
no fortress development and it is 
relatively spread out over the country­
side. The population beyond the age 
of 30 or so is fairly stable, but besides 
the usual emigration of youth, there is 
some movement at older ages to jobs 
in industry in nearby Bologna and 
elsewhere in Italy. 

There is a small but relatively 
complete hospital in Crevalcore and 
this was used as the headquarters for 
the survey examinations. 

The Area of Montegiorgio 

Montegiorgio is a farming village in 
the rolling hills of the Province of 
Marche 35 kilometers inland, by way 
of a secondary road, from the small 
town of Fermo on the Adriatic coast. 
The village itself is on the top of a hill 
but the families of the commune are 
spread out over several kilometers. This 
was the land to which the Sabines fled 
from the famous rape but the population 
was early amalgamated with the 
advancing Roman Empire, and Ancona, 
now as then, the largest city of the 
region, was the springboard for the 
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invasion by Diocletian of Illyria (Yu­
goslavia). 

Agriculture is the only industry in 
Montegiorgio; the small farms produce 
a good yield of produce but at a high 
cost of labor. The climate is temperate 
but relatively cold in winter, and there 
is generally abundant water from the 
nearby mountains. The people are 
largely self-sufficient for everyday 
needs from their own farms, or the 
farms they operate as share-croppers, 
but the cash income is low. There is 
a steady migration from all of Marche 
to urban centers and it is said that a 
quarter of a million "Marchigiani" are 
in Rome. However, the men aged 40 
or more are generally stable in their 
residences in or near the village. 

Montegiorgio has a small hospital 
with a friendly chief physician and 
staff but the headquarters for the 
survey examinations was in a commo­
dious suite of rooms in the town hall, 
recently rebuilt and enlarged after an 
earthquake. 

Sample Coverage 

The general method of establishing 
the rosters has been described in the 
preceding Section A, 12, and details of 
the method were given there for 
Nicotera, as an example. Though 
theoretically everyone in Italy is offi­
cially registered and every adult must 
have a valid identity card, the local 
registries are not always up to date or 
free from clerical error. It is not un­
common for a man to move away from 
his legal residence but to have his name 
carried on the local voter registry for 
years thereafter. However, the correc­
tion of errors and establishment of a 
true roster is much easier in villages 
such as Nicotera, Crevalcore and 
Montegiorgio, where everyone knows 
everyone else, than in urban areas 
where people are less stable and are 

easily lost in the moving crowd. Since 
there is practically no immigration into 
these villages, the discovery of new­
comers is not troublesome. 

The aim was to examine all the men 
aged 40—59 (45—64 in Nicotera) in 
these villages. The high degree of 
success in this aim is indicated by the 
fact that the examinations covered 
97.0, 98.5 and 99.0 per cent of the men 
in the corrected rosters of Nicotera, 
Crevalcore and Montegiorgio, re­
spectively. However, by the time the 
men were actually examined a few of 
them were aged 60 and in some other 
cases the ages stated in the rosters 
were found to be incorrect when 
identity cards were compared. Since the 
present analysis concerns only men 
aged 40—59 at the time of examination, 
the numbers for whom data given here 
are smaller than the total number of 
men examined. 

Age Distribution 

The age distributions of the men in 
these Italian villages show some pecu­
liarities. At Nicotera the men aged 
45—49, 50—54 and 55—59 represented 
48.9, 26.2, and 24.9 per cent of all men 
aged 45—59. The large relative excess 
of men aged 45—49 (in 1957) is 
striking. At least part of the explana­
tion is that their cohort, born in the 
years 1908 through 1912, was too 
young to have suffered the heavy 
attrition from mortality in World W a r 
I or from migration in the difficult 
postwar period through the mid-
twenties that affected the men born in 
the period 1893—1907, i.e. the men in 
the age groups 50—54 and 55—59. 

Both Crevalcore and Montegiorgio 
show a different set of peculiarities in 
age distribution — a great shortage of 
men aged 40—44 and a less marked 
shortage of men aged 55—59. At Cre­
valcore the percentages of all men aged 
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40—59 who were aged 40—44, 45—49, 
50—54 and 55—59 were, respectively 
17.5, 30.5, 29.7 and 22.3. The corres­
ponding percentages at Montegiorgio 
were 17.2, 34.4, 30.3 and 18.1. Men 
aged 40—44 in 1960 were born in 
1916—1920, a period of a very low 
birth rate in Italy, as in many other 
countries, caused by World Wa r I. 
This cohort was also the first to be 
called to the army when World W a r II 
began and therefore was the one most 
affected by mortality and by reluctance 
to return to the restrictions of village 
life after the war. 

The deficiency of men aged 55—59 
in Crevalcore and Montegiorgio, that 
is to say of men born in the years 1900 
•—1904, may have several explanations. 
Their birth dates are included in the 
period when emigration from Italy of 
young men and young families was at 
its height. Perhaps more important, this 
was a cohort much affected by the great 
postwar migration to the cities and 
away from Italy in the nineteen-
twenties. 

Age, Physical Activity and Occupation 

Table C2. 1 gives the distribution of 
the men of Nicotera, Crevalcore and 
Montegiorgio, by 5-year age groups, 
into three classes of habitual physical 
activity. In all areas the majority of 
these middle-aged men were engaged 
in heavy physical work, mostly as small-
scale farmers. Except in Crevalcore, 
there was a tendency for the men to 
withdraw from the heaviest labor in 
their late fifties but even at ages 55—59 
more than half of the men in all areas 
were in Activity Class 3. 

The occupations of all of the men 
were ascertained but for the present 
purposes it seemed desirable only to 
differentiate between the higher socio­
economic group of professional and 
businessmen, the men in agricultural 

occupations, and all others. These 
groupings are given in Table C2. 2. 
The dominance of farming is clear, as 
well as the fact that relatively few men 
in these villages could be put in the 
higher socio-economic class, even when 
this was extended to include the sales­
men (Code nos. 14 and 15). Actually, 
most of the few men who might be 
classed as salesmen in these areas were 
also semi-independent businessmen. By 
and large, "upper socio-economic class" 
in these villages is only a relative term. 
No really rich men live in these villages 
and the teachers, who are relatively up­
per class, have lower incomes than 
many of the men in these areas who 
are rated in a lower social class. 

Distribution of the Measured Variables 

Table C2. 3 gives the median values, 
by age, for height, relative body weight, 
5 skinfolds as a measure of body fat­
ness, systolic and diastolic blood pres­
sure, and cholesterol concentration in 
the blood serum. Table C2. 3 also gives 
these medians expressed as percent­
ages of the averages of the medians 
for all 18 population samples in these 
cooperative studies. 

The men of Nicotera were the short­
est, thinnest men and had the lowest 
relative weights. The men of Creval­
core were the tallest, fattest and rela­
tively heaviest. The contrast is greatest 
in regard to body fatness. The thick­
ness of the true skin is about 1.5 mm. 
so about 3 mm. of the skinfold thick­
ness is not fat and about 6 mm. of the 
2 skinfolds should be subtracted to get 
a measure of actual fat. Accordingly, 
the relative fat measure is about 7 mm. 
for Nicotera, 9 for Montegiorgio and 
16 for Crevalcore. In other words, the 
men of Crevalcore tend to be more than 
twice as fat as the men of Nicotera. 

There are similar differences be­
tween the areas in regard to blood 
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TABLE C2. 1 

Physical activity of men in r u r a l Italy c lassed by age and habitual physical activity 
("ACT. , " 1 = sedentary and light, 2 - modera te , 3 = heavy work). N = total men. 
Table entr ies a re percentages of all men of given age in the a r e a . 

A G E NICOTERA, N = 570 CREVALCORE, N = 992 MONTEGIORGIO, N = 719 
ACT. 1 ACT. 2 ACT. 3 ACT. 1 ACT. 2 ACT. 3 ACT. 1 ACT. 2 ACT. 3 

40-44 
45-49 
50-54 
55-59 
40-59 

— 
20 .4 
20.3 
34.2 
23 .7 

--
13.9 
13.0 
9 .4 

12.6 

--
65.7 
66 .7 
56 .4 
63 .7 

13.7 
11.6 
9.6 

13. 1 
11.7 

T A B L E 

21 .7 
20 .8 
18. 1 
15.4 
19.0 

C2 .2 

64.6 
67 .6 
72.3 
71.5 
69 .3 

4 . 1 
4 .0 
9.7 
9. 1 
6 .7 

26 .8 
23.9 
20.7 
40 .9 
26.6 

69. 1 
72. 1 
69.6 
50.0 
66 .7 

Occupation of men in r u r a l Italy c lassed: Codes 1-15 (business, professional, business 
owners and government officials). Codes 66-69, 71-75 (farming, agr icul ture and forestry) , 
and all o thers . Table entr ies a r e percentages of all men in the a r ea . 

OCCUPATION 

Codes 1-15 
" 66-69, 71-75 

All Other 

NICOTERA CE 

11.3 
50.0 
38.7 

TABLE 

^ E \ 

C2 

rALC 

6 . 9 
44. 1 
49.0 

. 3 

MONTEGIORGIO 

8.5 
68 .2 
23 .3 

M e d i a n s fo r I t a l i a n m e n , c l a s s e d by a g e , a nd t h e s e v a l u e s a s p e r c e n t a g e s of t h e a v e r a g e s 
of t he m e d i a n s fo r a l l 18 s a m p l e s of m e n . 

A R E A 

N I C O T E R A 

" 
" 
i i 

" 
I I 

C R E V A L C O R E 

M O N T E G I O R G I O 
ir 

II 

IT 

" 
11 

V A R I A B L E 

He igh t ( c m . ) 
R e l . Wt . (%) 
S Sk in fo lds 
S y s t . B . P . 
D i a s t . B . P . 
S e r u m Cho i . 

H e i gh t ( c m . ) 
R e l . Wt . (%) 
S Sk in fo lds 
S y s t . B . P . 
D i a s t . B . P . 
S e r u m Cho i . 

H e i gh t ( c m . ) 
-R e l . Wt . (%) 
S Sk in fo lds 
S y s t . B . P . 
D i a s t . B . P . 
S e r u m Cho i . 

MEDIAN 
4 0 - 4 4 

__ 
__ 
__ 
_-
_-
--
169 
105 
23 

136 
84 

194 

165 
99 
15 

128 
78 

192 

4 5 - 4 9 
162 
94 
13 

125 
75 

184 

16 8 
103 
21 

142 
87 

194 

165 
98 
16 

134 
80 

200 

VALUES 
5 0 - 5 4 

161 
89 
13 

127 
75 

174 

168 
102 
22 

147 
88 

198 

16 3 
94 
14 

137 
81 

199 

5 5 -59 
160 

91 
14 

136 
78 

166 

167 
101 
22 

157 
90 

204 

162 
94 
14 

142 
83 

198 

MEDIAN, % O F A V E R A G E 
4 0 - 4 4 

— 
— 
--
--
— 
--
9 9 . 5 

1 07 . 0 
1 0 8 . 5 
1 0 3 . 8 
1 03 . 7 
9 4 . 0 

9 7 . 2 

1 00 . 9 
7 0 . 8 
9 7 . 7 
9 6 . 3 
9 3 . 0 

4 5 - 4 9 
9 5 . 7 
9 7 . 7 
6 3 . 7 
9 4 . 0 
9 2 . 1 
8 8 . 8 

9 9 . 4 
107 . 1 
1 02 . 9 
1 0 6 . 8 
106. 9 
9 3 . 6 

9 7 . 6 
9 3 . 6 
7 8 . 4 

1 00 . 8 
9 8 . 3 
9 6 . 5 

5 0 - 54 
9 5 . 5 
9 3 . 5 
6 2 . 8 
9 2 . 7 
8 9 . 9 
8 3 . 3 

9 9 . 8 
107. 1 
1 0 6 . 3 
1 0 7 . 3 
1 0 5 . 5 
9 4 . 8 

9 6 . 9 
9 8 . 7 
6 7 . 6 

1 00 . 0 
9 7 . 1 
9 5 . 3 

5 5 - 59 
9 5 . 3 

9 6 . 7 
7 0 . 4 
9 6 . 7 
9 2 . 5 
8 0 . 3 

9 9 . 6 
1 0 7 . 3 
110 .6 
1 11 . 7 
1 0 6 . 8 
9 8 . 7 

9 6 . 6 
9 9 . 9 
7 0 . 4 

1 01 . 0 
9 8 . 5 
9 5 . 8 
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pressure -—• Crevalcore higher than 
Montegiorgio which, in turn, is higher 
than Nicotera. It does not seem, how­
ever, that in these samples there is 
simply a linear relationship between 
median blood pressure and median rel­
ative weight or body fatness. Monte­
giorgio and Nicotera do not really dif­
fer much in relative weight or 2 skin­
folds but the difference in blood pres­
sure is significant. 

Serum cholesterol tends to be lower 
in Nicotera, especially at the older ages, 
than in either of the other villages, but 
the cholesterol values are not high in 
any of these samples. 

Compared with the averages of all 
men in these cooperative studies, the 
men of Crevalcore tend to be relatively 
heavy, fat and characterized by high 
blood pressures, the men of Nicotera 
are light, thin, and have low blood pres­
sures, and the men of Montegiorgio are 
intermediate. 

Full details of the distributions of 
these variables in these villages are 
given in the Appendix. Cumulative 
frequency distributions, with a proba­
bility scale for the ordinate, are given 
in Figures C2.1, C2.2 and C2.3. 
Because no or only trivial trends with 
age over the range 40—59 were shown 
for height, 2 skinfolds and serum cho­
lesterol, ages 40—59 were combined 
for these variables. The other variables 
showed clear age trends so in Figs. 
C2. 1, C2. 2 and C2. 3 a distinction is 
made between ages 40—49 (heavy line) 
and 50—59 (light line). 

Departure from a straight line of the 
cumulative distributions in Figs. C2. 1, 
C2. 2 and C2. 3 indicates deviation 
from a normal probability distribution. 
As in other samples in the present se­
ries of cooperative studies, non-nor­
mality is most marked for 2 skinfolds 
but, except for height, it is evident to 
at least some degree for the other var­
iables. Transformations to make closer 
approximations to normality can be 

found for these other variables but 
these do not have general validity; 
e.g. a transformation that does nicely 
for systolic blood pressure at ages 40— 
49 does less well at ages 50—59; 5 skin­
folds requires a different transformation 
for Crevalcore than for Montegiorgio. 
These facts argue strongly for the use of 
statistical methods in the analysis of 
these data that do not assume normal 
distributions. 

Physical Activity, Occupation and the 
Measured Variables 

Relationships between these meas­
ured variables and physical activity and 
occupational status may be examined 
with the data in Tables C2. 4—C2. 7, 
inclusive. In Nicotera, Crevalcore and 
Montegiorgio, relatively few men were 
sedentary (Activity Class 1) or in the 
upper socio-economic class of occupa­
tions (Code nos. 1—13, professional, 
managerial and business-owner clas­
ses). And in this latter socio-economic 
class almost none of the men were 
engaged in heavy physical activity 
(Class 3). 

In Crevalcore, when occupation is 
ignored, the men in Activity Class 1 
(sedentary) were, compared with the 
other men, more prone to be over­
weight, to elevated blood pressure and 
much more prone to obesity; they did 
not differ significantly in the tendency 
to hypercholesterolemia. Because larg­
er numbers are concerned, a more re­
liable analysis can be made by com­
paring men of Activity Class 2 with 
those in Class 3. The most active men 
( Class 3 ) compared with those in Class 
2, tend to be less prone to excess body 
fat, slightly less prone to overweight 
but were not significantly different in 
regard to blood pressure or serum cho­
lesterol. On the other hand, when phy­
sical activity is ignored, the men in 
Occupational Classes 1—13 in Crevai-
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TABLE C2. 5 

Activity 1 v s . Activity 2. Excess frequency of high values (deciles 8-10) of the var iables 
observed among men of Activity 1, expressed as % of expectation from total numbers of 
men in Activities 1 plus 2. Also, ch i -square values for the differences between observed 
and expected d is t r ibut ions. 

OCCUPATION REL. WT. 2 SKINFOLDS SYST. B. P . DIAST. B. P . CHOLESTEROI 

Nicotera 
1-94 
1-13 
14-94 
Crevalcore 
1-94 
1-13 
14-94 
Monte giorgio 
1-94 
1-13 
14-94 

Excess Chi^ 

20. 8 
5. 1 

36. 1 

16.4 
11. 1 

1.6 

-20 .0 
- 4 . 8 

-25.2 

8.97 
0. 51 
6. 85 

1. 50 
0 
0 

0. 86 
0 
0. 89 

Excess 

25.7 
3 . 9 

42.9 

13.4 
9 . 1 

18.8 

- 5 . 1 
13.6 

-11 .5 

Chi2 

14. 80 
0.43 
8.56 

1.47 
0 
2.51 

0. 01 
0.01 
0. 12 

Excess 

17. 1 
10.6 
18.9 

33. 3 
53. 8 
27.2 

-19. 1 
- 14 .3 
-20. 8 

Chi2 

3.27 
1.79 
0. 87 

6.75 
0.50 
4 .54 

0.63 
0 
0.48 

Excess 

- 6 . 7 
6 . 0 

-23 . 1 

16. 1 
14.3 
16.4 

-24. 8 
- 1 1 . 8 
-29. 3 

Chi2 

0.45 
0. 35 
1.91 

1.49 
0 
1.42 

1. 12 
0 
1.09 

Excess Chi 

1.4 

-9 . 1 
0 

- 7 . 1 
-42.9 

- 2 . 5 

- 7 . 8 
- 26 .8 

0 

0 
0 
0 

0.21 
0.53 
0 

0.05 
0.21 
0 

TABLE C2.6 

Activity 2 v s . Activity 3. Occupations 14-94 only. Excess frequency, as in Table C2. 5, 
of high values among men of Activity 2. 

SAMPLE 

Nicotera 
Crevalcore 
Montegiorgio 

REL. WT. 2 SKINFOLDS 
Excess Chi2 

22.0 0.59 
31.1 5.40 
48 .6 16. 01 

Excess 
25.0 
27.2 
56 .8 

Chi2 

0. 85 
3. 71 

21.42 

SYST. B. P, 
Excess Chi' 

0.6 
- 4 . 8 
35.5 

0 
0.07 
8.63 

DIAST. 
Excess 

65.6 
0 

35.5 

B. P . 
Chi2 

9. 71 
0 
8. 63 

CHOLESTEROL 
Excess Chi 

36.4 0.06 
70.6 19. 34 
32.7 6 .92 

TABLE C2.7 

Occupation 1-13 vs . 14-94. Excess frequency, as in Table C2. 5, of high values among 
men in Occupations 1-13, expressed as % of expectation from total numbers of men in 
Occupations 1-13 + 14-94. 

ACTIVITY 

Nicotera 
1+2 
1 
2 
Crevalcore 
1+2 
1 
2 
Montegiorgi 
1+2 
1 
2 

REL. WT. 2 SKINFOLDS SYST. B. P . 
Excess Chi2 Excess Chi2 Excess Chi2 

11.5 0.90 
- 3 .1 0 .04 
15.4 0 

6.4 0. 11 
16.3 0.02 

5.3 0 .03 

22 .4 2 .39 
48 .1 0.46 
19.3 1.52 

26.5 
4 .5 

53 .8 

6. 35 
0. 19 
0.50 

22.5 2.33 
17.6 0.07 
29 .5 3.13 

27.0 3.55 
47.1 0.80 
16.6 1.13 

10. 1 
4. 3 

- 5 4 . 6 

- 24 . 7 
- 1 3 . 0 
- 1 9 . 4 

12. 6 
20.0 
11. 1 

0.35 
0.04 
0.34 

DIAST. 
Excess 

0 
13.9 

- 4 6 . 0 

B . P . 

0.52 
0 
0. 33 

CHOLESTEROL 
Excess Chi 

0 
0 .91 
0.76 

1.68 - 1.0 0 
0 - 4. 8 0 
0 .54 4 .9 0.01 

10.6 0.32 
30 .4 0.03 
7.7 0. 11 

35.1 0.48 
21.2 0 .04 

150.0 0.05 

1.9 0 
- 37 .5 0.25 

6.7 0 .06 

26 .8 2 .79 
0 0 

30.4 3.15 

Probabi l i t ies , p, associated with ch i -square values: 2 . 71 , p 
p = 0. 02; 6. 64, p = 0. 01; 10. 83, p = 0. 001. 

0. 10; 3. 84, p = 0 .05; 5 .41 , 
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core were much more prone than the 
other men to overweight and obesity 
but were not significantly different in 
the other variables. 

In Montegiorgio, when Occupational 
Class is ignored, the few men in Activi­
ty Class 1 did not differ significantly 
from the rest of the men in regard to 
any of the five variables. However, the 
men in Activity Class 2 were much 
more prone to high values in all five 
variables than the men in Activity Class 
3. In the reverse analysis, when physical 
activity is ignored, the men in Occupa­
tional Classes 1—13 in Montegiorgio 
tended to be more often in the "high" 
category of all of the variables and this 
tendency is statistically significant for 
all variables except diastolic blood pres­
sure. 

Because of the correlation between 
physical activity and occupation in 
these samples, more meaningful results 
require comparison of physical activity 
classes within given Occupational Clas­
ses and vice versa. In order to provide 
larger numbers for this comparison it 
is useful to combine the Crevalcore 
and Montegiorgio samples and this 
seems justifiable because in these 
respects there are no significant differ­
ences between these samples. But even 
if the Crevalcore and Montegiorgio 
samples are combined, Occupational 
Classes 1—13 contain too few men in 
either Activity 1 or Activity 3 so these 
categories are not covered in the follow­
ing analysis. 

Within Activity 2 in the combined 
Crevalcore and Montegiorgio samples, 
the men in the higher socio-economic 
group differ from the rest of the men 
significantly in regard to body fatness 
(2 skinfolds). Fifty-one of these men 
were in the top 30 per cent of the skin­
folds distribution compared with the 
chance expectation of 43.5 men (chi-
square = 5.28 and p = 0.03). In rel­
ative body weight these men tend to 
be more often overweight also but the 

difference is of doubtful significance 
(chi-square = 3.60, p = 0.06). There 
are no significant differences in the 
other variables. 

Within Occupations 14—94 in the 
combined Crevalcore-Montegiorgio ma­
terial, there is no significant difference 
between Activity Classes 1 and 2 in 
regard to the distribution of any of the 
variables. Comparing Class 1 with 
Class 3 fails to show a significant 
difference in regard to relative weight, 
systolic blood pressure or serum choles­
terol but there are significant differ­
ences in obesity and diastolic blood 
pressure (chi-square = 17.03 and = 
4.55, respectively, with p less than 
0.001 and p = 0.03). 

Finally, in this combined material in 
Occupations 14—94, the men in Activi­
ty Class 2 are more often in the high 
category for all variables than the men 
in Activity Class 3 and the difference 
is significant except for systolic blood 
pressure where chi-square = 2.81 and p 
= 0.09. The probability values are less 
than p = 0.001 for relative weight 
(chi-square = 11.63) and 2 skinfolds 
(chi-square = 34.49); for diastolic 
blood pressure chi-square = 3.90 (p = 
0.05) and for serum cholesterol chi-
square = 6.14 (p = less than 0.02). 

The general picture from the Cre­
valcore-Montegiorgio material is that 
the distribution of the measured 
variables is related to both activity and 
to occupational status so that if only 
one of these characteristics is con­
sidered alone its effect on the measured 
variables is much over-estimated. 

The clearest association involving 
physical activity independently from 
socio-economic status concerns body 
fatness and it is reasonable to suggest 
that this is a cause-and-effect 
relationship. The greater the habitual 
physical activity, the less body fat 
though not necessarily the less relative 
body weight. The men who do the 
heaviest work obviously tend to have 
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a low fat mass but a high muscle mass. 
It seems also that the men in Activity 
Class 3 tend to have lower values for 
blood pressure and serum cholesterol. 

The group of Occupations 14—94 is 
far from being homogeneous in socio­
economic status; it includes very poor 
men as well as men who are, relatively, 
moderately rich; it includes men of the 
lowest social class as well as men of 
much higher social standing. The 
result, then, is that this analysis may 
substantially under-estimate the effect 
of socio-economic status on the distri­
bution of these variables. 

Smoking Habits 

Cigar and pipe smoking is negligible 
in Italy, particularly in rural areas, and 
cigarette smoking is discouraged by the 
absence of advertising (by law) and 
high price. Both in Crevalcore and 
Montegiorgio one-fourth of the men 
had never smoked and at the time of 
the examinations non-smokers repre­
sented 37 per cent of the men in 
Crevalcore and 41 per cent in Monte­
giorgio. Men who regularly smoked 
20 or more cigarettes a day amounted 
to 17.8 per cent of men aged 40—59 
at Crevalcore and only 9.6 per cent at 
Montegiorgio. Heavy cigarette smok­
ing was even less common in Nicotera 
but the records, made in 1957, are not 
fully comparable. Smoking habit data 
are given in Tables C2.8, C2.9. 

As in other samples in this coopera­
tive study, the non-smokers at Cre­
valcore and Montegiorgio tended to be 
more often overweight and obese than 
the smokers. Among 362 non-smokers 
at Crevalcore, 64 per cent were above 
and 36 per cent below the median 
relative body weight for all men aged 
40—59 at Crevalcore; at Montegiorgio 
61 per cent of the non-smokers were 
above the median relative weight. The 
discrepancy in body fatness was equally 

striking. At Crevalcore 63 per cent of 
the non-smokers were in the above-
median class for 2 skinfolds; the 
corresponding figure for Montegiorgio 
was 65 per cent. 

Non-smokers in Crevalcore and 
Montegiorgio also tended to be in the 
above-median classes for blood pressure 
and serum cholesterol but this tendency 
was less marked than in regard to 
relative weight and 2 skinfolds. The 
largest trend in these variables was for 
diastolic blood pressure at Crevalcore 
where there were 215 non-smokers in 
the above-median class compared with 
an expected number of 183.8; the 
difference has extremely high statistical 
significance. 

The tendency to higher serum 
cholesterol values among all non-
smokers than among all smokers is not 
statistically significant in either village. 
Curiously, both in Crevalcore and in 
Montegiorgio the men who had once 
smoked but had quit tended to have 
higher serum cholesterol values than 
light smokers ( 1—9 cigarettes per day). 
For the median cutting point, the differ­
ence is significant at the level of p — 
0.02 (chi-square = 6.09). 

Electrocardiographic Findings 

Tables C2.10—C2.13, inclusive, 
summarize the electrocardiographic 
findings in Crevalcore and Montegior­
gio. Classified by the Minnesota Code, 
the frequency of reportable items in the 
record taken in rest rises with age in 
both areas and in each age the preva­
lence of abnormality (rate per 1000 
men) tends to be slightly higher in 
Crevalcore than in Montegiorgio. The 
most common abnormalities in both 
areas are left axis deviation (Code II, 
1 ), high amplitude R waves, left type 
(Code III, 1), sinus tachycardia (Code 
VIII, 7) and small degrees of T wave 
negativity (Code V, 3 ) . 
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TABLE C2 .8 

Cigarette smoking habits of men of Italy. Pe rcentage of men who never smoked, 
who had stopped, who smoked 1-9, 10-19, 20 or mo r e c igare t tes daily at the 
t ime of thei r examination. 

SAMPLE 

Ni cotera 
H 

H 

A G E 

45-49 
50-54 
55-59 

NEVER 

18. 1 
24.6 
21.7 

QUIT 

9 . 7 
9 . 8 

16.5 

1-9 

40. 1 
33.7 
35.7 

10-19 

22.9 
26.2 
18.3 

20 OR I 

9 . 2 
5 . 7 
7 . 8 

45-59 20.7 11.4 37 .3 22.6 8.0 

Crevalcore 40-44 
45-49 
50-54 
55-59 

28. I 
23 .0 
24 .3 
27. 0 

14.6 
10.5 
12.7 
12.6 

14.6 
18.0 
19.2 
20.9 

16.5 
29 .8 
29 .1 
26.0 

26.2 
18.7 
14.7 
13.5 

40-59 25 .1 12.3 18.5 26.5 17.6 

n t e 
i i 

H 

it 

giorgio 40-44 
45-49 
50-54 
55-59 

22 .8 
28. 0 
24.7 
26.9 

13.8 
15.4 
14.4 
18.5 

27 .6 
27. 1 
27 .4 
29.2 

24 .4 
20.2 
23.7 
17.7 

11.4 
9 . 3 
9 . 8 
7 . 7 

40-59 25 .9 15.4 27.7 21.5 9 .5 
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TABLE C2.9 

Smoking. Number of men in I taly below (LOW) and above (HIGH) the age specific 
medians , for age and a r e a , of measu red va r i ab les , c lassed according to smoking 
habi t s . HEAVY = 20 o r mo r e , OTHER = 1-19 c igare t tes daily. 

VARIABLE 

Relative Weight 

^Skinfolds 

Systolic B. P . 

Diastolic B. P . 

Serum Cholesterol 

SAMPLE NON-SMOKERS 

Crevalcore 
Montegiorgio 

Crevalcore 
Montegiorgio 

Crevalcore 
Montegiorgio 

Creva lcore 
Montegiorgio 

Creva lcore 
Montegiorgio 

LOW 

130 
115 

137 
113 

163 
143 

153 
142 

177 
136 

HIGH 

232 
178 

233 
210 

205 
151 

215 
152 

185 
153 

HEAVY 
LOW 

96 
39 

96 
43 

86 
34 

96 
31 

71 
38 

HIGH 

77 
29 

78 
25 

87 
34 

77 
37 

98 
28 

O l 
LOW 

261 
203 

260 
202 

241 
180 

239 
186 

231 
180 

'HER 
HIGH 

179 
148 

183 
149 

196 
172 

197 
166 

198 
171 
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CREVALCORE, ITALY 
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FREQUENCY O F RESTING 
(Rate p e r 1, 

ECG FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

ECG 
Code 

I - IX 

ELECTROCARDIOGRAPHIC FINDINGS 
000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

40 -44 
(174) 

45 -49 
(303) 

50-54 
(295) 

55-59 
(221) 

6 4 ( 3 6 7 . 8 ) 1 2 6 ( 4 1 5 . 8 ) 1 3 1 ( 444 . 1 ) 1 1 7 ( 5 2 9 . 4 ) 

Q Waves 1 0 0 3 ( 10 .2) 2 ( 9 .0) 
2 3 ( 17. 2) 1 ( 3 .3) 2 ( 6. 8) 2 ( 9 .0) 
3 5 ( 28 . 7) 7 ( 2 3 . 1) 3 ( 10. 2) 7 ( 3 1 . 7) 

O 
2 
I—I 

Q 

Ü 
U 
w 

Axis Dev ia t ion II 
Left 
Right 

High Ampl i tude R Waves III 
Left t ype 
Right type 

S-T D e p r e s s i o n ( r e s t ) IV 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S -T - J 0 . 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e g m e n t 

T -Wave Nega t iv i ty ( r e s t ) V 
- 5 m m . o r m o r e 
- 1 m m . to - 5 m m . 
0 + l . m m . 

A - V Conduct ion Defect VI 
Comp l e t e Block 
P a r t i a l B lock 
P - R o v e r 0 . 2 1 s econd 
A c c e l e r a t e d Conduct ion 

V e n t r i c u l a r B locks VII 
Left Bundle 
Right Bundle 
I n comp le t e R ight Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s VIII 
P r e m a t u r e B e a t s 
V e n t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t i on , f l u t t e r 
S u p r a - v e n t . t a c h y c a r d i a 
V e n t r i c u l a r r hy t hm 
A -V noda l r h y t hm 
Sinus t a c h y c a r d i a 
Sinus b r a d y c a r d i a 

1 5 ( 28 .7 ) 11 ( 36 .3 ) 11 ( 37 .3 ) 
2 0 0 0 

1 9 ( 51 .7 ) 13 ( 4 2 . 9 ) 15 ( 50 .8 ) 
2 0 3 ( 9.9) 0 

14 ( 63 .3 ) 
0 

18 ( 81 .4) 
2 ( 9 .0) 

1 

2 
3 

4 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 

1 
0 

0 

0 

1 ( 
8 ( 

0 
0 

1 ( 
2 ( 

0 

1 ( 
0 
0 

1 ( 
0 
0 
0 
0 
0 
7 ( 
0 

5 .7) 

5 .7 ) 
46 .0 ) 

5 .7) 
11 .5) 

5 .7) 

5 .7 ) 

40 .2 ) 

4 ( 

6 ( 
0 

2 ( 

0 
5 ( 
7 ( 

0 
0 
2 ( 
1 ( 

1 ( 
7 ( 
4 ( 
0 

0 
0 
3 ( 
0 
0 
0 

13 ( 
7 ( 

13 .2 ) 

19 .8 ) 

6.6) 

16.5) 
23 . 1) 

6 . 6 ) 
3 .3) 

3 .3) 
2 3 . 1) 
13 .2 ) 

9 .9 ) 

4 2 . 9 ) 
2 3 . 1) 

5 ( 

5 ( 
2 ( 

5 ( 

0 
5 ( 

11 ( 

0 
0 
0 

1 ( 

0 
2 ( 
4 ( 
0 

3 ( 
0 
0 
0 
0 

1 ( 
13 ( 
2 ( 

16 .9) 

16.9) 
6 .8) 

16 .9) 

16.9) 
37 .3 ) 

3 .4) 

6 .8) 
13 .6) 

10.2) 

3 .4) 
44 . 1) 

6 .8) 

6 ( 

3 ( 
0 

1 ( 

2 ( 
4 ( 

12 ( 

0 
0 
0 
0 

2 ( 
1 ( 
3 ( 
0 

0 
0 
3 ( 
0 
0 

1 ( 
10 ( 
4 ( 

27 . 1) 

13 .6) 

4 .5 ) 

9 .0) 
18. 1) 
54 .3 ) 

9 .0 ) 
4 . 5 ) 

13.6) 

13 .6) 

4 . 5 ) 
4 5 . 2 ) 
18. 1) 

T echn i ca l l y poo r r e c o r d s IX 8 2 ( 6.6) 1 ( 4 . 5 ) 
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TABLE C2. 11 

CREVALCORE, ITALY 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1,000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 45-49 50-54 55-59 
ECG FINDING Code (172) (297) (289) (211) 
Exercise tests not made or X I 

incomplete X 2 2 ( 11.5) 6 ( 19. 8) 6 ( 2 0 . 3 ) 1 0 ( 4 5 . 2 ) 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more , horiz. 

or downward segment 
S-T - J 0.5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more , upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 + 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

XII 

XV 

XI 

1 

2 
3 

4 

1 
2 
3 

1 

8 

3 ( 

2 ( 
0 

2 ( 

0 
0 
2 ( 

2 ( 

3 ( 

17.4) 

11.6) 

11.6) 

11.6) 

11.6) 

17.4) 

1 ( 

3 ( 
0 

5 ( 

0 

1 ( 
2 ( 

8 ( 

6 ( 

3.4) 

10. 1) 

16.8) 

3.4) 
6.7) 

26.9) 

20. 2) 

1 ( 

1 ( 
0 

5 ( 

0 
0 
2 ( 

4 ( 

5 ( 

3.5) 

3.5) 

17.3) 

6.9) 

13. 8) 

17. 3) 

2 ( 

6 ( 
1 ( 

4 ( 

0 

1 ( 
7 ( 

7 ( 

3 ( 

9.5) 

28.4) 
4.7) 

19.0) 

4.7) 
33.2) 

33 2) 

14.2) 

Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post-exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
1 2 , 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2,4 
only 

XV 1 
only 

0 

0 

0 

4 ( 

0 

0 
0 
1 ( 
0 

4 ( 

0 

0 

2 ( 

23. 

5. 

23 . 

11 . 

.0) 

7) 

3) 

6) 

0 

1 ( 

0 

4 ( 

1 ( 

5 ( 
0 
8 ( 
3 ( 

7 ( 

2 ( 

0 

5 ( 

3.3) 

13.2) 

3.3) 

16.5) 

26.4) 
9.9) 

23.6) 

6.7) 

16.8) 

3 ( 

1 ( 

0 

6 ( 

0 

4 ( 
0 
2 ( 
1 ( 

0 

1 ( 

0 

2 ( 

10.2) 

3.4) 

20.3) 

13.6) 

6. 8) 
3.4) 

3.5) 

6.9) 

2 ( 

1 ( 

0 

4 ( 

0 

4 ( 
0 
3 ( 
4 ( 

5 ( 

0 

0 

3 ( 

9.0) 

4.5) 

18. 1) 

18. 1) 

13.6) 
18. 1) 

23.7) 

14.2) 
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MONTEGIORGIO, ITALY 
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FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

Q Waves 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T D e p r e s s i o n ( r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z , 

o r downward s egmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S-T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 

T -Wave Negat iv i ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m , to -5 m m . 
0 + l . m m . 

A -V Conduct ion Defect 
Comple t e Block 
P a r t i a l Block 
P - R ove r 0 . 2 1 s econd 
A c c e l e r a t e d Conduct ion 

Ven t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I ncomple t e R ight Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
Ven t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t ion , f lu t ter 
S up r a - v en t , t a c h y c a r d i a 
V en t r i c u l a r r h y t hm 
A-V nodal r hy t hm 
Sinus t a c hyc a r d i a 
Sinus b r a d y c a r d i a 

IV 

VI 

VII 

VIII 

ECG 
Code 

I - IX 

I 1 
2 
3 

II 
1 
2 

III 
1 
2 

40 -44 
(123) 

42 (341 .5) 

0 
1 ( 8 .1) 
0 

3 ( 2 4 . 4 ) 
0 

6 ( 48 . 8) 
0 

15-49 
(247) 

99 (400. 8) 

1 ( 
0 
3 ( 

13 ( 
0 

3 ( 
0 

4 .0 ) 

12. 1) 

52 .6 ) 

12. 1) 

50 -54 
(217) 

96 (442 .4) 

2 
3 
0 

16 
0 

12 
0 

( 9 .2 ) 
( 13 .8) 

( 73 .7 ) 

( 55 .3 ) 

55-59 
(130) 

61 (469 .2) 

1 ( 7 .7) 
2 ( 15 .4) 
2 ( 15 .4) 

12 ( 92. 3) 
0 

3 ( 23 . 1) 
0 

1 ( 8.1) 1 ( 4. 0) 2 ( 9. 2) 1 ( 7. 7) 

2 
3 

4 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
S 

1 1 
0 

0 

1 ( 
1 ( 
1 ( 

0 
0 

1 ( 
0 

0 
0 

1 ( 
0 

1 ( 
0 
0 
0 
0 

1 ( 
4 ( 
2 ( 

! 8 .1) 

8 .1) 
8.1) 
8.1) 

8 .1) 

8.1) 

8.1) 

8.1) 
32. 5) 
16.3) 

1 ( 
1 ( 

1 ( 

1 ( 
1 ( 
7 ( 

0 
0 
3 ( 
0 

0 

1 ( 
5 ( 
0 

0 
0 
0 
0 
0 

1 ( 
9 ( 
5 ( 

4 .0 ) 
4 . 0 ) 

4 .0 ) 

4 . 0 ) 
4 . 0 ) 

2 8 . 3 ) 

12. 1) 

4 . 0 ) 
2 0 . 2 ) 

4 . 0 ) 
36 .4 ) 
20 .2 ) 

2 ( 
0 

1 ( 

0 
4 ( 
7 ( 

0 
0 

1 ( 
0 

0 
2 ( 
1 ( 
1 ( 

5 ( 
0 

1 ( 
0 
0 

1 ( 
3 ( 
5 ( 

9 .2) 

4 .6 ) 

18 .4) 
32. 3) 

4 . 6 ) 

9 .2) 
4 . 6 ) 
4 . 6 ) 

23 .0 ) 

4 . 6 ) 

4 . 6 ) 
13. 8) 
23 . 0) 

2 1 
1 1 

3 ( 

0 
0 
4 ( 

0 
0 
0 

1 ( 

1 ( 
0 
4 ( 
0 

1 ( 
0 

1 ( 
0 
0 
0 
4 ( 
4 ( 

! 15 .4 ) 
! 7 .7 ) 

! 2 3 . 1 ) 

! 30 .8 ) 

7 .7 ) 

7 .7 ) 

30. 8) 

7..7) 

7 .7 ) 

30. 8) 
30. 8) 

T echn i ca l l y p oo r r e c o r d s IX 1 ( 1 ( 4 . 0) M 7.7) 
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TABLE C2. 13 

MONTEGIORGIO, ITALY 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1,000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 45-49 50-54 55-59 
ECG FINDING Code (122) (241) (211) (126) 
Exercise tests not made or X I 

incomplete X 2 1 ( 8. 1) 6 ( 24. 3) 6 ( 27. 6) 4 ( 30. 8) 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more , horiz. 

or downward segment 1 1 ( 8.2) 2 ( 8. 3) 1 ( 4. 7) 1 ( 7. 9) 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more , upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 + 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

2 
3 

4 

XII 
1 
2 
3 

XV 
1 

XI 8 

2 ( 
0 

5 ( 

0 
0 
1 ( 

2 ( 

2 ( 

16.4) 

41.0) 

8.2) 

16.4) 

16.4) 

4 ( 
0 

4 ( 

0 
0 
4 ( 

2 ( 

6 ( 

16.6) 

16.6) 

16.6) 

8.3) 

24.9) 

4 ( 
1 ( 

7 ( 

0 
0 
3 ( 

5 ( 

5 ( 

19.0) 
4.7) 

33.2) 

14.2) 

23.7) 

23.7) 

2 ( 15.9) 
0 

2 ( 15.9) 

0 
0 
1 ( 7.9) 

5 ( 39.7) 

4 ( 31.7) 

Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly-
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post-exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2,4 
only 

XV 1 
only 

0 

1 ( 

0 

0 

0 

1 ( 
0 
0 
1 ( 

5 ( 

0 

0 

2 ( 

8. 

8. 

8. 

4 1 . 

16. 

1) 

1) 

1) 

0) 

4) 

1 ( 

0 

0 

1 ( 

1 ( 

0 
0 
1 ( 
1 ( 

7 ( 

3 ( 

0 

0 

4.0) 

4.0) 

4.0) 

4.0) 
4.0) 

29.0) 

12.4) 

2 ( 

0 

0 

2 ( 

0 

2 ( 
0 
3 ( 
2 ( 

5 ( 

0 

0 

2 ( 

9.2) 

9.2) 

9.2) 

13. 8) 
9.2) 

23.7) 

9.5) 

1 ( 

0 

0 

0 

3 ( 

0 
0 
1 ( 
1 ( 

3 ( 

0 

0 

3 ( 

7.7) 

23. 1) 

7.7) 
7.7) 

23. 8) 

23. 8) 
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Electrocardiograms were recorded 
after the standard exercise test in 700 
out of 717 men at Montegiorgio and in 
969 out of 993 men at Crevalcore. At 
Montegiorgio, the exercise test yielded 
18 cases of S-T depression (Code XI, 
1, 2, 3) where none had been present 
at rest, thus more than doubling the 
frequency of this abnormality. At 
Crevalcore, the exercise added 20 
additional S-T depressions to the 32 
cases where this abnormality had been 
present in rest. The exercise test was 
less effective in producing new T wave 
negativity. For Code XII, 1, 2, exercise 
produced no new cases at Montegiorgio 
and only 2 at Crevalcore; in rest this 
abnormality was found in 8 men at 
Montegiorgio and in 17 men at 
Crevalcore. 

The rarity of certain ECG abnor­
malities is notable in this material 
in a total of 1710 men aged 40—59 
there were no cases of complete A-V 
block, only 4 cases of left bundle branch 
block, only 8 cases of auricular fibrilla­
tion or flutter. If we take major Q 
waves (Code I, 1) as the most definite 
evidence of previous infarction, it is 
interesting that only 9 cases were 
found, or a rate of 5.3 per thousand 
men aged 40—59. 

The Minnesota Code for the ECG 
was not available until several years 
after the Nicotera survey. Further, the 
ECG records from Nicotera may not 
be entirely comparable with the ECG 
records from the other samples because 
of some questions about technique and 
equipment. However, the following may 
be noted. Two farmers aged 55 and 57 
and one hairdresser aged 46 had re­
cords indicating old infarction (Minne­
sota Code I, 1). Isolated S-T 
depression of 0.5 mm. or more in rest 
was observed in 9 men (3 aged 45—49, 
2 aged 50—54, 4 aged 54—59). Isola­
ted flat or negative T wave in rest was 
observed in 5 men (2 aged 45—49, 2 
aged 50—54, one aged 56). S-T 

depression associated with T wave 
abnormality or auricular fibrillation was 
noted in 3 men in rest (ages 45, 47, 54) 
and 4 men post-exercise (ages 49, 52, 
55, 59) one of whom was diabetic. 
There were no cases of bundle branch 
block. 

Angina pectoris was diagnosed in 
only one man at Nicotera, an obese 
landowner aged 57 whose EGG was 
normal. Three hypertensive men (B.P. 
160/95 or more) snowed ECG evidence 
of left ventricular hypertrophy; their 
ages were 54, 56 and 58. At Nicotera 
there were five men with rheumatic 
heart disease (4 aged 45—49, one aged 
55) and three with pulmonary heart 
disease (ages 49, 56 and 59). In 
general, then, it seems that the 
prevalence of coronary heart disease at 
Nicotera was low. 

Prevalence of Hypertension 

The prevalence of hypertension, by 
two different criteria, of diastolic blood 
pressure, in these Italian villages is 
summarized in Table C2.14. Among 
men of the same age, at Crevalcore 
hypertension was about twice as com­
mon as at Montegiorgio and some five 
times more common than at Nicotera. 
These differences are statistically high­
ly significant. For example, even the 
smallest difference, that between Mon­
tegiorgio and Nicotera with 100 mm. in 
diastole as the criterion, proves to have 
a value of p <C 0.02. 

In comparison with the average 
prevalence of hypertension in all 18 
samples in these cooperative studies, 
Nicotera is extremely low, Montegior­
gio is definitely low, and Crevalcore is 
higher than the average. All of these 
differences between Montegiorgio and 
Nicotera and the rest of the 17 samples 
are statistically highly significant. The 
difference between Crevalcore and the 
rest of the populations is not significant 
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TABLE C2. 14 

Prevalence of diastolic hypertension (95 or more , 100 or more mm Hg, fifth phase) 
among men classed by age. Percentage of men in rural Italy who a re hypertensive, 
compared with the average for all 18 samples of men. 

SAMPLE 40-44 45-49 50-54 55-59 
9 5 mm 100 mm 9 5 mm 100 mm 9 5 mm 100 mm 9 5 mm 100 mm 

Nicotera 
Crevalcore 
Montegiorgio 

--
16. 5 
5. 7 

--
8. 5 
2 . 4 

1. 
20. 

8. 

3 
5 
9 

0. 
10. 

2. 

9 
3 
8 

4 . 
25 . 
14. 

9 
9 
7 

3 . 
15. 
8. 

3 
5 
3 

6. 
28. 
15. 

0 
5 
3 

4 . 
17. 
8. 

3 
1 
4 

Mean, 18 samples 13.6 7.9 15.6 8.9 20.9 13.5 21.5 13.1 
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with 100 mm. in diastole as the criterion 
(p = about 0.12) but with 95 mm. as 
the criterion the difference is highly 
significant (p = about 0.005). 

Prevalence of Overweight 

Table C2.15 shows the percentage of 
men, classed by age, who were over­
weight by either of two criteria — 
110 per cent or more or 120 per cent 
or more of the average weight for 
height and age as given in the Appen­
dix. By either criterion, overweight 
was much more common in Crevalcore 
than in either Nicotera or Monte-
giorgio. The difference between Nico­
tera and Montegiorgio in this respect is 
small. 

Compared with all 17 other samples 
of men, Nicotera differs little; Monte­
giorgio tends to have rather more cases 
of overweight than expected; in Cre­
valcore the frequency of overweight is 
about double the expectation. 

Hypertension versus Other Variables 

The distributions of the hypertensive 
men according to decile classes of 
relative body weight, 2 skinfolds and 
serum cholesterol concentration are 
shown in Figures C2.4, C2.5 and C2.6. 

In all areas the prevalence rate of 
hypertension rises markedly, though not 
uniformly, with increasing values for 
these other variables; absence of a trend 
would be indicated by random varia­
tions about a horizontal straight line. 
At Montegiorgio the upward trend of 
prevalence with increasing relative 
weight and with 2 skinfolds seems to be 
definitely curvilinear. This is scarcely 
indicated at Crevalcore except, perhaps, 
in the sharp rise in prevalence from 
the ninth to the tenth decile in relative 
body weight. 

The trend toward increasing preva­
lence of hypertension with increasing 
serum cholesterol values seems to be 
more or less linear in both areas. The 
relationship of hypertension frequency 
to serum cholesterol is statistically 
highly significant and the same is true 
for the relationships to relative weight 
and 2 skinfolds. 

These relationships are particularly 
striking if the prevalence of hyper­
tension in the upper 30 per cent 
(deciles 8, 9, 10) of the distributions 
is expressed as percentage of the prev­
alence among men in the bottom 30 
per cent ( deciles 1 ,2,3) of the distribu­
tions. For Crevalcore and Montegior­
gio combined, the percentage is 251 per 
cent for relative weight, 229 per cent 
for 2 skinfolds, 186 per cent for se­
rum cholesterol. 

The relative rarity at Nicotera of 
hypertension, as here defined, and the 
small numbers on whom serum choles­
terol was measured, makes the corres­
ponding analysis less certain for that 
sample. However, 11 out of a total of 
16 "hypertensives" were in the top 3 
deciles of relative body weight, none in 
the bottom 3 deciles; and 10 out of the 
16 were in the top 3 deciles of 2 skin­
folds and only one in the bottom 30 per 
cent of the 2 skinfolds distribution. 
There were only 2 cases of hyperten­
sion among the 68 men aged 45—59 on 
whom cholesterol values were obtained; 
they were both in the eighth decile of 
the cholesterol distribution of the 68 
Nicotera men. 

Overweight versus Other Variables 

If 110 per cent of "standard" average 
body weight for given height and age 
is taken as the criterion for overweight, 
among men aged 40—59, at Crevalcore 
34 per cent and at Montegiorgio 20 per 
cent would be classed as overweight. 
The difference is statistically highly 
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T A B L E C2. 15 

P r e v a l e n c e of o ve rwe igh t (110 o r m o r e and 120 o r m o r e p e r cent of " s t a n d a r d " 
a v e r a g e for h e igh t and a g e ) . P e r c e n t a g e of m e n in r u r a l I t a ly , c l a s s e d by a g e , who 
a r e o v e rwe igh t , c o m p a r e d wi th t he a v e r a g e for a l l 18 s a m p l e s of m e n . 

S A M P L E 

N i c o t e r a 
C r e v a l c o r e 
Mon t eg i o r g i o 

Mean , 18 s a m p l e s 2 0 . 9 8 .4 19 . 4 6 . 9 1 8 . 1 6 . 7 16 .8 7 . 3 

40-
110% 

--
42 . 9 
2 2 . 0 

-44 
120% 

20. 9 
6 . 5 

45-
110% 

2 1 . 7 
3 4 . 7 
2 4 . 8 

-49 
120% 

9. 1 
16 .2 
11 .8 

50-
110% 

12 .2 
30 . 1 
16 .6 

-54 
120% 

5 .7 
12.6 
6 . 5 

55-
110% 

17. 1 
3 3 . 3 
18. 5 

-59 
120% 

4 . 3 
19. 1 
10. 8 
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significant. The distribution of these 
overweight men by decile classes of 
serum cholesterol, diastolic blood pres­
sure and systolic blood pressure are 
shown in Figures C2.7, C2.8 and C2.9. 
In both areas there is a marked 
tendency for prevalence of overweight 
to rise with increasing levels of these 
other variables and in all cases this is 
of high statistical significance. In 
Crevalcore the trend lines do not 
depart significantly from a straight 
line; in Montegiorgio there is a distinct 
suggestion of curvilinearity. 

As in the case of hypertension, it is 
interesting to compare the prevalence 
of overweight among the men in the 
top and the bottom 30 per cent classes 
of distribution of the other variables. 
For serum cholesterol, the prevalence 
of overweight in the top 30 per cent is 
185 per cent of that in the bottom 30 
per cent; the corresponding figures for 
systolic and diastolic blood pressures 
are, respectively, 205 and 182 per cent. 

Among 470 Nicotera men aged 45— 
49, 85 men, or 18 per cent, were classed 
as overweight by the present criterion. 
The difference from the figure for 
Montegiorgio is not significant. The 
distribution of these overweight men 
into the decile classes of blood pressure 
is shown in Figure C2.7. Forty-one of 
these overweight men were in the top 
30 per cent and only eight in the bottom 
30 per cent of the systolic blood 
pressure distribution. The correspond­
ing figures for diastolic blood pressure 
are 42 men in the top and six men in 
the bottom 30 per cent. Cholesterol 
data were available on only 13 
overweight men; eight of them were in 
the top and one in the bottom 30 per 
Cent of the cholesterol distribution. 

Prevalence of Obesity and of 
Hypercholesterolemia 

Section H, below, presents a system 
for classifying men aged 40—59 into 
grades of body fatness and of 
hypercholesterolemia based on the dis­
tributions of 2 skinfolds and of serum 
cholesterol concentration observed 
in seven samples of men in areas of 
favorable mortality from all causes and 
prevalence of coronary heart disease. 
For each of the two variables cutting 
points were found which include the 
top 5, 10, 15 and 20 per cents of the 
reference population. Accordingly, 
Grade 1 obesity is assigned to men 
whose 2 skinfolds value exceeds 37 
mm., Grade 2 covers the range 32—37, 
Grade 3 covers 29—31, and Grade 4 
covers 26—28 mm. Grade 1 may be 
considered to be "extreme". The 
grades of hypercholesterolemia were 
assigned to serum cholesterol values on 
a similar basis. 

With these criteria, the prevalence 
of any degree of obesity proves to be 
16, 39, and 16 per cent for men at 
Nicotera, Crevalcore and Montegiorgio, 
respectively. These figures emphasize 
the marked contrast between Creval­
core on the one hand and Nicotera and 
Montegiorgio on the other. Further, it 
is clear that obesity is much more 
common in Crevalcore than the general 
prevalence in areas of favorable 
mortality and prevalence of coronary 
heart disease. In Crevalcore 39 per cent 
of the men are obese but for all areas 
used as the base, only 18 per cent are 
obese; for extreme obesity the corres­
ponding figures are 13 and 5 per cent. 

The prevalence of hypercholesterol­
emia of any degree was 22, 21, and 12 
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per cent at Crevalcore, Montegiorgio 
and Nicotera, respectively; the corres­
ponding figures for extreme ( Grade 1 ) 
hypercholesterolemia are 6,6, and zero 
per cent. 

Summary 

Over 98 per cent of all men aged 
40—59 were examined in three rural 
areas of Italy centered on the villages 
of Nicotera (near the "toe" of Italy), 
Crevalcore (in the lower Po valley), 
and Montegiorgio (in the hills near the 
Adriatic Sea in the Province of 
Marche). In all three areas most of the 
men were engaged in small-scale 
farming and there was no other 
significant industry. Correspondingly, 
about two thirds of the men, including 
the oldest group (55—59), habitually 
did heavy physical work and there were 
few sedentary men. 

The men of Nicotera tended to be 
the shortest and thinnest and to be 
least often hypertensive, the men of 
Crevalcore being at the opposite 
extreme in these variables. Serum 
cholesterol concentration tended to be 
relatively low in all areas but especially 
so in Nicotera. Within each area the 
least active men tended to be the fattest 
and to have higher blood pressures and 
serum cholesterol values. But it is 
shown that these relationships are 
confounded with socio-economic status. 
If either physical activity or socio­
economic status is considered alone, its 
apparent effect on the measured 
variables is much over-estimated. 

Most of the middle-aged men in 
these villages smoke cigarettes but 
relatively few smoke 20 or more ciga­
rettes daily. The non-smokers, both 
those who never smoked and those who 
had stopped, were more often over­
weight and obese than the smokers. 
They also tended to higher blood 

pressure and serum cholesterol values 
but this was less marked than their 
trend to relative obesity. 

Twelve-lead electrocardiograms in 
rest and after a standard exercise test 
showed relatively few abnormalities in 
any of the three areas. By any criterion 
the prevalence of heart disease was low. 

Hypertension was frequent in 
Crevalcore and fairly common in 
Montegiorgio. With the criterion of 
95 mm. or more in diastole (fifth phase) 
in rest, 23 per cent of the men of 
Crevalcore were hypertensive; the 
corresponding figure for Montegiorgio 
being 11 per cent. Hypertension was 
uncommon in Nicotera. 

In all areas the prevalence of 
hypertension was directly, but 
curvilinearly, related to relative body 
weight and body fatness; there was a 
less marked apparently linear relation­
ship between serum cholesterol and hy­
pertension. Overweight was common in 
Crevalcore and rare in Nicotera. 
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Interesting contrasts between villages 
in Dalmatia and in Slavonia, Yugo­
slavia, in regard to the diet and serum 
cholesterol concentration, and reputed 
differences between those regions in the 
fiequency of heart disease, emerged 
from surveys conducted by several of 
the present collaborators (Brozek 1955; 
Brozek er al., 1957). These facts, plus 
the experience of excellent cooperation 
in these areas, led to the organization 
of a more systematic study on a larger 
scale. 

Two regions in Dalmatia and in Sla­
vonia were selected on the basis of pre­
vious experience and exploratory talks 
with officials and influential people in 
the areas of interest. Rosters of all 
men aged 40—59 were established and 
checked and the work of examination 
was carried out in the fall of 1958. In 
Dalmatia 727 out of 742 men in the 
roster were examined in full (98.0 per 
cent) and the coverage was also good 
in Slavonia; 749 out of 815 men (91.9 
per cent) were examined; most of those 
missed were not refusals but were men 
who were temporarily at work away 
from their villages. The methods and 
criteria, improved from those developed 
in the exploratory studies in 1957 in 

Nicotera and Crete, were those that 
subsequently formed the common pro­
tocol of the surveys in Finland and 
elsewhere and are reported, in part, in 
the present publication. 

Dalmatia 

Dalmatia was invaded and long 
ruled by the Romans who, however, did 
not settle there in large numbers. The 
original Illyrian population was dis­
placed by or absorbed into the Slavic 
population who migrated into the region 
about fourteen hundred years ago. 

The area of study comprises a series 
of villages in a coastal strip of rather 
barren mountainside along the Adriatic 
stretching south some 60 kilometers 
from the port town of Makarska. The 
population is Croatian with here and 
there notable influences from neighbor­
ing Italy. Though the region was long 
ruled by Austria, there is little evidence 
of Germanic or Teutonic influence. 

Small-scale hand farming provides a 
livelihood for most of the population 
with fishing a poor second in impor­
tance. The land is poor and in the ab­
sence of any other industry the econom-
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ic level is low. Tourist traffic on the 
Dalmatian coast is increasingly im­
portant in the past few years but as 
yet has had little impact on the villages 
of the present study. The climate is 
generally mild and temperate. Local 
produce includes grapes, wine, figs, ol­
ives, a variety of other fruits, and small 
plots of land devoted to cereals. Olive 
oil has been an important part of the 
local diet. There is a health center and 
small hospital at Makarska. 

Slavonia 

The area of study in Slavonia is cen­
tered in the large village of Dalj, near 
the Drava River in a broad plain close 
to the Hungarian frontier of Yugosla­
via. There is bus and local train com­
munication with the nearby regional 
capital of Osijek which has high 
schools, technical training schools and 
a general hospital. The population is 
almost entirely Slav, about two-thirds 
Serbs and one-third Croats. 

This is an agricultural region of flat 
fertile land, well suited to mechanized 
farming, and modern methods are 
slowly replacing primitive methods of 
agriculture. There is no other industry. 
Economically, the population may be 
somewhat better off than that of 
Dalmatia, but the full potential of the 
region has not yet been developed. The 
climate is mid-continental, with hot 
dry summers and severe winters with 
heavy snows. 

Distribution by Physical Activity 
and Occupation 

Table C3.1 shows the distribution of 
the men in Dalmatia and Slavonia. In 
both areas the majority of the men do 
hard physical work (Grade 3) and 
there is no tendency for the percentage 
of men in the high activity class to de­

cline with age over the ages 40—60; 
there is actually some trend in the op­
posite direction. In Dalmatia only 7.9 
per cent of the men 40—59 are seden­
tary or engaged only in light work. 
This class of physical activity has a 
larger representation in Slavonia but 
still amounts only to 17.2 per cent. 

Table C3.2 summarizes the occupa­
tional distribution of these men. Only 
5.3 per cent in Dalmatia and 8.6 in Sla­
vonia are in the professional, mana­
gerial and official class and more than 
half in both areas are simple farmers. 
In Dalmatia 13.3 per cent are fisher­
men but they also do some farming. 

Distribution by Six Measured 
Variables 

Table C3.3 gives the medians, and 
those medians expressed as percentages 
of the averages of the medians for all 
men in the 18 samples in the present 
cooperative studies, of height, relative 
body weight (as percentage of the 
"standard" average for height and 
age), body fatness (2 skinfolds over 
the triceps muscle and over the tip of 
the scapula), systolic and diastolic (5th 
phase) blood pressure, and serum cho­
lesterol concentration. Cumulative fre­
quency distributions of these variables 
are shown in Figures C3.1 and C3.2. 
Details of the distributions are tabu­
lated in the Appendix. 

The Dalmatians average about 5 cm. 
taller than the Slavonians and in both 
samples, as in other samples over these 
ages, the youngest men are the tallest. 
In relative body weight the men are 
similar in both samples and are defi­
nitely lighter for their height and age 
than the general average of the men 
studied. In both areas the men are 
decidedly thin, with all median values 
being close to 15 mm. for 5 skinfolds. 
Allowing for true skin thickness, this 
means that the average thickness of the 
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TABLE C3. 1 

Physical activity, men in Dalmatia and Slavonia classed by age and physical 
activity ("ACT. , " 1 = sedentary and light, 2 = moderate, 3 = heavy work). 
N = total men. Table entries are percentages of all men of given age in the 
area. 

A G E 

40-44 
45-49 
50-54 
55-59 
40-59 

DALMATIA, 
ACT. 1 

10.6 
8 . 7 
6 . 2 

7 . 8 

7 . 9 

ACT. 
16.5 
15 .3 
8. 1 

10.4 
11 .8 

N 
2 

= 671 
ACT . 3 

72 .9 
76 .0 
85 .7 
81 .8 
80 .3 

SLAVONIA, 
ACT . 1 

21 .6 
2 1 . 4 
11. 1 
17. 1 
17.2 

ACT. 
14.7 
8 . 3 

9. 1 
7 . 4 
9 . 2 

N 
2 

= 699 
ACT. 

6 3 . 7 
70 .3 
79 .8 
75 .5 
73.6 

TABLE C3. 2 

Occupation of men in Dalmatia and Slavonia classed: Codes 1-15 (business, 
professional, government officials), Codes 66-69, 71-75 (farming, agriculture, 
forestry), and all others. Table entries are percentages of all men in the area. 

OCCUPATION 

Codes 1-15 
" 6 6 -69 , 71-75 

All Other 

DALMATIA 

5 . 3 
61 . 4 
33 .3 

SLAVONIA 

8 . 6 
57. 1 
34 .3 

TABLE C3.3 

Medians for men, classed by age, in Dalmatia and in Slavonia and these values as per­
centages of the average of the medians for all 18 samples of men. 

AREA VARIABLE MEDIAN VALUES MEDIAN, % OF AVERAGE 
40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-5Ç 

DALMATIA 
M 

11 

II 

I I 

1! 

SLAVONIA 
n 

i t 

H 

i t 

n 

Height ( cm. ) 
Re l . Wt. (%) 
2 Skinfolds 
Syst . B . P . 
D ias t . B . P . 
Se rum Choi. 

Height (cm. ) 
Re l . Wt. (%) 
S Skinfolds 
Syst . B . P . 
Dias t . B . P . 
S e rum Choi. 

175 
94 
15 

136 
85 

182 

170 
95 
15 

130 

79 
196 

173 
93 
15 

135 
80 

185 

168 
94 
15 

130 
80 

197 

173 
90 
14 

137 
82 

186 

166 
88 
13 

131 

80 
200 

172 
88 
13 

135 
82 

188 

168 

91 
14 

140 
84 

194 

103. 1 
95 .8 
70. 8 

103.8 
104.9 
88 .2 

100. 1 
96 .8 
70 .8 
99 .2 
97. 5 
95 .0 

102. 3 
96 .7 
73 .5 

101. 5 
9 8 . 3 
89 .2 

99 .4 
97 .7 
73 .5 
97 .7 
98 .3 
95 .0 

102. 8 
94 .5 
67 . 6 

100. 0 
98. 3 
89 .0 

98 .6 
92 .4 
6 2 . 8 
95.6 
95. 9 
95 .7 

102.6 
93 .5 
6 5 . 3 
96 .0 
9 7 . 3 
91 .0 

100.2 
96 .7 
70 .4 
99 .6 
99.6 
93 .9 
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subcutaneous fat is only about 2 to 3 
mm. 

The Dalmatians are remarkable in 
regard to blood pressure in that they 
show no rise with age in either systole 
or diastole over most of the distribu­
tion; the median values are actually 
lower at ages 55—59 than at 40—44. 
The ninth decile cutting points for sys­
tolic pressure in the Dalmatian men is 
160 at ages 40—44, 165 at ages 55—59; 
the corresponding values for diastolic 
pressure are 95 and 99 mm. The Sla­
vonians are little different in blood pres­
sure except that they show more age 
trend, the medians being lower than in 
Dalmatia at ages 40—44 but higher at 
ages 55—59. 

The serum cholesterol values are 
decidedly low according to findings in 
the United States and northern Europe 
and they are clearly lower in Dalmatia 
than in Slavonia, the medians for cor­
responding ages differing by about 12 
mg. cholesterol per 100 ml. of serum. 

Physical Activity and 
Socio-Economic Status 

In these population samples men with 
low physical activity tend to be more 
often relatively overweight, obese and 
to have high blood pressure and relative 
hypercholesterolemia than their more 
active counterparts. For example, in 
the combined material for Dalmatia and 
Slavonia, chance expectation would 
place equal numbers of men in Activity 
Classes 1 + 2 in the upper and in the 
lower 30 per cent categories of all men 
of equal age in the same area (deciles 
8—10 and 1—3, respectively). But the 
data for men in these lower activity 
classes show 129 men in the upper 30 
per cent group of relative weight and 
only 62 in the lower 30 per cent group. 
Corresponding figures for 2 skinfolds 
are 138 and 48 men, for systolic blood 
pressure 89 and 74 men, for diastolic 

blood pressure 95 and 82, and for se­
rum cholesterol 93 and 63 men. 

But attention to socio-economic sta­
tus, ignoring physical activity, shows 
even more striking departures from 
random chance. Among the men in the 
upper socio-economic class (Occupa­
tions 1—13), 61 were in the decile 
classes 8—10 for relative weight and 
only 10 men in decile classes 1—3. 
Corresponding figures for 2 skinfolds 
are 67 and 13 men, for systolic blood 
pressure 36 and 26, for diastolic blood 
pressure 37 and 26, and for serum cho­
lesterol 33 and 17 men. 

Obviously, the interpretation of these 
data is complicated because of the 
high correlation (inverse) between 
physical activity and socio-economic 
status. Almost no men of higher socio­
economic status engage in physical 
activity (Class 3) in these populations; 
relatively few men in the lower socio­
economic class are sedentary. Attempts 
at more detailed analysis are shown in 
Tables C3.4, C3.5, and C3.6. The 
general question of physical activity 
versus socio-economic status in regard 
to obesity, high blood pressure, etc., is 
discussed in more detail in Section D, 
below. 

Smoking Habits 

Next to the sample in Velika Krsna, 
also in Yugoslavia, the men in Dalmatia 
and Slavonia tended to smoke less than 
the men in any of the other samples in 
these studies. Table C3.7 shows the 
distribution of cigarette smoking habits 
by age. It should be noted that pipe and 
cigar smoking is rare in these areas. 
In both areas the percentage of men 
who had never smoked tends to fall 
with age while the percentage of 
stopped smokers has the opposite 
tendency so that the percentage of non-
smokers is fairly constant at all ages. 
In general, the men of Dalmatia smoke 
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TABLE C3.4 

Activity I v s . Activity 2. Excess frequency of high values (deciles 8-10) of the var iables ' 
observed among men of Activity 1, expressed a s % of expectation from total numbers of 
men in Activit ies 1 plus 2. Also, ch i - square values for the differences between observed 
and expected d is t r ibut ions . 

OCCUPATION 

Dalmatia 
1-94 
1-13 
14-94 
Slavonia 
1-94 
1-13 
14-94 

REL. 
Excess 

79.7 
11.1 

100.0 

19.5 
10.4 
21 .4 

W T . 
; Chi2 

16.02 
1.30 
1.70 

7 .44 
1.46 
1.20 

S SKINFOLDS 
Excess Chi2 

57.9 
11.8 
66.7 

18.8 
1.0 

17.6 

15.20 
6. 14 
1.44 

7 .28 
0 
0.70 

TABLE 

SYST. 
Excess 

18.6 
16.5 

-20 .0 

- 6 . 8 
- 1 . 5 

-34. 8 

C3.5 

B. P . 
Chi2 

0.54 
0.90 
0 

0.24 
0 

1.69 

DIAST. 
Excess 

30 .4 
16.5 
25.0 

- 6 . 3 
- 1 . 5 

- 13 . 8 

B. P . -
Chi2 

1.72 
0.90 
0.01 

0.26 
0 
0.23 

CHOLESTERC 
Excess Chi^ 

12.0 0.18 
- 4 . 4 0 
20 .0 0 

- 10 .7 1.14 
- 2 . 4 0 
0 .7 0 

Activity 2 v s . Activity 3. Occupations 14-94 only. Excess frequency, as in Table C3. 4, 
of high values 

SAMPLE 

Dalmatia 
Slavonia 

among men of 

REL. WT. 
Excess Chi 

23.1 1.66 
54.8 6.17 

Activity 2. 

S SKINFOLDS 
Excess Chi 

48 .1 6.06 
55 .8 6.35 

SYST. 
Excess 

24 .4 
15.4 

B.P." 
Chi2 

1. 52 
0.46 

DIAST. 
Excess 

15.0 
33.3 

B . P . 
Chi2 

0.49 
2.65 

CHOLESTEROL 
Excess Chi 

19.4 0.91 
54. 8 7. 08 

TABLE C3. 6 

Occupation 1-13 v s . 14-94. Excess frequency, as in Table C3. 4, of high values among 
men in Occupations 1-13, expressed as % of expectation from total numbers of men in 
Occupations 1-13 + 14-94. 

ACTIVITY 

Dalmatia 
1+2 
1 
2 

Slavonia 
1+2 
1 
2 

REL. 
Excess 

70.4 
5 . 0 

60.0 

24.2 
7 . 6 
0 

W T . 
; Chi2 

13.29 
0. 14 
0.61 

5.01 
0.91 
0. 19 

S SKINFOLDS 
Excess 

38. 1 
3 . 3 

-14 .3 

31. 1 
11.4 
25.0 

Chi2 

6. 82 
0 .05 
0 

9. 06 
2. 57 
0 

SYST. 
Excess 

12.0 
10. 1 

-35 .5 

13.5 
19. 8 
42.9 

B . P . 
Chi2 

0. 12 
0.27 
0.20 

0.51 
2. 13 
0 

DIAST 
Excess 

13. 8 
2 . 6 

40.0 

1.0 
4. 2 

25. 0 

. B . P . 
Chi2 

0. 26 
0 
0.05 

0 
0. 02 
0 

CHOLESTER 
Excess Chi' 

16.3 0.46 
0 0 

37.9 0.22 

-23 .8 2.79 
-16.7 1.62 
11.1 0 

P robabi l i t ies , p, associated with ch i -square values: 2 . 71 , p = 0.10; 3.84, p - 0 .05; 5 .41 , 
p = 0.02; 6. 64, p = 0. 01; 10. 83, p = 0 .001 . 
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TABLE C3. 7 

C iga re t t e smoking habi t s of men of Dalmat ia and Slavonia. P e r c en t age of men 
who neve r smoked, who had s topped, who smoked 1-9, 10-19, 20 o r m o r e 
c i ga r e t t e s daily at the t ime of t he i r examinat ion . 

SAMPLE AGE NEVER QUIT 1-9 10-19 20 OR MORE 

Dalmat ia 40-44 39 .4 7 .1 7 .1 30 .9 15.5 
" 45-49 33 .3 8.9 7 .2 27 .8 2 2 . 8 
" 50-54 26 .3 11.0 8.1 32 .1 22 .5 
" 55-59 26 .9 16 .8 6 .3 23 .7 2 6 . 3 

11 40-59 30 .0 11.6 7 .2 28 . 4 22 .8 

9 . 8 
8 .8 

10. 1 

40-59 26 .4 13.2 9 .3 3 2 . 3 

Slavonia 
M 

M 

t i 

40-44 
45-49 
50-54 
55-59 

31 .3 
30 .4 
20 .2 
26 .5 

10 .8 
13 .8 
13 .1 
14.0 

26 .5 
31 .0 
35 .9 
32 .6 

21 .6 
16 .0 
20 .7 
18. 1 
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a little more than do the Slavonians. 
Among those who do smoke, the num­
ber of cigarettes smoked daily shows 
little age trend. 

Table C3.8 considers the association 
of smoking habits with other charac­
teristics of these men. In both areas 
the non-smokers tend to be above the 
median for all men of their age in their 
sample in relative weight, body fatness 
and blood pressure and these trends are 
statistically highly significant. On the 
other hand, the heavy smokers, who 
regularly smoke 20 or more cigarettes 
daily, show the opposite tendencies, 
though only the Slavonian heavy 
smokers are significantly distinguished 
in this respect. 

In Dalmatia the serum cholesterol 
level shows little relationship to 
smoking habits but in Slavonia the non-
smokers are unduly represented in the 
above-median serum cholesterol class 
while the heavy smokers are signifi­
cantly more apt to be below the median. 
"Other" smokers in Slavonia, who 
smoke regularly but fewer than 20 
cigarettes a day, tend to be below the 
cholesterol median. 

Electrocardiographic Findings 

The electrocardiographic findings in 
rest and immediately after the standard 
exercise test are summarized in Tables 
C3.9, C3.10, C3.l l and C3.12. ECG 
abnormalities of any kind are remark­
ably uncommon in Dalmatia — in 
rest not a single case of definite old 
infarction (Code I, 1), only 7 cases of 
S-T depression, 3 of significant T wave 
inversion, no A-V blocks (partial or 
complete), only one left bundle branch 
block, only 3 men (all 55—59) with 
auricular fibrillation or flutter, 9 cases 
of sinus tachycardia, in a total of 669 
men aged 40—59, 60 per cent of them 
over 50 years of age. The exercise test 
added little more evidence of abnor­

mality — 4 cases of ischemic S-T 
depression and 5 cases of arrhythmia 
where the records had shown none in 
rest. 

The Slavonian men showed more 
pathology but their records were still 
better than the usual expectation from 
other population samples. There were 
3 men with definite old myocardial 
infarction, 10 of significant S-T depres­
sion and 12 of T wave inversion, 2 
left bundle branch blocks and 2 cases 
of atrial fibrillation or flutter. However, 
there were 79 cases of high amplitude 
R waves (left type), and 27 men with 
significant sinus tachycardia in rest. 
The exercise test was more productive 
of ECG changes in Slavonia than in 
Dalmatia, with three times as many 
cases of ischemic S-T depression where 
the records were normal in rest. 

Prevalence of Hypertension 

Table C3.13 shows the prevalence of 
hypertension by age, using two 
different criteria of diastolic blood 
pressure. In general, hypertension is 
more common in Slavonia than in 
Dalmatia, especially among the oldest 
men (ages 55—59). Compared with all 
samples of men in these studies, the 
Slavonians are in the middle of the 
distribution for hypertension whereas 
the Dalmatians are somewhat less prone 
to high blood pressure. 

Figures C3.3 and C3.4 show the 
distribution of the hypertensive men 
(diastolic pressure 95 mm. or more) of 
Dalmatia and Slavonia in decile classes 
of relative body weight, of the sum of 
the skinfolds, and of serum cholesterol 
concentration. In each case there is a 
striking curvilinear relationship, hy­
pertension being practically unrelated 
to these other variables except at the 
upper ends of their distributions. For 
relative body weight and 2 skinfolds 
the men in the top 20 per cent of the 

http://C3.ll
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TABLE C3. 8 

Smoking. Number of men in Yugoslavia below (LOW) and above (HIGH) the age - spec i f i c 
med i an s , for age and a r e a , of m e a s u r e d v a r i a b l e s , c l a s s ed accord ing to smoking 
hab i t s . HEAVY = 20 or m o r e , OTHER = 1-19 c i ga re t t e s dai ly . 

VARIABLE SAMPLE NON-SMOKERS 
LOW HIGH 

HEAVY OTHER 
LOW HIGH LOW HIGH 

Rela t ive Weight 
M II 

TJ Skinfolds 
ti it 

Systol ic B. P . 
I l M 

Diastol ic B. P . 
ii ii 

Se rum Cho les te ro l 
n H 

Dalmat ia 
Slavonia 

Dalmat ia 
Slavonia 

Dalmat ia 
Slavonia 

Da lmat ia 
Slavonia 

Da lmat ia 
Slavonia 

112 

78 

107 
82 

122 

118 

122 

118 

137 
110 

162 

198 

167 
194 

153 
158 

154 
158 

137 
157 

87 
87 

80 
87 

79 
72 

84 
75 

82 
155 

64 
4 4 

70 
4 4 

72 

59 

67 
56 

68 
124 

133 
181 

134 

177 

129 
156 

125 
153 

111 
75 

103 
106 

102 
110 

106 

131 

116 
134 

121 
55 
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TABLE C 3 . 9 

DALMATIA, YUGOSLAVIA 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
To ta l wi th r e po r t a b l e 

ECG I t ems 

Q Waves 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T Dep r e s s i on ( r e s t ) 
S-T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S-T - J 0. 5 - 1 nana. , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s egmen t downward 
S-T - J 1 m m , o r m o r e , upward 

s egmen t 

T -Wave Negat ivi ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m . to -5 nam. 
0 + l . m m . 

A-V Conduct ion Defect 
Comple te Block 
P a r t i a l Block 
P - R ove r 0 .21 second 
A c c e l e r a t e d Conduct ion 

Ven t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I ncomple te Right Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
Ven t r i c u l a r t a c hyc a r d i a 
A t r i a l f i b r i l l a t ion , f lu t ter 
S up r a -ven t , t a c hyc a r d i a 
Ven t r i cu l a r r hy thm 
A-V nodal r hy thm 
Sinus t a c hyc a r d i a 
Sinus b r a dyca r d i a 

ECG 
Code 

I - IX 

I 1 
2 
3 

II 
1 
2 

III 
1 
2 

40 -44 
( 8 4 ) 

26 (309.5) 

0 
1 ( 11 .9) 
1 ( 11 .9 ) 

1 ( 11 .9 ) 
0 

3 ( 35 .7) 
0 

45-49 
(184) 

50 (271.7) 

0 
2 ( 10 .9) 
4 ( 2 1 . 7 ) 

10 ( 5 4 . 3 ) 
M 5 .4) 

6 ( 32. 8) 
2 ( 10 .9) 

50-54 
(211) 

50 (237 .0) 

0 
3 
0 

2 
0 

( 14 .2) 

( 9 . 5 ) 

8 ( 37 .9 ) 
M 4 .7 ) 

55-59 
(190) 

41 (215. 8) 

0 
2 ( 10 .5) 
M 5 .3) 

10 ( 5 2 . 6 ) 
0 

2 ( 10 .5) 
0 

IV 

V I 

VI I 

VIII 

M 5.3) 

2 
3 

4 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 

1 ( 

0 

0 
0 

1 ( 

0 
0 
0 
0 

0 

1 ( 
3 ( 
0 

2 ( 
0 
0 
0 
0 
0 

1 ( 
0 

11. 

11. 

11 . 
35. 

23 . 

11 . 

.9) 

.9) 

9) 
7) 

8) 

9) 

0 

1 ( 

0 

0 

1 ( 
1 ( 

0 
0 
0 
0 

0 
2 ( 
3 ( 
0 

0 
0 
0 
0 
0 
1 ( 
3 ( 
1 ( 

5. 

5, 
5. 

10. 
16. 

5. 
16. 
5. 

.4) 

.4) 

.4) 

9) 
3) 

4) 
3) 
4) 

1 ( 
1 ( 

0 

0 

1 ( 
1 ( 

0 
0 
0 
1 ( 

0 

1 ( 
4 ( 
1 ( 

0 
0 
0 
0 
0 
0 
4 ( 
0 

4 . 7 ) 
4 . 7 ) 

4 .7 ) 
4 . 7 ) 

4 . 7 ) 

4 .7 ) 
19 .0) 
4 . 7 ) 

19 .0) 

1 ( 
1 ( 

0 

0 

1 ( 
3 ( 

0 
0 
0 
2 ( 

1 ( 
1 ( 
2 ( 
0 

4 ( 
0 
3 ( 
0 
0 
0 

1 ( 
0 

5 .3) 
5 .3) 

5 .3) 
15. 8) 

10 .5 ) 

5 .3) 
5 .3) 

10 .5 ) 

2 1 . 1) 

15. 8) 

5 .2 ) 

Techn ica l ly poor r e c o r d s IX 8 
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TABLE C3. 10 

DALMATIA, YUGOSLAVIA 

ECG 
Code 
X 1 
X 2 

40-44 
( 83 ) 

1 ( 12.0) 

45-49 
(179) 

5 ( 27.9) 

50-54 
(209) 

2 ( 9.6) 

55-59 
(187) 

3 ( 16.0) 

XI 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Exercise tests not made or 

incomplete 
S-T Depression post-exercise 

(none at rest) 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0. 5 - 1 mm. , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
- 1 to - 5 mm. 
0 +_ 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

XII 

XV 

XI 

1 ( 
1 ( 

5.6) 
5.6) 

1 ( 
0 

4.8) 

2 ( 11.2) 1 ( 4. 8) 

M 5.3) 

0 
0 

1( 5.3) 

1 
2 
3 

1 

8 

0 
0 
0 

0 

0 

0 
0 
0 

1 ( 

1 ( 

5.6) 

5.6) 

0 
0 
2 ( 

1 ( 

0 

9.6) 

4.8) 

0 
0 
2 ( 

3 ( 

1 ( 

10.7) 

16.0) 

5.3) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 
Large Û Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block. 
Ventricular Conduction Defect 
Arrhythmias 

Post-exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect ; 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
1 2 , 3 + 
V 1, 2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2,4 
only 

XV 1 
only 

0 

0 

0 

1 ( 

1 ( 

0 
0 
1 ( 
0 

0 

0 

0 

0 

11 . 

11 . 

11 . 

8) 

8) 

8) 

0 

1 ( 

0 

1 

1 ( 

1 ( 
0 
2 ( 
1 ( 

1 ( 

0 

0 

1 ( 

5.5) 

5.5) 

5.5) 

10.9) 
5.5) 

5.6) 

5.6) 

0 

0 

0 

2 ( 

2 ( 

0 
0 
2 ( 
0 

2 ( 

1 ( 

0 

1 ( 

9.5) 

9.5) 

9.5) 

9.6) 

4.8) 

4.8) 

0 

0 

0 

1 ( 

1 ( 

0 
0 
2 ( 
3 ( 

2 ( 

1 ( 

0 

2 ( 

5.3) 

5.3) 

10.5) 
15.8) 

10.7) 

5.3) 

10.7) 
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TABLE C3 . 11 

SLAVONIA, YUGOSLAVIA 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 

ECG FINDING 
To ta l wi th r e po r t a b l e 

ECG I t ems 

Q Waves 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T Dep r e s s i on ( r e s t ) 
S-T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S-T - J 1 m m . o r m o r e , upward 

s egmen t 

T -Wave Negat iv i ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 + l . m m . 

A-V Conduct ion Defect 
Comple te Block 
P a r t i a l Block 
P - R ove r 0 .21 s econd 
A c c e l e r a t e d Conduct ion 

Ven t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I ncomple te Right Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
Ven t r i cu l a r t a c hyc a r d i a 
A t r i a l f i b r i l l a t ion , f lu t ter 
S up r a - v en t , t a c hyc a r d i a 
Ven t r i c u l a r r hy t hm 
A-V nodal r hy thm 
Sinus t a chyca rd i a 
Sinus b r a d y c a r d i a 

(Rate ] 

Ei 
Cc 

I -

I 

II 

III 

per 1, 

CG 
)de 

IX 

1 
2 
3 

1 
2 

1 
2 

000 men in p a r e n t h e s e s ) 
AGE GROUP 

(Number of Men) 
40 -44 
(102) 

30 (294. 1) 

0 
0 
0 

3 ( 29. 4) 
0 

14 (137.3) 
0 

60 

2 
2 
2 

8 
0 

15 
0 

45-49 
(180) 

(333.3) 

( 11 .1) 
( 11 .1) 
( 11 .1) 

( 44 .4 ) 

( 83 .3) 

50 -54 
(196) 

75 (382.7) 

1 ( 5 .1) 
1 ( 5 .1) 
1 ( 5 .1) 

9 ( 45 .9 ) 
0 

23 (117.3) 
1 ( 5 .1) 

55-59 
(216) 

84 (388 .9) 

0 
3 ( 13 .9) 
1 ( 4 . 6) 

20 ( 92 .6 ) 
0 

27 (125.0) 
0 

IV 

VI 

VII 

1 ( 5 .6) 

1 ( 4 . 6) 

2 
3 

0 
0 

2 ( 11 .1) 
2 ( 11 . 1) 

2 ( 
0 

10.2) 2 ( 
1 ( 

9 .3 ) 
4 . 6 ) 

1 ( 4 . 6) 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
S 

0 
0 

1 ( 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
3 ( 
0 

9 .8) 

29 .4 ) 

0 
3 ( 
8 ( 

0 
0 

1 ( 
0 

0 

1 ( 
3 ( 
0 

0 
0 
0 
0 
0 
0 
9 ( 
0 

16 .7) 
44 .4 ) 

5 .6) 

5 .6) 
16.7) 

50. 0) 

1 ( 
3 ( 
7 ( 

0 
0 
0 

1 ( 

1 ( 
0 
0 
0 

0 
0 

1 ( 
0 
0 
0 
8 ( 
0 

5 .1) 
15.3) 
35 .7 ) 

5 .1) 

5 .1) 

5 .1) 

40. 8) 

0 
5 ( 

10 ( 

0 
0 
0 

1 ( 

1 ( 
2 ( 
1 ( 
1 ( 

5 ( 
0 

1 ( 
1 ( 
0 
0 
7 ( 
0 

23 . 1) 
46 .3 ) 

4 . 6 ) 

4 .6 ) 
9 .3) 
4 .6 ) 
4 . 6 ) 

23 . 1) 

4 .6 ) 
4 .6 ) 

32 .4) 

Techn ica l ly poor r e c o r d s H 5.1) 
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E C G 

Code 
X 1 
X 2 

XI 

40-44 
(101) 

1 ( 9 .8 ) 

45-49 
(175) 

5 ( 27. 8) 

50 -54 
(189) 

7 ( 35 .7 ) 

55-59 
(204) 

12 ( 5 5 . 6 

TABLE C3. 12 

SLAVONIA, YUGOSLAVIA 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 
ECG FINDING 
Exercise tests not made or 

incomplete 
S-T Depression post-exercise 

(none at rest) 
S-T - J 1 mm. or more, horiz. 

or downward segment 1 0 " 3 ( 17. 1) 1 ( 5. 3) 1 ( 4. 9) 
S-T - J 0. 5 - 1 mm. , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 + 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

2 
3 

4 

X I I 

1 

2 
3 

XV 
1 

XI 8 

0 
0 

1 ( 

0 

0 
0 

0 

1 ( 

9 .9 ) 

9 . 9 ) 

2 ( 
0 

1 ( 

0 

0 

3 ( 

0 

0 

11.4) 

5 .7) 

17 .1) 

2 ( 
0 

0 

0 

0 

1 ( 

1 ( 

2 ( 

10. 

5 . 

5 . 

1 0 . 

. 6 ) 

3) 

. 3 ) 

6) 

3 ( 
0 

2 ( 

0 

2 ( 
0 

4 ( 

1 ( 

14 .7) 

9 .8) 

9. 8) 

19. 6) 

4 . 9 ) 

L a r g e Q Waves 
L e s s e r Q Waves 

wi th Negat ive T Waves 
Deeply Negat ive T a s so le 

anomaly 
O the r Nega t ive T a s so le 

anomaly 
S-T D e p r e s s i o n a s so le 

anomaly 
High Ampl i tude R 

wi th S -T D e p r e s s i o n 
Comple te H e a r t Block 
Ven t r i c u l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 
S-T D e p r e s s i o n a s so le 

anomaly 
Nega t ive T a s so le 

anomaly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

a s so le anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
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TABLE C3. 13 

Prevalence of diastolic hypertension (95 or more , 100 or mo re mm Hg, fifth phase) 
among men c lassed by age. Percentage of men in Dalmatia and Slavonia who are 
hypertensive, compared with the average for all 18 samples of men. 

SAMPLE 40-44 45-49 50-54 55-59 
95mm 100mm 95mm 100mm 95mm 100mm 95mm 100mm 

Dalmatia 13.2 7.2 14.8 8.7 18.0 7.6 16.1 9 .3 
Slavonia 13.7 8.8 17. 1 11.0 11.2 8.1 22. 1 12.4 

Mean, 18 samples 13.6 7.9 15.6 8.9 20.9 13.5 21.5 13.8 

11 
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distributions are far more apt to be 
hypertensive than the men in the re­
mainder of the distributions. For se­
rum cholesterol the situation is simi­
lar, though not quite so dramatic in 
Slavonia. 

The general picture, then, is that the 
prevalence of hypertension is unrelated 
to body weight at all values below 
relative weight of about 110 per cent, 
to 5 skinfolds at all values below about 
20 mm., and to serum cholesterol below 
about 240 mg. per 100 ml. 

Prevalence of Overweight 

The prevalence of overweight, de­
fined as relative body weight of 110 per 
cent and 120 per cent of the standard 
values for given height and age in the 
Appendix, is summarized in Table 
C3.14. Overweight is not common in 
Dalmatia and is only moderately 
frequent in Slavonia. Wi th 110 per 
cent of the standard as the criterion, 10 
per cent of the Dalmatians and 14 per 
cent of the Slavonians are overweight; 
the corresponding figures for U.S. 
railroad switchmen and for men in 
Crevalcore, Italy, are 37 and 34 per 
cent, respectively. 

Figures C3.5 and C3.6 show the 
distribution of the overweight (110 per 
cent of standard) men in decile classes 
of serum cholesterol, diastolic and 
systolic blood pressure. The prevalence 
of overweight increases with increasing 
values of these other variables. The 
relationship is very marked, and 
curvilinear, with blood pressure, less 
striking but still highly significant, with 
serum cholesterol. For example, men 
with systolic blood pressure less than 
130 mm. are rarely overweight; more 
than 20 per cent of men with systolic 
pressure of the order of 160 or more 
are overweight. Men with serum 

cholesterol values of 180 mg. per 100 
ml., or less, are seldom overweight; at 
cholesterol values of the order of 250, 
about a fourth of the men are over­
weight. 

Summary 

Data are presented on 1476 men aged 
40—59, comprising 94.8 per cent of 
all men of those ages in two rural areas 
of Dalmatia and Slavonia, Yugoslavia. 
In both areas most of the men were 
small-scale farmers. Only 12.6 per cent 
of these men were sedentary or engaged 
in light physical activity; 76.7 per cent 
of them habitually did heavy physical 
work. 

The men in Dalmatia averaged about 
5 cm. taller than the men in Slavonia; 
in both areas height tended to decrease 
slightly with age. In body fatness the 
men in both areas were similarly thin. 
The two areas were similar in the 
distribution of blood pressure but 
hypertension was somewhat less 
common in Dalmatia than in Slavonia. 
In Dalmatia there was almost no age 
trend in blood pressure over the range 
40 through 50 years. Serum cholesterol 
concentration was relatively low in both 
areas but more so in Dalmatia. 

Relatively high body weight, obesity, 
high blood pressure and high serum 
cholesterol were more common among 
the less active men in the upper socio­
economic class than among the more 
active men in the lower class. 

About 40 per cent of the men in both 
areas were non-smokers and only about 
20 per cent of them smoked 20 or more 
cigarettes daily. Compared with the 
smokers, the non-smokers tended to be 
more often overweight, obese and to 
have high blood pressure. High serum 
cholesterol values tended to be less 
common among the men who smoked 
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TABLE C3. 14 

Prevalence of overweight (110 or more and 120 or more per cent of "s tandard" 
ave-rage for height and age). Percentage of men in Dalmatia and Slavonia, c lassed 
by age, who a re overweight, compared with the average for all 18 samples of men. 

SAMPLE 

Dalmatia 
Slavonia 

Mean, 18 samples 20.9 8.4 19.4 6.9 18.1 6.7 16.8 7.3 

40-44 
110% 120% 

9.4 2 .4 
14.7 6.9 

45-49 
110% 120% 

10.4 2 .2 
19.2 10.4 

50-54 
110% 120% 

8.1 2 .8 
12.7 6 .1 

55-59 
110% 120% 

11.6 4 .2 
11.6 3.7 
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20 or more cigarettes daily than among 
the other smokers or the non-smokers. 

Significant electrocardiographic ab­
normalities in rest or after standard 
exercise were rare in Dalmatia and not 
frequent in Slavonia. 

The prevalence of hypertension 
showed a marked curvilinear relation­
ship to relative body weight, body fat­
ness and serum cholesterol, resulting in 
no association except at the upper ends 
of the distributions of those variables. 
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harju (Halifax), Juha Takkunen (Helsinki), and Ancel Keys (Minneapolis). 

Introduction 

Finland is of great interest in regard 
to the epidemiology of coronary heart 
disease because of the reported very 
high incidence and mortality of the dis­
ease, especially in East Finland (Kare­
lia). Interest is enhanced by the fact 
that Finland is a country where rela­
tively few people are obese or sedentary, 
the majority of the population live quiet­
ly in the rural countryside, and medical 
standards are high. 

The mortality rate ascribed to coro­
nary heart disease in Finland has long 
been the highest in Europe and the most 
recent data indicate that among men 
aged 40—59 the Finns now have the 
highest death rate in the world from 
this cause, 372.4 deaths per 100,000 in 
1961; the comparable figure for the 
United States in 1961 is 365.2. This is 
not surprising; in 1956 and 1959 our 
personal surveys of patients in several 
parts of Finland as well as in Helsinki 
everywhere gave the same picture of 
extraordinary prevalence of the disease, 
verified by electrocardiographic and 
other evidence of myocardial infarction. 
The coronary patients generally occu­
pied over 30 per cent of all medical beds 
for adult patients in the general hospi­
tals. 

In 1956 medical and dietary surveys 
were made of substantially all reported­
ly healthy middle-aged men in two se­
ries of villages in the area of Finnish 
Karelia (East Finland) centered on the 
town of Joensuu. Some of the data have 
been reported (Roine et al., 1958; Keys 
et al., 1958b; Karvonen et al, 1959). 
The very high intake of butterfat is 
noteworthy. 

In 1959 the same general areas, with 
some changes in the geographical limits, 
were covered in the systematic studies 
reported in part here. But in 1959 the 
attempt was made to examine all men, 
then aged 40—59, who were permanent 
residents of the selected areas. The final 
rosters of eligible men, prepared from 
the excellent official registries, were 
checked and the result was 823 men in 
East Finland and 887 in West Finland 
who were invited for the examinations. 
99.3 and 97.0 per cent of those men, 
respectively, were examined in detail in 
September-October, 1959. 

Methods and criteria were the same 
as used with the samples of men in other 
countries reported here and compar­
ability was assured by adding experi­
enced professional personnel from the 
U.S.A., Yugoslavia, and Sweden to the 
Finnish team. 
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East Finland (Karelia) 

Karelia is the land of the epic Kale-
vala of Finland and, in spite of the 
proximity to Russia, the population is 
entirely Finnish with no trace of any 
Slav element. There is an appreciable 
number of adherents to the Greek 
Orthodox faith but these people too are 
purely Finnish in race, language and 
outlook. After the last war with the 
U.S.S.R., a large area of the most pros­
perous part of Karelia was taken over 
by the U.S.S.R. and the Finnish popu­
lation there, as a body, elected to move 
across the new border so as to remain 
in Finland. Most of these refugees were 
settled in other parts of Finland remote 
from Karelia and the study population 
is mainly made up of men from families 
that have not moved for generations. 

The headquarters of the study area 
is the small village of Ilomantsi, very 
close to the Russian border and about 
90 kilometers from the town of Joensuu 
in which there is a large modern hospi­
tal, an airport and railroad. The popu­
lation is sparse and a relatively large 
geographical area was included in order 
to provide the requisite number of sub­
jects. In general, the population lives on 
small farms or clearings in the forest 
and the men work at logging for the 
paper pulp industry during the long 
winters. The economic level is low com­
pared to the rest of Finland but the pop­
ulation tends to remain stable in this 
sub-arctic land. At the time of the study 
communication with the rest of Finland 
was by rather poor road to Joensuu; 
currently a railroad is under construc­
tion to Ilomantsi. 

The age distributions of the popula­
tion studied in 1959 reflected some 
differential loss of the younger men in 
the two wars with the U.S.S.R. There 
were fewer men aged 40—44 than in 
the age group 45—49 (207 vs. 238 
men). 

West Finland 

A series of small villages and indi­
vidual farms in the southwest of Fin­
land, not far inland from the city of 
Turku, comprises the Wes t Finland 
area. There is no other industry besides 
agriculture in the actual area of study 
but the nearby port city of Turku is 
industrial and maritime as well as being 
a commercial center and the seat of a 
university and medical school. The 
dominant Finnish element of the pop­
ulation is hardly diluted by the long 
rule of Sweden. Some of the popula­
tion, dispossessed as a result of World 
W a r II from what is now Soviet Kare­
lia, were settled in this Wes t Finland 
area in the late 1940's but these people 
are now well integrated and in general 
the population is stable. 

The climate is sub-arctic but some­
what less severe than that of Karelia 
and the farms are more productive, 
especially of small grains and potatoes. 
As in East Finland dairying is promi­
nent and much butter, milk and cheese 
is locally consumed, though perhaps the 
per-capita consumption is less than in 
Karelia. 

The age structure of the populations 
of men examined in 1959 reflects the 
heavy losses of younger men in the two 
wars against U.S.S.R. Successive 
5-year age groups from 40—59 years 
provided 19.6, 26.0, 28.6 and 25.8 per 
cent of the total. 

Distribution by Physical Activity and 
Occupation 

Table C4.1 gives the distribution, by 
age, of the Finnish men classed accord­
ing to physical activity. For all ages 
combined, 71.1 per cent of the East 
Finns and 77.2 per cent of the men in 
the West were in the heavy (Grade 3) 
Activity Class. The high intensity of 
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TABLE C4. 1 

Phys ica l ac t ivi ty , men in Eas t and in West F inland c l assed by age and habitual 
physical activity ( "ACT. , " 1 = s eden ta ry and l ight, 2 = mode r a t e , 3 = heavy 
work) . N = total men . Table en t r ies a r e pe rcen tages of a l l men of given age 
in the a r e a . 

AGE E. FINLAND, N = 816 W. FINLAND, N = 860 
ACT. 1 ACT. 2 ACT. 3 ACT. 1 ACT. 2 ACT. 3 

40-44 
45-49 
50-54 
55-59 
40-59 

9. 1 
11.3 
11.2 
14.6 
11.4 

22 .0 
15.1 
14.2 
19.3 
17.5 

68 .9 
73.6 
74.6 
6 6 . 1 
71 . 1 

8.9 
7 .1 

11.4 
8. 1 
9 .0 

14.8 
12.9 
14.3 
13.5 
13.8 

76 .3 
79 .9 
74 .3 
78 .4 
77 .2 
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physical work that characterized many 
of these men led to an original classi­
fication in four grades, Grade 4 being 
"extreme", but this latter group was 
combined with those in Grade 3 because 
of difficulty in deciding where some 
men belonged and because in none of 
the other 16 samples studied in other 
countries was there a sizeable number 
of men who could be put in Grade 4 
with security. 

Over all ages 40—59 only 11.4 per 
cent of men in the East and 9.0 per cent 
in the West could be classed as being 
sedentary or doing only light work. In 
East Finland, but not in the West, the 
percentage of men in Activity Class 1 
rose with age but the trend is not 
marked. In neither area was there any 
tendency for the percentage of Activity 
Class 3 men to change with age. In 
general, there are no significant differ­
ences between the two areas in regard 
to physical activity. 

Table C4.2 summarizes the distribu­
tions in regard to general type of occu­
pation. In East Finland there were a 
few more men in the business, profes­
sional and officials categories but in 
both areas these men are a very small 
minority. In both areas almost 70 per 
cent of the men are small-scale farmers 
and woodsmen, usually devoting the 
winters to logging and working on their 
own farms during the rest of the year. 

Distributions of Six Measured 
Variables 

Table C4.3 gives the median values, 
and those medians expressed as percent­
age of the averages of the medians for 
all men in these cooperative studies, for 
height, relative body weight, body fat­
ness (5 skinfolds), systolic and diastolic 
(5th phase) blood pressure, and serum 
cholesterol concentration. Details of the 

distributions of these variables are given 
in the Appendix. Figures C4.1 and 
C4.2 show the cumulative frequency 
distributions of these variables. Because 
height, 2 skinfolds and serum cholester­
ol show little or no age trend over the 
range 40—59 years in this material, all 
ages 40—59 are combined in the graphs 
on these variables. For relative body 
weight, systolic and diastolic blood 
pressure the heavy line is for ages 40— 
49, the light line for ages 50—59. 

In both areas of Finland, height and 
serum cholesterol show substantially 
normal distributions as does diastolic 
blood pressure in East Finland (Kare­
lia) but not in the west. The relative 
body weight distributions are not far 
from normal in both areas. 2 skinfolds 
are grossly non-normal in distribution 
in Finland as in other areas. 

The men in West Finland consistent­
ly tend to be taller, relatively heavier, 
fatter (but still very lean) than their 
agecounterparts in the East. On the 
other hand, the East Finns tend to have 
higher blood pressure and higher serum 
cholesterol values. Except for 2 skin­
folds, these differences are all so ob­
viously significant that detailed probabi­
lity estimates are unnecessary. 

When these Finns are compared with 
the average of all 18 samples, the men 
in the East are slightly below and those 
in the West slightly above average 
height. In relative weight, the East 
Finns are significantly underweight 
while the men in the Wes t tend, if any­
thing, to be a little heavier for their 
height and age than the general aver­
age. Both groups, but especially the 
East Finns, are much thinner than the 
average of all men. 

In blood pressure, the East Finns 
clearly tend to have higher pressures 
both in systole and in diastole than the 
general average of the 18 samples. The 
West Finns tend to slightly higher sys­
tolic and lower diastolic blood pressures 
than the general average. 
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TABLE C4. 2 

Occupation of men in East and in West Finland classed: Codes 1-15 (business, 
professional, business owners and government officials), Codes 66-69, 71-75 
(farming, agriculture and forestry), and all others. Table entries are percentages 
of all men in the area. 

OCCUPATION 

Codes 1-15 
" 6 6 -69 , 71-75 

All Other 

E . FINLAND 

8 . 3 
68 .7 
23 .0 

W. FINLAND 

4 . 6 
69 .5 
25 .9 

TABLE C4.3 

Medians for men, classed by age, in East and in West Finland and these values expressed 
as percentages of the averages of the medians for all 18 samples of men. 

AREA VARIABLE MEDIAN VALUES MEDIAN, % OF AVERAGE 
40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-59 

E. FINLAND 
It 

" 
t l 

I t 

II 

W. FINLAND 
i i 

o 
M 

H 

M 

Height (cm. ) 
Rel . Wt. (%) 
S Skinfolds 
Syst . B . P . 
Dias t . B . P . 
Se rum Choi. 

Height (cm. ) 
Re l . Wt. (%) 
2 Skinfolds 
Syst . B . P . 
Dias t . B . P . 
Se rum Choi. 

168 
94 
13 

141 
87 

265 

173 
98 
16 

133 
80 

2 48 

168 
94 
15 

140 
88 

272 

171 
96 
16 

135 
80 

255 

168 
93 
14 

149 
90 

2 62 

172 
97 
16 

139 
82 

257 

167 
90 
14 

153 
90 

259 

170 
95 
16 

143 
82 

251 

98 .9 
95 .8 
6 1 . 3 

107.6 
107.4 
128.4 

101.9 
99 .9 
75 .5 

101. 5 
98 .8 

120.2 

99 .3 
97 .7 
73 .5 

105.3 
108. 1 
131.2 

101. 1 
99 .8 
78 .4 

101.5 
98 .3 

123.0 

99 .8 
97.7 
67 .6 

108.8 
107.9 
125.4 

102.2 
101.9 
77 .3 

101.5 
98 .3 

123.0 

99.6 
95.6 
70 .4 

108.8 
106.8 
125.4 

101.4 
101.0 
80 .4 

101.7 
97 .3 

121.5 
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Physical Activity and Socio-
Economic Status 

In both East and West Finland the 
relative frequency of overweight and 
of obesity decreases as physical activity 
increases. With decile classes 8—10 of 
relative body weight representing over­
weight, chance distribution would result 
in an expectation of about 24, 43, and 
155 "overweight" men in Eeast Finland 
in Activity Classes 1,2, and 3, respec­
tively; the observed numbers are 36, 55, 
and 131 men, respectively. The corres­
ponding numbers for "overfat" (deciles 
8—10 in 5 skinfolds) in East Finland 
are 26, 44, and 161 men in Activity 
Classes 1, 2, and 3; the observed num­
bers are 45, 58, and 128 men, respec­
tively. Similar relationships were found 
in West Finland. Frequency of relative­
ly high blood pressure or serum choles­
terol values was not significantly related 
to physical activity in either area. 

When physical activity is ignored 
and comparison is made between men 
in the upper socio-economic class 
(Occupations 1—13) with those in the 
lower class (Occupations 14—92, 94), 
similar significant differences are found 
in the frequency of overweight and of 
obesity, the men in the upper socio-eco­
nomic class being more often overweight 
and fat. 

Obviously, the analysis is complicated 
by the high correlation (inverse) 
between physical activity and socio­
economic status. Tables C4.4, C4.5, 
and C4.6 summarize some findings 
when both physical activity and occup­
ation are considered simultaneously. 

Within broad socio-economic classes 
there are no significant differences in 
the distributions of overweight or obese 
men between Activity Classes 1 and 2, 
but there are highly significant differen­
ces between Activity Classes 2 and 3 
within the lower socio-economic class of 
men (Table C4.5). Higher diastolic 
blood pressures are also overly repre­

sented in Activity Class 2 as compared 
with Activity Class 3 in West but not 
in East Finland. 

Comparisons between upper and 
lower socio-economic classes in regard 
to the frequency of high values of these 
variables are made in Table C4.6. In 
general, overweight and obesity are 
overly represented in the upper socio­
economic class, even when physical 
activity is relatively constant. 

Smoking Habits 

Smoking has long been common in 
Finland except during the years 1939— 
45 when war severely restricted the im­
portation of tobacco. At the time of the 
examinations reported here (1959) 68.5 
per cent of the East and 57.2 per cent 
of the Wes t Finns studied were cig­
arette smokers. Among these rural men 
there are also a few pipe smokers; ci­
gars are occasionally smoked on festive 
occasions. 

In East Finland an appreciable num­
ber of the smokers use the "Russian 
type" of cigarette, with a hollow paper 
mouthpiece and containing only a rela­
tively small amount of tobacco; this type 
is rarely used in West Finland in recent 
years, and this difference should be 
noted in comparing the intensity of 
smoking in the two areas. 

In East Finland 31.4 per cent of all 
the men smoked 20 or more cigarettes 
daily and so could be considered to be 
"heavy" smokers in our classification: 
in West Finland only 14.8 per cent of 
the men are in this category. Though 
these values are not completely compar­
able because of the difference in ciga­
rette types, it seems clear that the men 
in Karelia more often tend to smoke 
and to smoke heavily than the men in 
the study area of West Finland. 

The associations of differences in 
smoking habits with differences in other 
characteristics are examined in Table 
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TABLE C4. 4 

Activity 1 v s . Activity 2. Exces s frequency of high values (deciles 8-10) of the v a r i ab le s 
observed among men of Activity 1, exp ressed a s % of expectation from total number s of 
men in Act ivi t ies 1 plus 2. Also, c h i - squa re values for the d ifferences between observed 
and expected d i s t r ibut ions . 

OCCUPATION 

Eas t Finland 
1-94 
1-13 
14-94 
West Finland 
1-94 
1-13 
14-94 

REL . W T . 
Exces s Chi'" 

9 . 8 

- 9 . 1 
19.5 

16.9 
- 4 . 2 
14.0 

0 .68 
0 .43 
1.04 

1.62 
0 .03 
0 .24 

S SKINFOLDS 
Exce s s 

17.5 
7 . 9 

12.4 

31 . 1 
0 . 5 

28.2 

Chi 2 

3.47 
0.62 
0 .39 

6.89 
0 
1.51 

TABLE 

SYST. 
Exces s 

10.5 
17.6 
14.3 

- 22 .2 
- 24 .0 
- 2 6 . 8 

C4.5 

B. P . 
Chi 2 

0.23 
0. 19 
0. 19 

1.34 
2 .07 
0 .65 

DIAST. 
Exces s 

11. 1 
- 4 . 3 
28 .0 

- 10 .0 
- 6 . 6 

- 19 .2 

B. P . ( 
Chi2 

0.41 
0 
1.53 

0 .27 
0 .03 
0.40 

:HOLES TERC 
Excess Chi^ 

- 6 . 4 
1. 1 
0 . 8 

9 . 1 
1.0 
5 . 3 

0. 10 
0 
0 

0. 13 
0 
0 

Activity 2 v s . Activity 3 . Occupations 14-94 only, 
of high values among men of Activity 2. 

Exce s s f requency, a s in Table C4. 4, 

SAMPLE 

E a s t Finland 
West Finland 

REL . WT. 
Exces s Chi 

51 .1 
51 .2 

8.32 
9 .88 

2 SKINFOLDS 
Exce s s Chi 

71 .9 16.44 
47 .2 8.55 

SYST. B . P . 
Exces s Chi 

- 9 . 1 0 .22 
11.5 0 .44 

DIAST. 
Exces s 

7. 1 
37.2 

B . P . 
Chi 2 

0. 11 
5.55 

CHOLESTEROL 
Excess Chi 

11.1 0 .38 
- 7 . 9 0 .18 

TABLE C4. 6 

Occupation 1-13 v s . 14-94. Excess f requency, as in Table C4. 4, of high values among 
men in Occupations 1-13, exp ressed as % of expectation from total number s of men in 
Occupations 1-13 + 14-94. 

ACTIVITY 

E a s t F inland 
1+2 
1 
2 
West Finland 
1+2 
1 
2 

REL. WT. 
Exces s Chi 2 

2 SKINFOLDS 
Excess Chi 

31 .5 
9.0 

51 . 1 

36 .6 
12.7 
66.7 

7.35 
0.20 
7. 81 

4. 52 
0 .54 
1.98 

35 .3 
24 .4 
37.9 

52.0 
21 .2 
76 .5 

12.61 
5. 16 
4 .45 

10.56 
3 .04 
2 .44 

SYST. B . P . 
Excess Chi 

-19 . 8 
- 14 .9 
-30 . 6 

12. 1 
9 .4 

78. 6 

0.91 
0 .23 
0.70 

0. 11 
0 
2. 13 

DIAST. 
Excess 

-10. 9 
- 23 .7 
0 

9 .4 
13.6 
25. 0 

B. P . CHOLESTEROL 
Chl^ 

31 
32 

08 
16 
05 

Excess Chi 

- 14 .6 
- 11 .8 
- 16 .7 

26. 
13. 
30. 

0 .63 
0. 13 
0 .25 

0. 86 
0. 16 
0 .03 

P robab i l i t i e s , p , a s soc ia ted with ch i - squa re values: 2 . 7 1 , p = 0. 10; 3. 84, p = 0 .05 ; 5 . 4 1 , 
p = 0. 02; 6 .64, p = 0 . 01 ; 10. 83, p = 0. 001. 

12 
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C4.7 which gives the numbers of men 
classed by smoking habits and distribu­
ted as below or above the age-specific 
medians for all men in the designated 
sample. In both samples the tendency 
of the non-smokers to be more often 
relatively heavier and fatter than the 
rest of these Finns is very pronounced 
while the heavy smokers have a marked 
but less striking tendency in the oppo­
site direction. 

The non-smokers in both areas also 
differ in tending to have higher blood 
pressure and this is clear in both systole 
and diastole. Again, the heavy smokers 
as well as "other" smokers show the 
opposite tendency. Serum cholesterol 
concentration tends to be somewhat low 
in the non-smokers while both heavy 
and "other" smokers consistently tend 
to the opposite distribution. 

Except for serum cholesterol, all of 
these differences between non-smokers 
and either heavy or "other" smokers are 
statistically significant. The difference 
in serum cholesterol concentration is not 
statistically significant when heavy or 
"other" or all smokers are compared 
with non-smokers. When heavy smok­
ers are compared with "other" smokers, 
no significant differences are found. 

Electrocardiographic Findings 

Tables C4.8, C4.9, C4.10, and C4.l l 
summarize the electrocardiographic 
findings, both in rest and after the final 
exercise test. Thirteen men showed clear 
evidence of old myocardial infarction 
but there is no difference between the 
two areas of Finland in this small num­
ber, the age-corrected rates being 8.6 
and 7.4 per 1 000 men for East and 
West Finland, respectively. There were 
no cases of complete heart block and 
only 5 cases of left bundle branch block 
(2 in East, 3 in West Finland). High 
amplitude R waves (left type Code III, 
1) and sinus bradycardia, (Code VIII, 

8) were fairly common in both areas but 
the samples did not differ significantly 
in the prevalence of either of these 
findings. 

The post-exercise ECGs in Finland 
showed fewer major new abnormalities 
than the average of all samples studied. 
This may reflect the high degree of 
physical training noted as being almost 
the rule in the Finnish men. 

Prevalence of Hypertension versus 
Other Variables 

By any ordinary criterion of blood 
pressure, the prevalence of hypertension 
in East Finland was much greater than 
in Wes t Finland. Table C4.12 gives the 
prevalence, with two criteria of diastolic 
blood pressures. With either criteria, 
the difference is statistically highly sig­
nificant and is consistent at all ages. 
The prevalence of hypertension was 
significantly more common in East Fin­
land and less common in Wes t Finland 
than among men in all 18 samples in 
these cooperative studies. 

The distributions of the hypertensive 
Finns (95 mm. or more in the 5th phase 
of diastole) into age- and area-specific 
decile classes of relative body weight, 
S skinfolds and serum cholesterol con­
centration are shown in Figures C4.3 
and C4.4. Note that in these graphs ab­
sence of a relationship would be repre­
sented by points randomly distributed 
about a horizontal straight line. In East 
Finland the frequency of hypertension 
tends to rise at the upper end of the dis­
tributions of relative body weight but 
this tendency is much more evident in 
Wes t Finland where the top 10 per cent 
(decile 10) of the men in relative weight 
are about four times more prone to be 
hypertensive than the men in the first 
eight decile classes. A somewhat similar 
but less marked relationship is shown 
between hypertension prevalence and 
body fatness and again the picture is 

http://C4.ll
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TABLE C4. 7 

Smoking. Number of men in Finland below (LOW) and above (HIGH) the age-specific 
medians, for age and a rea , of measured variables, c lassed according to smoking 
habits. HEAVY = 20 or more , OTHER =1-19 cigarettes daily. 

VARIABLE SAMPLE NON-SMOKERS 
LOW HIGH 

HEAVY OTHER 
LOW HIGH LOW HIGH 

Relative Weight 

S Skinfolds 

Systolic B . P . 

Diastolic B . P . 

Serum Cholesterol 

E. 
W. 

E. 
W. 

E. 
W. 

E. 
W. 

E. 
W. 

Finland 
it 

Finland 
H 

Finland 
M 

Finland 
ii 

Finland 
M 

94 
115 

82 
119 

116 
159 

106 
145 

138 
191 

160 
241 

175 
246 

137 
206 

147 
220 

119 
173 

133 
72 

147 
81 

136 
69 

146 
73 

123 
59 

117 
52 

109 
46 

117 
58 

117 
54 

133 
68 

176 
230 

179 
226 

153 
200 

162 
209 

147 
177 

117 
124 

123 
137 

149 
163 

139 
154 

154 
185 
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TABLE C4. 8 

KARELIA, FINLAND 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Total with reportable 

ECG Items 

Q Waves 

Axis Deviation 
Left 
Right 

High Amplitude R Waves 
Left type 
Right type 

ECG 
Code 

I - IX 

[ 1 
2 
3 

II 
1 
2 

[II 
1 
2 

40-44 
(207) 

92 (444. 4) 

1 ( 4. 8) 
2 ( 9.7) 
0 

4 ( 19.3) 
0 

33 (159.4) 
0 

117 

2 
1 
1 

6 
0 

38 
0 

45-49 
(238) 

(491.6) 

( 8.4) 
( 4.2) 
( 4.2) 

( 25.2) 

(159.7) 

50-54 
(197) 

107 (543. 1) 

1 ( 5.1) 
2 ( 10.2) 
0 

10 ( 50. 8) 
0 

40 (203.0) 
0 

55-59 
(172) 

105 (610.5) 

3 ( 17.4) 
2 ( 11.6) 
3 ( 17.4) 

4 ( 23.3) 
0 

35 (203.5) 
0 

S-T Depression (rest) IV 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0. 5 - 1 mm, , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 

T-Wave Negativity (rest) V 
- 5 mm. or more 
- 1 mm. to -5 mm, 
0 + l .mm. 

A-V Conduction Defect VI 
Complete Block 
Par t ia l Block 
P-R over 0,21 second 
Accelerated Conduction 

Ventricular Blocks VII 
Left Bundle 
Right Bundle 
Incomplete Right Bundle 
Intraventricular Block 

Arrhythmias VIII 
Premature Beats 
Ventricular tachycardia 
Atrial fibrillation, flutter 
Supra-vent, tachycardia 
Ventricular rhythm 
A-V nodal rhythm 
Sinus tachycardia 
Sinus bradycardia 

1 

2 
3 

0 

2 ( 
0 

9.7) 

2 ( 8.4) 

3 ( 12.6) 
0 

2 ( 10.2) 

3 ( 15.2) 
0 

5 ( 29.1) 

6 ( 34.9) 
4 ( 23.3) 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 

1 ( 
7 ( 

0 
0 

11 ( 
0 

0 
1 ( 
6 ( 
0 

0 
0 
0 
0 
0 

1 ( 
3 ( 
9 ( 

4. 8) 
33.8) 

53. 1) 

4. 8) 
29.0) 

4. 8) 
14.5) 
43.5) 

1 ( 
6 ( 

15 ( 

0 
0 
9 ( 
0 

1 ( 
0 
3 ( 
0 

3 ( 
0 

1 ( 
0 
0 

1 ( 
5 ( 

14 ( 

4.2) 
25.2) 
63.0) 

37. 8) 

4.2) 

12.6) 

12.6) 

4.2) 

4.2) 
21.0) 
58.8) 

0 
3 ( 
9 ( 

0 
0 
4 ( 
0 

0 

2 ( 
8 ( 
0 

4 ( 
0 
0 
0 
0 
1 ( 
5 ( 
7 ( 

15.2) 
45.7) 

20.3) 

10.2) 
40.6) 

20. 3) 

5.1) 
25.4) 
35.5) 

2 ( 
14 ( 
12 ( 

0 
0 
5 ( 
1 ( 

1 ( 
0 

2 ( 
0 

3 ( 
0 

1 ( 
0 
0 

2 ( 
3 ( 

10 ( 

11.6) 
81.4) 
69. 8) 

29. 1) 
5.8) 

5.8) 

11.6) 

17.4) 

5.8) 

11.6) 
17.4) 
58. 1) 

Technically poor records IX 8 
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ECG 
Code 
X 1 
X 2 

40 -44 

(201) 

6 ( 29 .0 ) 

45-49 
(220) 

18 ( 75 .6 ) 

50 -54 
(170) 

27 (137. 1) 

55-59 
(138) 

34 (197 .7) 

XI 

TABLE C4 . 9 

KARELIA, F INLAND 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 m e n in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
E x e r c i s e t e s t s not m a d e o r 

i n comp le t e 
S -T D e p r e s s i o n p o s t - e x e r c i s e 

(none a t r e s t ) 
S -T - J 1 m m , o r m o r e , h o r i z . 

o r downward s e gmen t 
S -T - J 0 . 5 - 1 m m . , h o r i z . o r 

downward s e g m e n t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 
T Wave Negat iv i ty p o s t - e x e r c i s e 

(none a t r e s t ) 
- 5 m m . o r m o r e 
-1 to -5 m m . 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none a t r e s t ) 

Techn ica l l y poo r p o s t - e x e r c i s e 
r e c o r d s 

XII 

XV 

XI 8 

1 ( 7 .2) 

2 
3 

4 

1 
2 
3 

1 

8 

1 ( 
0 

3 ( 

0 
0 
0 

0 

1 ( 

5 .0) 

14 .9) 

5 .0) 

3 ( 
0 

1 ( 

0 
0 

1 ( 

2 ( 

1 ( 

13. 6) 

4 . 5 ) 

4 . 5 ) 

9 .1 ) 

4 .5 ) 

2 ( 
0 

3 ( 

0 
0 
3 ( 

2 ( 

1 ( 

11 .8) 

17 .6) 

17.6) 

11 . 8) 

5 .9) 

0 
0 

5 ( 36 .2 ) 

0 
0 
1 ( 7 .2) 

5 ( 36 .2 ) 

0 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS O F CLINICAL IMPORT 
At R e s t 
L a r g e Q Waves 
L e s s e r Q Waves 

w i th Negat ive T Waves 
Deeply Nega t ive T a s so le 

anomaly 
O the r Nega t ive T a s so le 

a noma ly 
S -T D e p r e s s i o n a s s o l e 

a noma ly 
High Ampl i tude R 

w i th S -T D e p r e s s i o n 
Comple t e H e a r t Block 
V e n t r i c u l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 

I 1 
I 2, 3 + 
V 1, 2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1 , 2 , 4 
VIII 2 -6 

1 ( 

1 ( 

0 

3 ( 

0 

2 ( 
0 

1 ( 
1 ( 

4 . 8) 

4 . 8) 

14 .5) 

9 .7) 

4 . 8 ) 
4 .8 ) 

2 ( 

1 ( 

0 

10 ( 

0 

2 ( 
0 

1 ( 
2 ( 

8 .4) 

4 .2 ) 

42 .0 ) 

8.4) 

4 .2 ) 
8.4) 

1 ( 

0 

0 

4 ( 

1 ( 

2 ( 
0 
2 ( 
1 ( 

5 . 1 ) 

20 .3 ) 

5 .1) 

10 .2) 

10 .2) 
5 .1) 

3 ( 

2 ( 

0 

8 ( 

1 ( 

6 ( 
0 
1 ( 
3 ( 

17 .4 ) 

11 .6) 

46. 5) 

5 .8 ) 

34 .9 ) 

5 .8) 
17 .4 ) 

S -T D e p r e s s i o n a s s o l e 
a noma ly 

Nega t ive T a s so le 
a noma ly 

Ven t r i c u l a r Conduct ion Defect a s 
so le a noma ly 

A r r h y t h m i a s 
a s so le a noma ly 

XI 1-4 
only 

XII 1-3 
only 0 

XIV 1 , 2 , 4 
only 0 

XV 1 
only 0 

2 ( 10 .0) 2 ( 9. 1) 2 ( 1 1 . 8) 3 ( 2 1 . 7 ) 

0 0 0 

0 0 0 

1 ( 4 . 5) 1 ( 5 .9) 1 ( 7 .2 ) 



182 

TABLE C4 . 10 

WEST FINLAND 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 00Û m e n in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

4 0 - 44 
(168) 

45-49 
(223) 

50-54 
(245) 

55-59 
(221) 

I - IX 7 7 ( 4 5 8 . 3 ) 9 6 ( 4 3 0 . 5 ) 1 1 8 ( 4 8 1 . 6 ) 1 1 9 ( 5 3 8 . 5 ) 

Q Waves 1 2 ( 11 .9) 0 1 ( 4 . 1) 3 ( 13 .6) 
2 1 ( 6. 0) 2 ( 9 .0) 1 ( 4 . 1) 0 
3 0 2 ( 9 .0 ) 1 ( 4 . 1) 2 ( 9. 0) 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T D e p r e s s i o n ( r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , upward 

s e g m e n t 

III 

IV 

1 7 ( 4 1 . 7 ) 6 ( 2 6 . 9 ) 1 5 ( 6 1 . 2 ) 1 1 ( 4 9 . 8 ) 
2 1 ( 6. 0) 0 0 0 

1 2 7 ( 1 6 0 . 7 ) 2 8 ( 1 2 5 . 6 ) 4 4 ( 1 7 9 . 6 ) 4 0 ( 1 8 1 . 0 ) 
2 0 1 ( 4 . 5) 2 ( 8. 2) 1 ( 4 . 5) 

1 

2 
3 

2 ( 

2 ( 
1 ( 

11 .9 ) 

11 .9) 
6 .0) 

0 

0 
0 

2 ( 

5 ( 
2 ( 

8 .2) 

2 0 . 4 ) 
8.2) 

1 ( 

3 ( 
1 ( 

4 . 5 ) 

13 .6 ) 
4 . 5 ) 

1 ( 4 . 5) 

T -Wave Negat iv i ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 + l . m m . 

1 0 0 
2 5 ( 29.7) 0 
3 7 ( 4 1 . 7 ) 8 ( 35 .9 ) 

1 ( 4 . 1) 0 
4 ( 16 .3) 3 ( 13 .6) 
7 ( 2 8 . 6 ) 17 ( 7 6 . 9 ) 

A -V Conduct ion Defect 
Comp le t e Block 
P a r t i a l Block 
P - R ove r 0 .21 s econd 
A c c e l e r a t e d Conduct ion 

VI 
1 0 0 0 0 
2 0 2 ( 9.0) 0 0 
3 1 ( 6 .0) 6 ( 2 6 . 9 ) 12 ( 49 . 0) 4 ( 18. 1) 
4 0 0 1 ( 4 . 1) 0 

V e n t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I n comp le t e R ight Bundle 
I n t r a v e n t r i c u l a r Block 

VII 
1 0 0 
2 3 ( 17 .9) 2 ( 9 .0) 
3 2 ( 11 .9) 2 ( 9 . 0 ) 
4 0 0 

1 ( 4. 1) 2 ( 9 .0) 
3 ( 12 .2 ) 1 ( 4. 5) 
7 ( 28 . 6) 6 ( 27. 1) 
0 0 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
V en t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t ion , f lu t te r 
S u p r a - v e n t . t a c h y c a r d i a 
V en t r i c u l a r r hy t hm 
A-V nodal r hy t hm 
Sinus t a c hyc a r d i a 
Sinus b r a d y c a r d i a 

VIII 
2 ( 11 .9) 
0 
0 
0 
0 
0 
4 ( 2 3 . 8) 
7 ( 4 1 . 7 ) 

2 ( 9.0) 
0 
1 ( 
0 
0 
2 ( 
1 ( 

4.5) 

9 .0) 
4 . 5 ) 

6 ( 26.9) 

2 ( 8. 2) 
0 
1 ( 4 . 1 ) 
0 
0 
0 
2 ( 8.2) 
8 ( 32.7) 

5 ( 22 .6 ) 
0 
2 ( 
0 
0 
1 ( 
3 ( 

9.0) 

4 .5 ) 
13 .6) 

10 ( 4 5 . 2 ) 

Techn i ca l l y poo r r e c o r d s IX 8 0 
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WEST FINLAND 
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FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
E x e r c i s e t e s t s not m a d e o r 

i n comp le t e 
S-T D e p r e s s i o n p o s t - e x e r c i s e 

(none at r e s t ) 
S-T - J 1 m m . o r m o r e , h o r i z , 

o r downward s egmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 
T Wave Negat iv i ty p o s t - e x e r c i s e 

(none a t r e s t ) 
- 5 m m . o r m o r e 
-1 to -5 m m . 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none a t r e s t ) 

Techn ica l l y poo r p o s t - e x e r c i s e 
r e c o r d s 

ECG 
Code 
X 1 
X 2 4 

40 -44 
(164) 

( 23 .8 ) 

XI 

XII 

XV 

XI 8 

1 ( 6 .1) 

1 ( 6 .1) 
0 

1 ( 6 .1) 

2 ( 12 .2) 

3 ( 18 .3) 

4 ( 24 .4 ) 

45-49 
(216) 

50-54 
(226) 

6 ( 27. 8) 
1 ( 4 .6 ) 

0 
0 
5 ( 2 3 . 1) 

8 ( 37.0) 

3 ( 13.9) 

1 ( 4 .4 ) 

2 ( 8.8) 
0 

55-59 
(203) 

7 ( 31 .4 ) 19 ( 77 .6 ) 18 ( 81 .4 ) 

0 
0 
5 ( 22 . 1) 

9 ( 39.8) 

3 ( 13.3) 

2 ( 9.9) 
2 ( 9.9) 

2 ( 9. 3) 7 ( 31 .0) 4 ( 19 .7) 

1 ( 4 . 9 ) 

4 ( 19 .7) 

7 ( 34.5) 

5 ( 24.6) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At R e s t 
L a r g e Q Waves 
L e s s e r Q Waves 

wi th Negat ive T Waves 
Deeply Nega t ive T a s s o l e 

anomaly 
O the r Nega t ive T a s so le 

anomaly 
S-T D e p r e s s i o n a s s o l e 

a noma ly 
High Ampl i tude R 

w i th S-T D e p r e s s i o n 
Comple t e H e a r t Block 
Ven t r i c u l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 
S-T D e p r e s s i o n a s so le 

anomaly 
Nega t ive T a s so le 

a noma ly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

a s so le a noma ly 

I 1 
1 2 , 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1 , 2 , 4 
VIII 2 -6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1 , 2 , 4 
only 

XV 1 
only 

2 ( 

0 

0 

5 ( 

0 

4 ( 
0 
3 ( 
0 

1 ( 

0 

0 

1 ( 

11. 

29. 

23 . 

17. 

6. 

6. 

9) 

8) 

8) 

9) 

1) 

1) 

0 

0 

0 

4 ( 

0 

0 
0 
2 ( 
3 ( 

4 ( 

3 ( 

0 

4 ( 

17 .9) 

9 .0 ) 
13 .5) 

18 .5) 

13.9) 

18.5) 

1 ( 

0 

0 

3 ( 

1 ( 

5 ( 
0 
4 ( 
1 ( 

5 ( 

4 ( 

0 

5 ( 

: 4 .1 ) 

12 .2) 

4 .1 ) 

20 .4 ) 

16 .3) 
4 .1 ) 

22. 1) 

17.7) 

22 . 1) 

3 ( 

0 

0 

9 ( 

0 

1 ( 
0 
3 ( 
3 ( 

2 ( 

1 ( 

0 

3 ( 

13 .6) 

40 .7 ) 

4 . 5 ) 

13 .6) 
13 .6) 

9 . 9 ) 

4 . 9 ) 

14. 8) 
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TABLE C4. 12 

P r e v a l e n c e of d i a s to l i c h yp e r t e n s i on (95 o r m o r e , 100 o r m o r e m m Hg, fifth p h a s e ) 
among m e n c l a s s e d by a g e . P e r c e n t a g e of m e n in E a s t and Wes t F i n l and who a r e 
h y p e r t e n s i v e , c o m p a r e d wi th the a v e r a g e for a l l 18 s a m p l e s of m e n , 

S A M P L E 

E a s t F i n l and 
Wes t F i n l and 

Mean , 18 s a m p l e s 13.6 

40. 
9 5 m m 

2 1 . 8 
8 .3 

-44 
1 0 0 m m 

13. 1 
4 . 2 

45 -49 
95 m m 100 m m 

27 . 2 17 .4 
5 . 8 3 .6 

50 -54 
9 5 m m 1 0 0 m m 

35 . 5 2 3 . 8 
14 .7 10 .2 

55-59 
9 5 m m 1 0 0 m m 

38 . 2 2 5 . 3 
13 .5 7 . 2 

7.9 15.6 8.9 2 0 . 9 13 .5 2 1 . 5 1 3 .8 

TABLE C4. 13 

P r e v a l e n c e of ove rwe igh t (110 o r m o r e and 120 o r m o r e p e r cent of " s t a n d a r d " 
a v e r a g e for he igh t and a g e ) . P e r c e n t a g e of m e n in E a s t and West F i n l a nd , c l a s s e d 
by a g e , who a r e ove rwe igh t , c o m p a r e d wi th the a v e r a g e for a l l 18 s a m p l e s of m e n . 

S A M P L E 

E a s t F i n l and 
Wes t F i n l and 

40 -44 
110% 120% 

10 .7 3 . 9 
15 .9 8 .5 

4 5 -49 
110% 120% 

10 .9 3 .5 
19 .9 6 . 0 

50 -54 
110% 120% 

13 .9 3 .6 
18 .5 7 . 1 

55-
110% 

10. 1 
13 .8 

•59 
120% 

4 . 8 
5 . 0 

Mean , 18 s a m p l e s 20.9 8.4 19.4 6.9 18. 1 6 .7 16.8 7.3 
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more marked in West than in East Fin­
land. In neither area, considered alone, 
is the prevalence of hypertension signi­
ficantly related to the serum cholesterol 
level, except, perhaps, for the indication 
in West Finland that the men with the 
highest cholesterol values (decile 10) 
are more prone to hypertension than the 
men with the lowest values for choles­
terol (decile 1). In Wes t Finland out of 
85 men in cholesterol decile class 10, 
there were 18 cases of hypertension 
but the first decile class only 4 out of 
85 men were hypertensive; the differ­
ence has very high significance (chi-
square=22.98). If East and West Fin­
land are combined the prevalence of 
hypertension is clearly related to the 
serum cholesterol level but this merely 
reflects the fact that both hypertension 
and hypercholesterolemia are more 
frequent in East than in West Finland. 

Prevalence of Overweight versus 
Other Variables 

Table C4.13 shows the prevalence of 
overweight by two criteria of relative 
body weight. Overweight, defined as 
body weight 110 per cent or more above 
the U.S. Medico-Actuarial average for 
height and age, is more common in 
West than in East Finland, the preva­
lence rates being 17 and 11 per cent, 
respectively. The difference, 54.5 per 
cent more frequent overweight in West 
than in East Finland, is highly signifi­
cant (chi-square = 10.91, p = 0.001). 

The West Finns tend to be a little 
less often overweight than the men in 
all 18 samples but the difference is in­
significant. The East Finns, however, 
are much less often overweight and the 
difference from the total population of 
men is highly significant. 

The distributions of the overweight 
Finns (110 or more per cent of the 
"standard" average for height and age) 
into age- and area-specific decile classes 

of the distributions, for all Finns, of 
blood pressure and serum cholesterol 
are shown in Figures C4.5 and C4.6. 
Overweight prevalence is not related 
to serum cholesterol level in East Fin­
land but in West Finland there is a 
trend for overweight prevalence to in­
crease with rising serum cholesterol le­
vel. Comparing the men in the below-vs. 
above median cholesterol values, the 
numbers of overweight men are 58 
and 86 respectively, and the non-over­
weights number 336 and 338; chi-square 
= 6.098 and p = less than 0.02. 

In both areas the frequency of over­
weight rises with both systolic and dia­
stolic blood pressure and the trend is 
highly significant. 

Summary 

In two rural areas of East and of 
West Finland 98 per cent of all men 
aged 40—59 ( N = 1677) were exam­
ined. Three fourths of these men were 
engaged in heavy physical work on 
small farms and in logging; only 10 per 
cent were sedentary or engaged only in 
light physical activity. 

These men tended to be thin and to 
have very high serum cholesterol values, 
especially in East Finland. The less ac­
tive men, and those in the higher socio­
economic class, tended to have the high­
est relative body weights and 5 skin­
folds. Neither blood pressure nor serum 
cholesterol tended to be related to phy­
sical activity or socio-economic status. 

Most of these men smoked cigarettes. 
The non-smokers included unduly large 
proportions of the relatively heavy, 
obese men, and men with high blood 
pressure. 

Both areas tended to have a relatively 
high frequency of electrocardiographic 
abnormalities; this was most pro­
nounced in East Finland. 

The prevalence of hypertension tend­
ed to increase with increasing relative 
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body weight and 5 skinfolds, especially 
in West Finland. The prevalence of 
hypertension appeared to be unrelated 
to serum cholesterol concentration in 
either area. 

Overweight was uncommon in East 
Finland, somewhat more common 
in Wes t Finland. In both areas, but 
especially in West Finland, the prev­
alence of overweight rose with in­
creasing blood pressure. In West Fin­
land, but not in East Finland, the 
prevalence of overweight rose with 
increasing serum cholesterol concentra­
tion. 
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C5. THE TOWN OF ZUTPHEN, THE NETHERLANDS 

by F. S. P. van Buchem and L. M. Dalderup. 

Introduction 

Zutphen has long been a small 
commercial town, a center of commerce 
and traffic of a farming district in the 
eastern part of the Netherlands. The 
climate is typical of the lowlands near 
the North Sea, that is to say it is tem­
perate and moist. In modern times 
manufacturing has become increasingly 
important, with a particularly strong 
development after the second world 
war. Today there are, among others, 
factories producing machinery, ready-
made clothing, and for processing iron 
and leather, printing and book-binding 
establishments, rag grading and pack­
ing plants. Besides light industry and 
the activities of a retail market center, 
Zutphen is notable as a center for 
secondary and technical education for 
a large district. The two hospitals of 
the town have a full staff of specialists, 
including three specialists in internal 
medicine. The population numbers 
about 25,000. 

Zutphen was chosen as a center for 
epidemiological research on athero­
sclerosis because it is a town of suit­
able size with a very stable population 
who had shown willingness to coop­
erate in an earlier somewhat sim'lar 
medical survey. The population registry 
of Zutphen on January 1, 1960, con­

tained about 2,300 men then aged 40 
through 59 years. Because only about 
1,000 men of those ages could be in­
cluded in the study, 4 out of every 9 
names were randomly selected from the 
alphabetical registry. Seventy per cent 
of these men responded favorably to a 
written invitation and the remaining 30 
per cent were personally visited in the 
attempt to recruit them. 

In the summer of 1960 a total of 907 
men were examined, representing 83.4 
per cent of those invited. When the 
studies were repeated in 1961 and 1962 
another 10 invitees came in, bringing 
the total to 917 men and 84.3 per cent 
coverage in the full examination. The 
cooperation of the local physicians 
made it possible to obtain information 
about the state of health of all but 7 of 
the men who were unwilling to co­
operate. 

The examinations in 1960 were car­
ried out by a team, headed by a profes­
sor of internal medicine, which included 
3 internists, 2 general practitioners, an 
ophthalmologist, who were assisted by 
technicians and nurses. 

In addition to the standard items in 
the protocol common to all of the areas 
in this cooperative study, the work at 
Zutphen in 1960 included detailed 
ophthalmological examination and fluo­
roscopy of the chest. These latter 
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items will be considered in separate 
reports. 

The present statistical analysis con­
cerns 878 men whose records were 
complete for most items and who were 
40 through 59 years of age at the time 
of the examinations in 1960. 

Age, Physical Activity and Occupation 

Table C5.1 gives the distribution of 
men, by age, into the three classes of 
habitual physical activity. In regard to 
age, there is a notable deficit of men 
aged 40—44 in the sample, presumably 
reflecting losses to the Zutphen popula­
tion of the younger men related to 
World W a r II and its aftermath of 
migration. The men aged 40—44 in 
1960 were aged 25—29 at the end of 
the war in 1945. Except for the U.S.A., 
a relative deficiency of men in this 
youngest age class was noted in all of 
the other samples in this cooperative 
study. 

Few of the middle-aged men in Zut­
phen are engaged in heavy work but 
there is no evidence for a withdrawal 
from heavy manual labor with advanc­
ing age; the highest percentage of men 
in heavy work is in the oldest age 
group. The occupational distribution 
of the Zutphen men is given in Table 
C5.2. It is notable that a third of the 
sample are professional men or are en­
gaged in business or clerical jobs. The 
occupational data indicate that a high 
proportion of the middle-aged men in 
Zutphen are in "white collar" jobs or 
in jobs involving a considerable de­
gree of skill. Agricultural pursuits of 
one kind or another, which once occu­
pied a substantial proportion of men in 
Zutphen, was represented in 1960 by 
only 2.5 per cent of the men in the 
sample. Both in regard to physical ac­
tivity and occupation the distribution of 
the men in Zutphen is greatly different 
from all the other general population 

samples in this cooperative study; the 
other samples being dominated by 
heavy physical activity and by farmers. 

Distribution of the Measured 
Variables 

Table C5.3 gives the median values 
of the men, classed by age, for rela­
tive body weight, the sum of the skin­
folds, blood pressure and serum choles­
terol. Table C5.3 also gives these 
medians as percentages of the average 
medians for the men in all 18 samples 
in this cooperative study. The cumu­
lative frequency distributions of these 
variables are shown in Figure C5.1. 
Details of the distributions are given in 
the Appendix. 

In this Zutphen material there was 
no significant age trend in height, skin­
fold thickness or serum cholesterol so 
all ages, 40—59, were combined to pro­
vide the cumulative frequency distribu­
tions of these variables in Figure C5.1. 
Relative body weight and both systolic 
and diastolic blood pressure showed 
significant age trends. For these three 
variables the heavy line is for ages 40— 
49, the light line is for ages 50—59. In 
Figure C5.1 the ordinate is on a prob­
ability scale. The deviation of the 
cumulative frequencies from a straight 
line is obvious for blood pressure at 
ages 50—59 but serum cholesterol and 
2 skinfolds also depart somewhat from 
a normal, Gaussian distribution. 

The men of Zutphen are relatively 
tall, being exceeded in height only 
slightly by the U.S. railway executives 
who are the tallest group among the 18 
samples. Though they tend to have 
slightly higher relative body weights 
than the men in most of the other sam­
ples, they are not so much inclined to 
overweight as the men in Crevalcore 
and Rome, Italy, or any of the U.S. 
samples. Their position in regard to 
body fatness is similar to that for rela-
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TABLE C 5 . 1 

Zutphen m e n in I960, c l a s s ed by age and phys ica l ac t iv i ty (1 = s e den t a r y , 2 
mode r a t e l y a c t ive , 3 = v e ry a c t i ve ) . 

A G E 

40-44 
45-49 
50-54 
55-59 

TOTAL 
MEN 

181 

237 
235 
225 

1 

24 . 3 
17 .8 
2 4 . 3 
30 .7 

% IN ACTIVITY 
2 

6 6 . 9 
74 . 2 
6 4 . 7 
52 .4 

3 

8 . 8 
8. 1 

11 . 1 
16 .9 

All ages 878 24. 1 64 .6 11 .3 

TABLE C 5 .2 

Zutphen men , I960, c l a s s ed by occupat ion . 

OCCUPATION CODE % OCCUPATION CODE % 

P ro f e s s i ona l 
B u s i n e s s , e t c . 
F o r e m a n 
C l e r i c a l 
P r o t e c t i on 
Food Hand le r s 
Skil led l ight c ra f t s 
T r an spo r t a t i on 

1-10 
11-15 
16-22 
23-26 
27-30 
31-39 
40 -44 
45 -53 

5 . 

17 . 
4 . 

10 . 
3 . 

5 . 
5 . 
6 . 

3 

5 

.7 
5 
0 
8 
2 
3 

Building t r a d e s 
Meta l wo rk 
Ag r i cu l t u r e 
F a c t o r y work 
Se rv i ces 
Gene ra l l abor 
Misce l l aneous 
Not working 

54-61 
62-65 

6 6 - 69 , 71-75 
78-80 
81-87 
88, 89 
90-94 
95-98 

11.0 
8 . 5 
2 . 5 
5 . 5 
2 . 6 
3 . 4 
7 . 3 
0 . 8 

TABLE C 5 . 3 

Medians for Zutphen m e n , c l a s s ed by age , and t h e s e va lues a s p e r c en t age s of 
the a v e r a g e s of the med i an s for a l l 18 s amp l e s of m e n . 

VARIABLE MEDIAN VALUES 
40-44 45-49 50-54 55-59 

Height ( cm. ) 
Re la t ive Wt. (%) 
2 Skinfolds (mm . ) 
Sys tol ic B . P . (mm. Hg) 
D ias to l ic B . P . " 
S e r u m Chol. (mg. %) 

175 

99 
24 

140 
90 

233 

175 
97 
23 

140 
90 

235 

174 
97 
24 

140 
90 

227 

172 

97 
22 

145 
88 

226 

MEDIAN, % OF AVERAGE 
40-44 45-49 50-54 55-59 

103.1 103.5 103.4 102.6 
100.9 100.8 101.9 103 .1 
113.2 112.5 115.9 110.6 
106.9 105.3 102.2 103 .1 
111.1 110.6 107.9 104.4 
112.9 113.4 108.7 109.4 

13 
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tive body weight; all of the U.S. sam­
ples tend to be much fatter and the 
Rome railway employees are slightly 
fatter than the men of Zutphen. 

In general, the men of Zutphen tend 
to have somewhat higher blood pres­
sures than the men in any of the other 
areas except in Karelia (East Finland). 
Finally, the serum cholesterol concen­
tration tends to be relatively high in 
these men but not as high as in the U.S. 
railway employees and far lower than 
in the men in Finland. In a broad clas­
sification of the 18 population samples, 
the men of Zutphen would be grouped 
with the men in Finland and in the 
U.S.A. in the high serum cholesterol 
category. 

Smoking Habits 

In regard to smoking habits, the men 
of Zutphen differ from the men in all 
of the other 17 samples in this cooper­
ative study in that many of them smoke 
pipes and cigars; these are infrequently 
used in the other populations. Still, 
three-quarters (74.7 per cent) of these 
men of Zutphen smoke cigarettes, 
though only a few ( 10.6 per cent) could 
be classed as heavy cigarette smokers, 
i.e., men who regularly smoke 20 or 
more cigarettes daily. Only 7.6 per 
cent of the Zutphen men never smoked 
cigarettes. Table C5.4 gives the data. 

As in most of the other samples, it 
was observed that the non-cigarette 
smokers tended to be relatively heavier 
and fatter than the cigarette smokers. 
Though the non-cigarette smokers re­
presented only 25.3 per cent of the 
sample, they accounted for 35.1 per cent 
of the men in the top 20 per cent for 
relative body weight and 37.6 per cent 
of the top 20 per cent in the sum of the 
skinfolds. There was no significant dif­
ference between the cigarette smokers 
and the non-cigarette smokers in their 
distribution in regard to blood pressure 

or serum cholesterol. Data are sum­
marized in Table C5.5. 

The heaviest cigarette smokers were 
not notable in regard to blood pressure 
or serum cholesterol but, curiously, they 
too, like the non-cigarette'smokers, tend­
ed to overweight and obesity. Though 
only representing 10.7 per cent of all 
the men, they accounted for 16. 1 and 
15.0 per cent of the top 20 per cent of 
all men in relative weight and sum" of 
skinfolds, respectively. These figures 
indicate excesses of 51.9 and 41.5 per 
cent, respectively, of cases of over­
weight and of obesity among the heavy 
cigarette smokers. 

Electrocardiographic Findings 

The electrocardiographic data from 
recordings at rest are summarized in 
Table C5.6 which gives numbers of 
cases and rates per 1 000 men of find­
ings of abnormalities in terms of the 
classification in the Minnesota Code 
(Blackburn et a/., 1960). As expected, 
the prevalence of ECG abnormality 
increased with age in substantially all 
items. An interesting exception is the 
prevalence of sinus tachycardia in rest 
which steadily decreased with age. 

The most common single abnormali­
ties in rest were left axis deviation 
(Code II, 1), tall R waves (Code III, 
1), flat or slightly negative T wave 
(Code V, 3), and sinus tachycardia 
(Code VIII, 7), with all-ages preva­
lences of 39.9, 43.3, 36.5 and 53.6 ca­
ses per thousand, respectively. Q wave 
abnormality was relatively frequent. 
The most definite sign of previous myo­
cardial infarction, Code I, 1, was shown 
by 8 men (9.1 per thousand); for men 
55—59 the rate of this finding was 
22.2 per thousand. 

The post-exercise ECG, recorded for 
97.7 per cent of the men, provided a 
moderate yield of additional abnormal­
ities, particularly of S-T depression 
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TABLE C5 .4 

C iga re t t e smoking hab i t s of m e n of Zutphen. P e r c e n t a g e of m e n who neve r 
smoked, who had s topped, who smoked 1-9, 10-19, 20 or m o r e c i g a r e t t e s 
daily a t the t ime of t h e i r examina t ion . 

SAMPLE 

Zutphen 
M 

II 

II 

AGE 

40-44 
45-49 
50-54 
55-59 

NEVER 

6 .1 
6 .4 
6 . 4 

11 .3 

QUIT 

11 .2 
11 .5 
2 4 . 3 
22 .6 

1-9 

2 7 . 4 
3 2 . 5 
30 .6 
30 .8 

10-19 

39 .7 
36 .8 
3 1 . 9 
26 .7 

20 OR MORE 

15.6 
12 .8 
6 .8 
8.6 

40 -59 7 .6 17.7 30 .5 33 .5 10 .7 

TABLE C5 . 5 

Smoking. Number of m e n in Zutphen, Ne the r l ands below (LOW) and above (HIGH) 
the age - spec i f i c med i a n s , for age and a r e a , of m e a s u r e d v a r i a b l e s , c l a s s ed 
a ccord ing to smoking h ab i t s . HEAVY = 20 or m o r e , OTHER = 1-19 c i g a r e t t e s da i ly . 

VARIABLE 

Rela t ive Weight Zutphen 

S Skinfolds " 

Systol ic B . P . " 

D ias to l ic B . P . " 

S e rum Cho le s t e ro l " 

LOW 

98 

86 

105 

93 

110 

HIGH 

122 

134 

115 

127 

103 

LOW 

43 

44 

44 

44 

34 

HIGH 

49 

49 

49 

48 

57 

LOW 

294 

303 

284 

298 

268 

HIGH 

262 

253 

271 

257 

253 
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FREQUENCY O F RESTING 
(Rate p e r 1, 

ECG FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

Q Waves 

ECG 
Code 

I - IX 

I 1 
2 
3 

ELECTROCARDIOGRAPHIC FINDINGS 
00Û men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

40 -44 
(180) 

45-49 
(237) 

50-54 
(235) 

55-59 
(225) 

7 6 ( 4 2 2 . 2 ) 1 09 ( 459 . 9 ) 1 0 6 ( 451 . 1 ) 1 06 (471 . 1 ) 

0 0 3 ( 12. 8) 5 ( 2 2 . 2 ) 
3 ( 16 .7) 3 ( 12 .7) 2 ( 8 .5) 6 ( 26 .7 ) 
3 ( 16 .7) 1 ( 4 . 2 ) 2 ( 8. 5) 5 ( 22 .2 ) 

Axis Dev ia t ion II 
Left 
Right 

High Ampl i tude R Waves III 
Left type 
Right type 

S -T D e p r e s s i o n ( r e s t ) IV 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 

T -Wave Negat iv i ty ( r e s t ) V 
- 5 m m . o r m o r e 
- 1 m m . to - 5 m m . 
0 + l . m m . 

A - V Conduct ion Defect VI 
Comp le t e Block 
P a r t i a l Block 
P - R o v e r 0 . 21 s e cond 
A c c e l e r a t e d Conduct ion 

V e n t r i c u l a r B locks VII 
Left Bundle 
Right Bundle 
I n comp le t e R ight Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s VIII 
P r e m a t u r e Bea t s 
V en t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t i on , f l u t t e r 
S up r a - v en t . t a c h y c a r d i a 
Ven t r i c u l a r r hy t hm 
A - V nodal r hy thm 
Sinus t a c hyc a r d i a 
Sinus b r a d y c a r d i a 

Techn ica l ly poor r e c o r d s IX 8 

3 ( 16. 7) 11 ( 4 6 . 4 ) 7 ( 29. 8) 
1 ( 5. 6) 0 0 
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0 0 0 
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where none was present in rest. The 
data are given in Table C5.7. In rest, 
34 cases of S-T depression were ob­
served; 44 more cases were noted post-
exercise and in 13 of these the re­
sponse was that often called "ische­
mic" (Code IV, 1, 2, 3 ) . Arrhythmias 
were observed post-exercise in 13 men 
who had not shown arrhythmias in 
rest. 

Table C5.7 also shows the pre­
valence of certain ECG findings, in­
cluding combinations, that are common­
ly considered to be of clinical import. 
The only combination of ECG abnor­
malities that adds materially to the pre­
valence of clinical import is tall R wave 
plus S-T depression; there were 8 ca­
ses of this combination. 

Prevalence of Hypertension 

Table C5.8 shows the prevalence in 
Zutphen of hypertension specified ac­
cording to four different criteria. By 
any criterion the men of Zutphen have 
a high prevalence of elevated blood 
pressure. Among the 18 population sam­
ples in the present cooperative study, 
only the men of Karelia (East Fin­
land) match the men of Zutphen in this 
respect. With the relatively conservative 
criterion of diastolic blood pressure of 
100 or more mm. Hg, about one-fifth of 
the men of Zutphen have hypertension. 
Wi th the lowest cut-off for hyperten­
sion, 140 or more mm. Hg in systole, 
more than half of the Zutphen men are 
hypertensive. 

The prevalence of hypertension in 
Zutphen is strongly related to relative 
body weight and to body fatness (2 
skinfolds) as indicated in Table C5.9. 
Among men above the median for their 
age of either relative weight or fatness 
the prevalence of hypertension, defined 
as diastolic blood pressure of 95 or more 
mm. Hg, is more than twice that among 
men below the median. The men in the 

top 20 per cent of the distribution of 
either relative weight or fatness are 
about 5 times more prone to hyperten­
sion than the men in the bottom 20 per 
cent of the distribution of these vari­
ables. 

Though there is a slight indication 
that hypertension increases with increas­
ing serum cholesterol, this trend is not 
statistically significant for the compari­
son above vs. below median cholesterol 
(chi-square = 1.63) nor for the com­
parison of the men in the top vs. those 
in the bottom 20 per cent of the choles­
terol distribution (chi-square = 3.09). 

Prevalence of Overweight 

Overweight is subject to definition, 
of course, but most investigators would 
agree that a relative body weight of 10 
per cent or more above the average 
weight for height and age as given in 
the Medico-Actuarial Tables of 1912 
(see Appendix) is definitely over­
weight. For a man aged 50 with height 
= 170 cm., for example, a relative 
weight of 110 per cent on that basis 
would mean a body weight of 77.7 kg. 

Among the Zutphen men, 13 per cent 
had relative body weights of 110 per 
cent or more. Wha t were other charac­
teristics of these overweight men? 
Above it was noted that the prevalence 
of hypertension was strongly related to 
relative body weight. The reverse anal­
ysis is summarized in Table C5.10. 

In the Zutphen sample the prevalence 
of overweight is strongly related both 
to arterial blood pressure and to serum 
cholesterol concentration. The relation­
ship is most marked with diastolic blood 
pressure. Overweight is three times as 
common among men with above-median 
than among men with below-median 
diastolic blood pressure; in the top 20 
per cent of the diastolic B. P. distribu­
tion the prevalence of overweight is sev­
en times that in the bottom 20 per cent. 
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TABLE C5 . 7 

ZUTPHEN, NETHERLANDS 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG 40-44 45-49 50 -54 55-59 
ECG FINDING Code (179) (234) (223) (212) 
E x e r c i s e t e s t s not m a d e o r X I 

i n comp le t e X 2 1 ( 5. 6) 3 ( 1 2 . 7 ) 1 2 ( 5 1 . 1 ) 1 3 ( 5 7 . 8 ) 
S-T D e p r e s s i o n p o s t - e x e r c i s e 

(none at r e s t ) XI 
S-T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 
T Wave Negat iv i ty p o s t - e x e r c i s e 

(none a t r e s t ) 
- 5 m m . o r m o r e 
-1 to -5 m m , 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none a t r e s t ) 

T echn i ca l l y poor p o s t - e x e r c i s e 
r e c o r d s 

FREQUENCY O F CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
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XV 

XI 

1 
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TABLE C5. 8 

Percentage of Zutphen men classed as hypertensive by blood pressure cr i ter ia: 
systolic B . P . 140 or more and 160 or more; diastolic B .P . 95 or more and 
100 or more mm. Hg. 

AGE 

40-44 
45-49 
50-54 
55-59 

SYSTOLIC 
140 

54. 1 
54.0 
56.2 
63. 1 

160 

13.8 
19.8 
24.9 
27.6 

DIASTOLIC 
95 

29.4 
29 .1 
30.9 
31.6 

100 

19.4 
17.7 
23.2 
22.7 

BOTTOM 
20% 

11.5 
U . 5 
28.0 

BELOW 
Median 

19.2 
18.0 
29.0 

ABOVE 
Median 

41.4 
42.6 
33.2 

TOP 
20% 

50.5 
53.0 
37.5 

TABLE C5.9 

Prevalence (%) of high diastolic B. P . (95 or more mm, Hg) among Zutphen 
men classed below and above the median and in the bottom and top 20% of all 
men of same age for the variables indicated. 

VARIABLE 

Relative weight 
2 Skinfolds 
Serum cholesterol 

TABLE C5. 10 

Prevalence (%) of overweight (110% or more) among Zutphen men classed 
below and above the median and in the bottom and top 20% of all men of same 
age for the variables indicated. 

VARIABLE 

Systolic B . P . 
Diastolic B. P . 
Serum cholesterol 

BOTTOM 
20% 

8 .0 
4 . 0 

10.0 

BELOW 
Median 

9.2 
6 . 2 
8 .8 

ABOVE 
Median 

18.0 
20.6 
17.6 

TOP 
20% 

26.0 
28.0 
18.5 
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The prevalence of overweight is about 
twice as high in the above-median sys­
tolic B. P. men as in the below-median 
men and a similar relationship holds for 
serum cholesterol. In the comparison of 
the top vs. the bottom 20 per cent clas­
ses of the distributions, however, systol­
ic B. P. may be more important than 
serum cholesterol. All of these differen­
ces are statistically highly significant 
with p = 0.01 or less. 

Relationships Concerning Occupation 
and Physical Activity 

As noted above, the men in Zutphen 
were classed into three levels of habit­
ual physical activity as well as by 
occupation. The occupations may be 
grouped into two broad socio-economic 
classes —Code nos. 1—13 (professional, 
managerial and business owners), and 
Code nos. 14—94 (all other occupa­
tions). The data are suitable for exami­
nation of the question as to whether the 
men so classed differ in their tendency 
to have high values of the measured 
variables of relative weight, body fat­
ness (5 skinfolds), arterial blood pres­
sure and serum cholesterol concentra­
tion. For these purposes "low" and 
"high" values are defined as the bottom 
and top 30 per cents of the distribution 
of the values of all Zutphen men in the 
same age quinquennium. 

The basic data are set forth in Table 
C5 . l l . The bottom 3 lines in Table 
C5. l l concern physical activity, ignor­
ing occupational status. In general, 
men with the lowest physical activity 
(Class 1) tend to be more often over­
weight, over-fat, and to have higher 
blood pressure and serum cholesterol 
values than the other men. The moder­
ately active men (Class 2) tend to 
show the opposite tendency but to a less 
marked degree. The men with the 
highest physical activity (Class 3) are 

most often lean and characterized by 
low serum cholesterol values but they 
are not remarkable in regard to relative 
body weight or blood pressure. 

On the other hand, when physical 
activity is ignored, there is an even more 
striking distinction between men in 
occupational classes 1—13 and those in 
all other occupations. The men in the 
upper socio-economic class are much 
more often relatively overweight and 
obese, prone to high blood pressure and 
to have high serum cholesterol values 
than the rest of the population. It should 
be noted that the men in occupations 
1—13 are generally characterized by 
low physical activity; among a total of 
155 men in those occupations, 45.8 per 
cent were in Activity Class 1 and only 
six could be classed as being very active 
(Class 3). 

The question then arises as to what 
extent the measured characteristics as­
sociated with occupation can be ascribed 
to physical activity and, on the other 
hand, the extent to which socio-econo­
mic status may be responsible for the 
differences associated with physical ac­
tivity. Tables C5.12, C5.13, and C5.14 
concern these questions. It appears that 
most of the association of low physical 
activity with high values of these vari­
ables is accounted for by socio-economic 
status. Some, but certainly not all, of 
the association of high socio-economic 
status with high values of these varia­
bles is, in turn, accounted for by phy­
sical activity. 

It will be generally agreed that high 
values of the variables considered here 
are associated with an increased ten­
dency to develop coronary heart dis­
ease. On this basis, the men at Zutphen 
who are most at risk are those in the 
upper socio-economic class whose habit­
ual physical activity is low. On the 
other hand, the men in the lower socio­
economic group who are most active 
physically would not appear to repre­
sent a remarkably low risk group com-

http://C5.ll
http://C5.ll
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Zutphen 
1-94 
1-13 
14-94 

m2 
Exces s Chi 

22 .8 5 .84 
14.9 1.97 
10.2 0 .47 

Excess 

41 .3 
13. 1 
44 .8 

Chi2 

21.41 
1.61 

12.47 

203 

TABLE C5. 12 

Activity 1 v s . Activity 2. Exces s frequency of high values (deciles 8-10) of the v a r i ab le s 
observed among men of Activity 1, e xp re s sed as % of expectation from total number s of 
men in Act ivi t ies 1 plus 2. Also, c h i - squa re values for the differences between observed 
and expected d i s t r ibu t ions . 

OCCUPATION REL . WT.„ S SKINFOLDS SYST. B. P . DIAST. B . P . CHOLESTEROL 
Excess Chi Exces s Chi Exces s Chi 

20 .0 4 .26 17.3 3 .24 24 .8 6.94 
5 .5 0 .06 15 .8 1.49 - 10 . 8 0.92 

26 .9 4 .57 10.5 0 .58 29 .4 4 .64 

TABLE C5. 13 

Activity 2 v s . Activity 3 . Occupations 14-94 only. Excess f requency, a s in Table C5. 12, 
of high values among men of Activity 2, 

REL . WT. S SKINFOLDS SYST. B. P . DIAST. B. P . CHOLESTEROL 
Exces s Chi2 E xces s Chi 2 E xces s Chi2 E xces s Chi2 E xces s Chi 

- 2 . 3 0 .38 4 .2 1.26 - 3 . 7 1.29 - 1 . 4 0 .12 - 2 . 5 0 .39 

TABLE C5. 14 

Occupations 1-13 v s . 14-94. Exces s f requency, as in TableC5. 12, of high values among 
men in Occupations 1-13, exp ressed a s % of expectation from total n umbe r s of men in 
Occupations 1-13 + 14-94. 

ACTIVITY REL . WT. S SKINFOLDS SYST. B. P . DIAST. B. P . CHOLESTEROL 
Exces s Chi Excess Chi Exces s Chi Exces s Chi Excess Chi 

Zutphen 
1+2 49 .1 18.74 47 .9 19.23 3 .4 0 .04 20 .9 3 .18 46 .7 16.82 
1 39 .1 8.98 18.0 2 .43 - 9 . 1 3 .04 19.5 1.83 8.9 0 .31 
2 40 .9 5 .28 15 .4 10.01 6.0 0 .05 10.6 0 .26 74 .3 18.40 

P robab i l i t i e s , p , a s soc ia ted with ch i - squa re va lues : 2 . 7 1 , p = 0 .10; 3 .84 , p = 0 .05 ; 5 . 4 1 , 
p = 0 .02; 6 .64, p = 0 . 01 ; 10 .83 , p = 0 . 001 . 
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pared to the other men in those samples. 
They have a somewhat reduced tenden­
cy to hypercholesterolemia but they are 
not remarkable in either relative body 
weight or in blood pressure. Their chief 
distinguishing feature is the fact that 
they are often overweight but not over-
fat. 

Prevalence of Hypertension 

Table C5.15 shows the prevalence of 
diastolic hypertension, judged by two 
criteria, among men classed by age at 
Zutphen. In general, hypertension was 
common at Zutphen and more preva­
lent there than in the average of all the 
samples of men in these studies. It is 
interesting, however, that there is no 
age trend over the years 40—59 in the 
frequency of hypertension at Zutphen. 

Thirty per cent of all men aged 40— 
59 at Zutphen would be classed as hy­
pertensive in 95 mm. in diastole (fifth 
phase) is the criterion. Figure C5.2 
shows the distribution of these hyper­
tensive men into the decile classes of 
relative body weight, 2 skinfolds, and 
serum cholesterol. If the prevalence of 
hypertension were unrelated to these 
other variables, in each case the trend 
would be random about a horizontal 
straight line on the graph, i. e. only 
chance would cause different numbers 
of men to fall into the different decile 
classes. 

At Zutphen the prevalence of hyper­
tension rises sharply with both relative 
weight and 2 skinfolds; substantially, 
the relationship to decile class is an up­
ward-sloping straight line. The fattest 
men (decile 10 in 2 skinfolds) have al­
most 10 times the prevalence of hyper­
tension of the thinnest men (decile 1); 
the actual numbers are 49 of 88 and 5 
of 88 men, respectively. 

With serum cholesterol a relationship 
is much less marked and regular. How­
ever, if the men in the top 30 per cent 

(deciles 8, 9, 10) of the cholesterol dis­
tribution are compared with all the other 
Zutphen men, they prove to have a 19.4 
per cent excess of cases of hypertension; 
this is significant, with chi-square = 
5.64 and p = less than 0.02. 

Prevalence of Overweight 

Table C5.16 shows the prevalence of 
overweight, by two relative weight cri­
teria, among the men of Zutphen classed 
by age. In general, overweight is not 
very common and it is less frequent 
at Zutphen than in the average of all 
samples of men in these studies. At 
Zutphen the frequency of overweight 
tends to diminish slightly with age from 
40 through 59 years. 

If 110 per cent or more relative body 
weight is taken as a definition of over­
weight, 13 per cent of all the Zutphen 
men aged 40—59 are overweight. The 
distributions of those overweight in dec­
ile classes of serum cholesterol, diasto­
lic blood pressure, and systolic blood 
pressure are shown in Figure C5.3. 

With increasing blood pressure, eith­
er systolic or diastolic, the prevalence 
of overweight increases but the relation­
ship tends to be curvilinear, especially 
with systolic blood pressure. The top 
systolic blood pressure class differs 
sharply from the rest of the distribution; 
in that class 35.6 per cent of the men 
are overweight and if that class is omit­
ted from the analysis almost no statisti­
cally significant relationship remains 
between overweight and systolic blood 
pressure. 

The trend of prevalence of over­
weight with increasing serum cholester­
ol is irregular. However, there is high 
statistical significance when the top 
(deciles 8—10) and bottom (deciles 
1—3) of the cholesterol distribution are 
compared. In the top 30 per cent of the 
cholesterol distribution 46 out of 247 
men are overweight compared with 23 
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TABLE C5 .15 

P r e v a l e n c e of d ias to l ic hype r t ens ion (95 or m o r e , 100 or m o r e m m Hg, fifth phase) 
among men c l a s s ed by age . P e r c en t a g e of m e n at Zutphen who a r e hype r t ens ive , 
c ompa r ed with the a v e r age for all 18 s amp l e s of men . 

SAMPLE 40-44 45-49 50-54 55-59 

9 5 m m 100mm 9 5 m m 100mm 9 5 m m 100mm 9 5 m m 100mm 

Zutphen 29 .4 

Mean , 18 s amp l e s 13 .6 

9 .4 

7 .9 

29. 1 

15 .6 

17. 7 

8 .9 

30 .9 

20. 9 

23 .2 

13. 5 

31 .6 

21 .5 

22. 7 

13 .8 

TABLE C5 .16 

P r e v a l e n c e of overweight (110 or m o r e and 120 or m o r e p e r cent of " s t a nda r d " 
a v e r age for height and age ) . P e r c en t a g e of m en at Zutphen, c l a s s ed by age , who 
a r e overweigh t , c ompa r ed with the a v e r age for a l l 18 s amp l e s of men . 

SAMPLE 40-44 45-49 50-54 55-59 

110% 120% 110% 120% 110% 120% 110% 120% 

Zutphen 14.9 3 .3 13.5 3 . 8 13.7 1.7 11.6 2 .7 

Mean , 18 s amp le s 2 0 . 9 8 .4 19 .4 6 . 9 18 .1 6 . 7 16 .8 7 .3 
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out of 250 men in the bottom 30 per 
cent of the distribution; chi-square = 
8.60 and p = about 0.005. 

Summary 

In the commercial town of Zutphen, 
in the eastern part of the Netherlands, 
a statistical sample of four out of nine 
men aged 40—59 was drawn and 84.3 
per cent of these men (N = 917) were 
examined. Only 11.3 per cent of these 
men were engaged in heavy physical 
activity; 24.1 per cent were sedentary 
or did only light work. 

In general, compared with other sam­
ples in these studies, the men of Zut­
phen were somewhat above the average 
in relative body weight, 2 skinfolds, 
blood pressure and serum cholesterol. 
Most of them were cigarette smokers 
but only 10.7 per cent smoked 20 or 
more cigarettes daily. The non-smokers 
tended to be more often overweight and 
obese, and to have higher blood pres­
sures than the smokers. Electrocardio­
graphic abnormalities, in rest and after 
exercise, were not very common but 
tended to be somewhat more prevalent 
than in the rural populations studied in 
Italy, Greece, Yugoslavia and Japan. 

Hypertension was common by any 

criteria and was especially prevalent 
among men in the upper part of the dis­
tributions of relative weight, 2 skinfolds 
and serum cholesterol concentration. 
Similarly, overweight was unduly com­
mon among men in the upper part of 
the distributions of blood pressure and 
serum cholesterol. 

High values for relative weight, 2 
skinfolds, blood pressure and serum 
cholesterol were more common among 
sedentary than among more active men 
and among men in the higher socio-eco­
nomic class than in the lower class. 
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C6. RURAL POPULATIONS IN CRETE AND CORFU, GREECE 

by Christ Aravanis, A. S. Dontas, D. Lekos and Ancel Keys 

Introduction 

An early decision in the plans for the 
present series of studies was to include 
at least one sample of men whose habit­
ual diet is high in fat but low in satura­
ted fatty acids. Populations eating large 
amounts of olives and olive oil would 
meet these specifications and among 
many such populations at the eastern 
end of the Mediterranean Sea the island 
of Crete is a classical example. In the 
vicinity of Iraklion (Heraklion, the an­
cient Candia) the olive tree has been a 
major source of food for at least five 
thousand years; great pottery jars and 
vats for the storage of olive oil are num­
erous in the ruins of the palace of 
Minos and other remnants of the Min-
oan civilization. 

Crete also had the advantage of be­
ing the subject of an intensive study 
shortly after World W a r II, sponsored 
by the Rockefeller Foundation, which 
provided much information about health 
conditions, diet, etc. (Albaugh, 1953). 
That study documented the fact of the 
continued prominence of olives and es­
pecially olive oil and small consumption 
of meats and dairy products in a simple 
but reasonably abundant diet. Cardio­
vascular diseases appeared to be rela­
tively uncommon from the rather super-

14 

ficial information on morbidity and 
mortality collected by the Rockefeller 
group. 

The later decision to include a study 
on the island of Corfu was based on 
information that the diet there is similar 
to that in Crete but that the attitudes 
and social psychology there are much 
more European in contrast with the 
Cretans whose psychology is more 
Oriental. Our preliminary survey of 
middle-aged men in eleven villages in 
Crete in 1957 had shown a remarkable 
rarity of coronary heart disease and the 
question was raised as to whether in 
part this was related to the fatalistic 
philosophy and preservation of the old, 
unhurried ways characteristic of rural 
Crete. In short, comparison of Crete 
and Corfu offered the prospect of com­
paring two populations of Greek farm­
ers eating much the same diet and 
practicing the same kind of handlabor 
agriculture but perhaps differing in 
"tension". 

Crete 

The mountainous island of Crete 
with an area of 3,600 square kilometers 
and a population today of 550,000, is a 
land of small farmers with a very long 
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history. The island gave birth to the 
Minoan Civilization some 5,000 years 
ago but beginning with the incursion of 
the Dorians, early in Greek history, 
from what now is Greece proper, it has 
seldom been free from invasions and 
protracted foreign rule—notably by the 
Romans, Venetians and Turks. Finally, 
in 1913 Crete again became an integral 
part of Greece. Though there is no sep­
aratist sentiment, even today the popu­
lation tends to consider itself Cretan as 
well as Greek. Hundreds of years of 
Turkish rule left its mark so that the 
culture of Crete is relatively less Wes ­
tern and modern than that of other 
parts of Greece. 

The climate is warm-temperate, rain 
is rather scanty and the land is dry a 
good deal of the year in many parts of 
the island. Basically, the only industry 
is agriculture and this is concentrated 
on a few crops, chiefly table grapes, 
olives and olive oil, white currants, nuts 
and pulses. Table grapes for export are 
a major cash crop in the study area. 
The olive has been of key importance 
in the diet since Minoan times and there 
is reason to believe that the local diet 
has changed little for many centuries. 

The area under study on Crete con­
sists of a series of villages, inhabited by 
small farmers, centered at Kastelli, 
about 30 km. east and inland from the 
port city of Iraklion. In modern times 
many young men tend to leave these 
villages seeking opportunity in Iraklion, 
Athens, or overseas; they seldom return. 
Aside from such migration and a little 
movement between villages, the popula­
tion of these villages is very stable, poor 
in money and many amenities of mod­
ern life but relatively content. As in 
the rest of Crete, the Greek Orthodox 
religion prevails. 

Corfu 

The verdant island of Corfu, with an 
area of 589 square kilometers, lies just 

off the Greek mainland in the Ionian 
Sea. Homer, in the Odyssey, called it 
Pheakon. Corfu was a part of Greece 
as early as the 8th century B. C. but 
was dominated by the Romans from 300 
B. C. to 400 A. D., then by Byzantium 
until 1200, by Venice from 1386 to 
1797, by France and Russia from 1797 
to 1814, and by England from 1815 to 
1864 when it finally came back to 
Greek rule. 

The climate is warm-temperate and 
humid, with a long rainy season, con­
trasting with the more arid climate of 
much of Greece. Except for some trade 
as a tourist center (and winter home of 
royal families in the 19th and early 
20th centuries), the industry of the is­
land is purely agricultural, the main 
produce being olives and olive oil, 
grapes, pulses and fruits. 

Sociologically, Corfu is much more 
"European" than is Crete though both 
are wholly Greek and the Greek Ortho­
dox Church is dominant. Among rural 
areas in Greece, Crete is perhaps the 
least Western in outlook and manner, 
while Corfu is one of the most occi­
dental and European. 

The area under study on Corfu com­
prises a series of farming villages in the 
northeastern part of the island. As else­
where in Greek villages, there has been 
some outward migration of young men 
but otherwise the population is stable. 

As indicated in Section A, a survey 
was made in 1957 on the island of 
Crete in which the attempt was to exam­
ine substantially all of the men, then 
aged 45—65, in a selected series of vil­
lages. The protocol and methods were 
similar to those employed in the study 
in the fall of 1960 here reported. For 
the 1960 study the general area was 
the same but the age range was changed 
to cover men aged 40—59, inclusive, at 
the time of the examinations and for the 
sake of efficiency the geographical 
boundaries were changed and reduced 
so as to concentrate on six villages in-
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stead of covering twelve as in 1957. 
Accordingly, a considerable number of 
men examined in 1957 were re-exam­
ined in 1960 in Crete. 

Both in Crete and Corfu the initial 
rosters, compiled from official local re­
cords, proved to contain many inaccur­
acies — they listed some men who had 
long since moved to other parts of 
Greece or had emigrated abroad, a few 
who had died. A few men who had per­
manently moved into the study villages 
were not in the offical lists of our vil­
lages but were considered to be properly 
included in our study population. Final­
ly, some clerical errors in name or date 
of birth were corrected to provide the 
final roster. 

In both areas the cooperation was ex­
cellent and the result was that the ex­
aminations covered 686 out of 703 men 
in the roster in Crete (97.6 per cent), 
and 529 out of 555 men in the roster in 
Corfu (95.3 per cent). The data repor­
ted here cover slightly smaller numbers 
because some items of examination were 
inadvertently missed in occasional men 
and some blood samples were spoiled 
in the analysis. Further, when the sta­
tistical analysis was made, check of 
birth dates showed that a few men were 
out of the age range at the actual time 
of their examinations and their data are 
not included here. 

Age, Physical Activity and Occupation 

Table C6.1 gives the classifications of 
the men of Crete and Corfu by age and 
habitual physical activity. In both areas 
there is a relative shortage of men aged 
40—44 and in Corfu this shortage is 
also marked for men aged 45—49. 
Roughly, there is a relative shortage of 
something like 60 men in the age class 
40—44 in Crete, i.e. over a fourth of 
that cohort; in Corfu about the same 
proportion of men aged 40—49 who 

might be expected to be in the roster 
are no longer there. 

In large part this age structure must 
reflect losses in World W a r II and 
emigration thereafter. The men aged 
40—44 in 1960 and 1961 were those 
called first to defend Greece from the 
Italian and then from the German inva­
sions; at the start of these aggressions 
they were aged 19—23 (Corfu) or 20— 
24 (Crete). At the end of the war, the 
survivors of those cohorts were aged 
24—28 (Crete) or 25—29 (Corfu). 
During the war few of these young men 
had any possibility of marrying and es­
tablishing their own households in their 
native villages, many of them had seen 
something outside of those villages; 
they were no longer rooted in the local 
soil and were prone to seek opportunity 
in the cities or to emigrate. 

In Crete over 60 per cent of the men 
were habitually engaged in heavy physi­
cal work and less than 7 per cent were 
sedentary or did only light work. Corfu 
stands in sharp contrast, with less than 
a third of the men in Class 3 activity 
and an equal number in Class 1. The 
principal reason for this difference is 
the fact that the villages in the Corfu 
study are in close proximity to the port 
city of Corfu with many tourist estab­
lishments and holiday homes while the 
Crete villages are much more isolated. 

Table C6.2 shows the occupational 
distribution of the subjects in Crete and 
Corfu. Three-fourths of the Cretans 
and over half of the men of Corfu are 
farmers. More men are engaged in busi­
ness and clerical work in the Corfu vil­
lages than in Crete but even in Corfu 
less than 9 per cent of the men are so 
occupied. 

Distribution of Measured Variables 

Table C6.3 gives the median values 
of the men, classed by age, for relative 
body weight, the sum of the skinfolds. 
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TABLE C6. 1 

Men of Crete (I960) and Corfu (1961) classed by age (at time of examination) and 
habitual physical activity (1 = sedentary and light, 2 =moderate, 3 = very active). 

AGE 

40-44 
45-49 
50-54 
55-59 
All Ages 

TOTAL 
MEN 

160 
202 
175 
148 
685 

CRETE 
% 

1 

9 . 4 
5 .4 
7 . 4 
5 .4 
6 . 9 

in ACTIVITY: 
2 

26.3 
33.7 
33.0 
30.4 
31.0 

3 

64.3 
60.9 
59.6 
64.2 
62. 1 

TOTAL 
MEN 

120 
114 
169 
126 
529 

CORFU 
% 

1 

34.2 
25.4 
32.0 
34. 1 
31.6 

in ACTIVITY: 
2 

32.5 
43.0 
34.9 
39.7 
37.2 

3 

33.3 
31.6 
33. 1 
26.2 
31.2 

TABLE C6.2 

Men of Crete (I960) and Corfu (1961) classed by occupation. 

OCCUPATION 

Professional 
Business, etc. 
Foremen 
Clerical 
Protection 
Food Handlers 
Skilled light craft 
Transportation 
Building trades 

CODE 

1-10 
11-15 
16-22 
23-26 
27-30 
31-39 
40-44 
45-53 
54-61 

CRETE 
% 

3 . 8 
1.3 
0 

1.3 
1.2 
4 . 7 
2 . 2 
2 . 0 
2 . 6 

CORFU 
% 

2 . 3 
6 . 3 
1. 1 
2 . 4 
1.4 
3 .0 
2 . 0 
4 . 6 
6 . 9 

OCCUPATION 

Metal work 
Agriculture 
F ishermen 
Factory work 
Services 
General labor 
Miscellaneous 
Not working 

CODE 

62-65 
66-69, 71-75 

70 
78-80 
81-87 
88,89 
90-94 
95-98 

CRETE CORFU 
% 

1.7 
74.7 

0 
0 .6 
0 . 3 
0 . 3 
1.3 
1.9 

% 
2. 1 

54.7 
2 . 4 
1. 1 
1.5 
2 . 3 
1.9 
3 . 9 

TABLE C6.3 

Medians for the men 
as percentage of the 

ITEM 

Height, cm. 
" % of average 

Relative Weight 
" % of average 

S Skinfolds, mm. 
" % of average 

Systolic B .P . , mm. 
" % of average 

Diastolic B .P . , mm. 
" % of average 

Serum Choi. mg..% 
" % of average 

of Crete and Corfu, classed by age, and those values expressed 
average of the medians for all 18 samples of men. 

4 0 - 4 4 

166 

9 7 . 8 

94 
9 5 . 8 

14 
6 6 . 0 

131 
100 .0 

. 80 
9 8 . 8 

198 

9 5 . 9 

C R E T E 

4 5 - 4 9 

166 
9 8 . 2 

91 
9 4 . 6 

14 

6 8 . 6 

132 
9 9 . 2 

80 
9 8 . 3 

199 
9 6 . 0 

5 0 - 5 4 

166 
9 8 . 6 

92 
9 6 . 6 

15 
7 2 . 5 

135 
9 8 . 5 

81 
97 . 1 

210 
100 .5 

5 5 - 5 9 

165 

9 8 . 4 

88 
9 3 . 5 

14 
7 0 . 4 

138 
9 8 . 2 

83 
9 8 . 5 

208 
100 .7 

4 0 - 4 4 

167 
9 8 . 3 

94 
9 5 . 8 

16 
7 5 . 5 

130 

9 9 . 2 

81 
100 .0 

193 
9 3 . 5 

C O R F U 
4 5 - 4 9 

166 
9 8 . 2 

93 
9 6 . 7 

15 
73 . 5 

130 
9 7 . 7 

80 
98 . 3 

203 

9 7 . 9 

5 0 - 5 4 

166 
9 8 . 6 

92 
96 .6 

14 
6 7 . 6 

134 
9 7 . 8 

81 
97 . 1 

202 
9 6 . 7 

5 5 - 5 9 

164 

9 7 . 8 

90 

9 5 . 6 

14 
7 0 . 4 

135 
9 6 . 0 

81 
96 . 1 

194 

9 3 . 9 
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blood pressure, and serum cholesterol; 
this table also shows these values ex­
pressed as percentages of the average 
medians for the men in all 18 samples 
in this cooperative study. The cumula­
tive frequency distributions of these 
variables are shown in Figures C6.1, 
C6.2. As elsewhere, height is normally 
distributed and the skinfold thickness 
departs most notably from a normal dis­
tribution. Details of the distributions are 
given in the Appendix. 

On the average, the men of Crete 
and Corfu are almost identical in height 
and are similar in relative body weight 
and body fatness (sum of skinfolds), 
though the men of Crete tend to be a 
trifle thinner and less heavy than the 
Corfu men. Compared with the average 
of all 18 samples, these Greeks are 
somewhat short, relatively underweight, 
and decidedly thin. If allowance is made 
for the true skin included in the skin­
fold measurement, the average thickness 
of the subcutaneous fat over the triceps 
muscle and over the tip of the scapula 
is barely 5 mm.; the corresponding value 
for the average of the men in all sam­
ples is over 7 mm., i.e. almost half again 
as much subcutaneous fat. 

The men of Crete and Corfu do not 
differ importantly in arterial blood pres­
sure and both in systole and diastole 
their blood pressure tends to be very 
slightly less than the average for all the 
men in this cooperative study. In regard 
to serum cholesterol concentration, there 
is a significant tendency for values to 
be lower in Corfu than in Crete but the 
difference is trifling, only 6 mg. per 100 
ml. in the middle of the distribution. 
The median cholesterol values of these 
Greeks are about 3 per cent less than 
the average of all 18 samples of men. 

Age trends of these variables are not 
large over the ages 40—59 in these men. 
For skinfold thickness and serum cho­
lesterol age trends are small and incon­
sistent so all ages 40—59 were grouped 
for the cumulative frequency distribu­

tions shown in Figures C6.1, C6.2. In 
Crete the cholesterol median is 10.5 mg. 
per 100 ml. higher at ages 50—59 
than at ages 40—49 but the difference 
is statistically not significant (chi-square 
= 2.64). As expected, systolic blood 
pressure tends to rise with age but the 
average yearly increment is only 0.5 
mm. Hg in Crete and 0.3 in Corfu. Dia­
stolic blood pressure shows even less 
age trend, more in Corfu and only an 
average rise of 0.2 mm. per year in 
Crete. 

Activity and Socio-Economic Status 

In Crete and Corfu alike the frequen­
cy of relatively high values for the meas­
ured variables tended to be related to 
the habitual physical activity and to the 
socio-economic status of the men. For 
both areas combined, 17.1 per cent of 
all men were sedentary or engaged only 
in light activity (Class 1 ) while 48.8 per 
cent did heavy physical work ( Class 3 ). 
If physical activity were unrelated to 
the measured variables the expectation 
would be that similar percentages of all 
men with high relative weight, 2 skin­
folds, blood pressure and serum choles­
terol would be found in these activity 
classes. 

If "high" values of the variables are 
taken to be the top 30 per cent of the 
distributions, the percentage of all men 
with such high values who were found 
in Activity Class 1 proved to be, not 
17.1, but 26.6 for relative body weight, 
29.3 for S skinfolds, 21.8 for systolic 
blood pressure, 23.1 for diastolic blood 
pressure and 22.9 for serum cholesterol. 
Similarly, in Activity Class 3, instead of 
the expected value of 48.8 per cent, the 
finding was 34.1 for relative weight, 
29.3 for 2 skinfolds, 39.$ for systolic 
B. P., 39.8 for diastolic B. P., and 39.0 
for cholesterol. In effect, the excess of 
relatively overweight men was 55.6 per 
cent among men in Activity Class 1 and 
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in this activity class excesses for relative 
obesity were 71.3 per cent, for systolic 
blood pressure 27.5 per cent, for dias­
tolic blood pressure 35.0 per cent, and 
for serum cholesterol 28.7 per cent. 

The corresponding analysis for socio­
economic status is hampered by the fact 
that very few men in these populations 
can be safely classed as being in a high­
er socio-economic class than the rest 
of the men. Only 61 men in Corfu and 
Crete were in Occupations 1—13, so 
this upper socio-economic class repre­
sents only 4.9 per cent of the samples. 
But in this class are found 11.6 per cent 
of all "overweight" men (deciles 8—10 
in relative body weight), 12.4 per cent 
of "obese" men (deciles 8—10 in 2 
skinfolds), 7.3 and 8.3 per cent, respec­
tively, of all men with higher systolic 
and diastolic blood pressures (deciles 
8—10) and 6.5 per cent of all men with 
higher cholesterol values (deciles 8— 
10). 

Physical activity and socio-economic 
status are so closely correlated ( inverse­
ly) in this material that they cannot be 
sharply separated in further analysis. 
Tables C6.4, C6.5, and C6.6 summarize 
attempts in this direction. Within the 
higher socio-economic class (Occupa­
tions 1—13), only Activity Classes 1 
and 2 can be compared because Class 3 
is not represented. Table C6.4 shows 
that within this higher socio-economic 
class the only significant difference be­
tween Activity Classes 1 and 2 is in 
relative weight on the island of Crete. 
Failure to find other differences may 
reflect the small number of men in­
volved as well as the relatively small 
difference in physical activity concern­
ed. 

Occupation Classes 14—94 include 
large numbers of men in both Activity 
Classes 2 and 3 and a substantial num­
ber (N = 169) in Class 1. But it is a 
gross over-simplification to consider all 
men in Occupations 14—94 to be uni­
form in socio-economic status. So the 

differences, within Occupations 14—94, 
between men in the three Activity Clas­
ses indicated in Tables C6.4 and C6.5 
cannot all be ascribed to physical acti­
vity. 

The comparisons between men in dif­
ferent Occupation Classes shown in 
Table C6.6 on the other hand give min­
imal estimates of differences related to 
socio-economic status. The net result of 
consideration of all these data is to con­
clude that both physical activity and 
socio-economic status are important in­
fluences but their relative effects cannot 
be accurately estimated. 

Smoking Habits 

For centuries Greece has been a large 
producer of tobacco, almost all being of 
the "Turkish" type, and the majority of 
men everywhere are regular cigarette 
smokers. In Crete the water pipe or 
hookah is occasionally seen but this old 
Turkish custom of smoking has almost 
entirely disappeared. The distribution 
of smoking habits, by age, is given in 
Table C6.7. 

Almost a fourth of these Greeks nev­
er smoked cigarettes and at the time 
of the examinations 42.8 per cent of the 
Cretans and 36.5 per cent of the men 
of Corfu were non-smokers. The smok­
ers in Crete tended to smoke more heav­
ily than the smokers of Corfu and this 
difference is statistically highly signifi­
cant. The difference between the per­
centages of heavy smokers (20 or more 
cigarettes daily) in Crete and Corfu has 
a chi-square value of 9.55 and p = less 
than 0.01. 

The relationships between smoking 
habits and other characteristics of the 
men of Crete and Corfu, examined in 
detail in Section F, below, are summa­
rized in Table C6.8. Here it may be 
noted that, as elsewhere, the non-smok­
ers in these samples tend to be relatively 
heavier and fatter than the smokers. 
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TABLE C6. 4 

Activi ty 1 vfa. Activity 2. Exce s s f requency of high va lues (deci les 8-10) of the v a r i ab l e s 
obse rved among men of Activity 1, e xp re s sed a s % of expectat ion f rom total n umbe r s of 
men in Act iv i t ies 1 plus 2. Also, c h i - squa r e values for the d i f ferences between obse rved 
and expected d i s t r ibu t ions . 

OCCUPATION 

Corfu 
1-94 
1-13 
14-94 
C re te 
1-94 
1-13 
14-94 

TABLE C6. 5 

Activi ty 2 v s . Activity 3. Occupations 14-94 only. Exce s s f requency, a s in Table C6. 4, 
of high values among men of Activity 2. 

SAMPLE 

Corfu 
C re t e 

TABLE C6. 6 

Occupation 1-13 v s . 14-94. Exce s s f requency, a s in Table C6. 4, of high va lues among 
men in Occupations 1-13, e xp r e s s ed as % of expectat ion f rom to ta l n umbe r s of men in 
Occupations 1-13 + 14-94. 

REL . WT. 
Excess Chi 2 

22.1 7.17 
- 8 . 0 0 .85 
21 .1 4 .67 

75, 7 15. 40 
23 .2 4 .56 
45 .2 1.46 

2 SKINFOLDS 
Exce s s 

28. 6 
- 1 . 9 
27. 7 

74 .7 
15. 6 
7 1 . 4 

Chi 2 

13. 03 
0 

8. 88 

18. 53 
2. 11 
9 .21 

SYST. 
Exce s s 

12. 1 
0. 7 
9 . 0 

19. 4 
23. 1 
25. 0 

B. P . 
Chi 2 

1. 90 
0 

0. 73 

0. 61 
0 .51 
0 .33 

DIAST 
Exce s s 

16. 5 
- 0 . 9 
15.9 

54. 4 
2. 0 

83. 3 

. B. P . 
Chi 2 

3. 48 
0 

2.45 

6.60 
0 
5. 68 

CHOLESTEROL 
Exce s s Chi 

9 . 7 
17.6 

7 . 2 

49. 3 
28 .2 
6 1 . 3 

1. 15 
1. 25 
0. 45 

5 .21 
1.42 
3 . 01 

REL . WT. 
Exces s Chi 

21 .6 6 .24 
30 .3 8.96 

2 SKINFOLDS 
Exc e s s Chi 

29 .7 11.16 
47 .1 21 .40 

SYST. 
Exce s s 

11 .3 
27 .5 

B. P . 
Chi 2 

2. 05 
8.06 

DIAST. B. P . 
Exce s s Chi 

8.1 0 .91 
18 .4 3 .27 

CHOLESTERC 
Exce s s Chi 

13 .3 2 .97 
21 .3 4 .55 

ACTIVITY 

Corfu 
1+2 
1 
2 
Cre t e 
1+2 
1 
2 

Probab i l i t i e s , 

REI , . 
Exc ess 

100. 0 
50 .0 

263 .6 

76 .5 
24. 1 
40 .0 

W T . 
; Chi 2 

13. 85 
3 .94 
7 .35 

14. 17 
4 .36 
0 .75 

p, a s soc i a t ed 

2 SKINFOLDS 
Exce s s 

91 .9 
46 .8 

172.7 

66 .7 
11 . 1 
56 .2 

with chi-

Chi'-

12. 61 
4. 12 
2 .50 

14. 20 
1.02 
2 .71 

•square 

SYST. 
Exce s s 

63 .0 
46. 1 
66 .7 

- 8 . 4 
- 4 . 8 

- 31 . 0 

va lues : 2 

B. P . 
Chi 2 

4. 88 
2 .68 
0. 11 

0. 05 
0 

0.49 

. 7 1 , p 

DIAST 
Exce s s 

46. 1 
23 .6 
81 . 8 

36 .4 
- 9 . 9 
45 . 5 

= 0. 10; 

. B . P . 
Chi 2 

2.29 
0. 53 
0 .20 

2. 62 
0. 16 
1.20 

3. 84, 

CHOLESTEROL 
Exce s s Chi 

13.6 
22 .0 

0 

10.2 
- 5 . 7 

- 21 . 6 

p = 0. 05; 

0. 09 
0. 37 
0 .59 

0. 09 
0 
0. 11 

5 . 41 , 



218 

TABLE C6. 7 

Cigarette smoking habits of men of Crete and Corfu. Percentage of men who 
never smoked, who had stopped, who smoked 1-9, 10-19, 20 or more cigarettes 
daily at the time of their examination. 

SAMPLE AGE 

Crete 

NEVER QUIT 1-9 

40-44 
45-49 
50-54 
55-59 

20.0 
26.7 
24.4 
23.0 

18.1 
17.3 
19.3 
21.6 

8. 1 
9 . 9 

11.9 
10.8 

10-19 

21.3 
15.3 
15.3 
17.6 

20 OR MORE 

32. 
30. 
29. 
27. 

5 
8 
1 
0 

40-59 23.8 19.0 10.2 17.2 29. 8 

Corfu 40-44 
45-49 
50-54 
55-59 

26.7 
27.1 
21.3 
24.6 

7 .5 
13.2 
12.4 
14.3 

12.5 
20.2 
11.2 
11. 1 

32.5 
19.3 
33.2 
26.2 

20.8 
20.2 
21.9 
23.8 

40-59 24.6 11.9 13.4 28.4 21.7 

TABLE C6. 8 

Smoking. Number of men in Greece below (LOW) and above (HIGH) the age-
specific medians, for age and area, of measured variables, classed according 
to smoking habits. HEAVY = 20 or more, OTHER = 1-19-cigarettes daily. 

VARIABLE 

Relative Weight 
i t 

2 Skinfolds 
" 

Systolic B. P . 
u 

Diastolic B. P. 
H 

Serum Cholesterol 
H 

SAMPLE 

Crete 
Corfu 

Crete 
Corfu 

Crete 
Corfu 

Crete 
Corfu 

Crete 
Corfu 

NON-SMOKERS 
LOW 

113 
66 

105 
59 

131 
80 

129 
70 

136 
89 

HIGH 

167 
126 

188 
134 

157 
113 

159 
113 

147 
99 

HEAVY 
LOW 

118 
75 

129 
72 

115 
63 

118 
68 

95 
61 

HIGH 

83 
40 

75 
43 

88 
52 

85 
47 

96 
54 

OTHER 
LOW 

106 
123 

109 
133 

92 
121 

91 
126 

96 
110 

HIGH 

77 
98 

79 
88 

95 
100 

96 
95 

82 
108 
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The "moderate" cigarette smokers (10 
to 19 cigarettes daily) are least often 
overweight or obese. 

Focussing on the men above the me­
dian values for their age and residence, 
among the non-smokers in Crete 63 per 
cent were above the median relative 
body weight and 64 per cent were 
above the median value of the sum of 
the skinfolds. The corresponding figures 
for Corfu for non-smokers are 66 per 
cent above the relative weight median, 
69 per cent above the median sum of 
skinfolds. 

The Greek non-smokers showed simi­
lar but less remarkable trends to have 
higher blood pressure than the smokers. 
For diastolic blood pressure, for exam­
ple, 55 per cent of the non-smokers in 
Crete and 64 per cent of them in Corfu 
were above the median for their age and 
residence. In both areas the non-smok­
ers also tended to have somewhat 
higher values for serum cholesterol than 
the smokers but the trend is not statisti­
cally significant in either area when the 
distribution about the median is ana­
lyzed. 

Electrocardiographic Findings 

Tables C6.9, C6.10, C6.11, and C6.12 
summarize the electrocardiographic 
(ECG) findings, classified according to 
the Minnesota Code, in Crete and Cor­
fu. In both samples, but particularly in 
Crete, the ECG findings are notable for 
the relatively small number of abnor­
malities. 

In Crete only one man showed a defi­
nite pattern of previous infarction 
(Code I, 1); in Corfu three men were in 
this category. If both samples are com­
bined, the rate of prevalence of this 
finding is only 3.3 per thousand men. A 
striking feature of the ECG records in 
Crete is the high frequency of sinus 
bradycardia, more than 10 per cent of 
the men showing this peculiarity. The 

prevalence of very slow heart rates in 
Crete accounts for the relatively high 
frequency of long P-R intervals; the 
latter are not rate-corrected in this 
material. 

In Crete the post-exercise records in­
creased the number of ischemic S-T 
depressions. Thirteen men showed de­
pressions (Code IV, 1, 2 or 3) in rest; 
among men who showed no such abnor­
malities in rest, twelve showed them in 
the post-exercise record. The exercise 
test provoked no significant negative T 
waves (Code XII, 1, 2). 

Significant ECG abnormalities were 
more numerous in Corfu than in Crete 
— three vs. one Q wave (Code I, 1 ); 22 
S-T depressions (Code IV, 1—3) vs. 
13; eleven negative T waves (Code V, 
1, 2) vs. four; two atrial fibrillations vs. 
none. On the other hand, left axis devi­
ation (Code II, 1) was more common 
in Crete than in Corfu. In Corfu, the 
exercise test added 14 cases of ischemic 
S-T depression and one case of nega­
tive T wave. 

Prevalence of Hypertension and 
Overweight 

Over the age range 40—59 the pre­
valence of hypertension shows no con­
sistent age trend in Corfu and in Crete 
the prevalence actually tends to fall 
from age 40—44 to 55—59. The data 
for diastolic hypertension are summa­
rized in Table C6.13. 

In general, there is no significant dif­
ference between the two areas in the 
prevalence of hypertension. Compared 
with the men in all 18 samples in these 
cooperative studies, the prevalence of 
hypertension in Crete and Corfu is sim­
ilar at ages 40—49 but at ages 50—59 
these Greeks are less prone to hyperten­
sion and this difference is statistically 
highly significant. At these older ages 
only about half as many of these Greeks 
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TABLE C 6 . 9 

C R E T E , G R E E C E 

ECO FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Numbe r of Men) 

ECG 4-0-44 45 -49 50 -54 
Code (158) (202) (176) 

I IX 

55-59 
(147) 

6 4 ( 4 0 5 . 1 ) 9 4 ( 4 6 5 . 3 ) 8 1 ( 4 6 0 . 2 ) 8 4 ( 5 7 1 . 4 ) 

Q Waves 1 0 0 1 ( 5. 7) 
2 1 ( 6. 3) 0 1 ( 5. 7) 
3 1 ( 6. 3) 2 ( 9 .9) 2 ( 11 .4) 

0 
0 
1 ( 6 .8 ) 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T D e p r e s s i o n ( r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s e gmen t 
S -T - J 0 . 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 
No S - T - J p lus s e g m e n t downward 
S-T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 

I I I 

IV 

2 ( 12. 7) 
0 

9 ( 44 . 6) 13 ( 73 .9 ) 
0 0 

11 ( 69. 6) 6 ( 29. 7) 7 ( 39. 8) 
0 0 0 

( 54. 4) 

11 ( 74. ! 
0 

1 

2 
3 

0 

3 ( 
1 ( 

19 .0 ) 
6 .3 ) 

0 

2 ( 
0 

9 .9 ) 

2 ( 

2 ( 
0 

11 .4 ) 

11 . 4) 

0 

3 ( 
0 

20. 4) 

M 5.7) 

T-Wave Negat iv i ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 _+ l .mrru 

A-V Conduct ion Defect 
Comp l e t e Block 
P a r t i a l Block 
P - R ove r 0 . 21 s econd 
A c c e l e r a t e d Conduct ion 

V e n t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I n comp le t e Right Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
V e n t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t i on , f lu t te r 
S u p r a - v e n t , t a c h y c a r d i a 
V e n t r i c u l a r r hy t hm 
A-V nodal r hy t hm 
Sinus t a c h y c a r d i a 
Sinus b r a d y c a r d i a 

VI I 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 

1 ( 
4 ( 

0 
0 
6 ( 
1 ( 

0 

1 ( 
3 ( 
0 

1 ( 
0 
0 
0 
0 
0 

3 ( 
14 ( 

6 .3) 
25 . 3) 

38 . 0) 
6 .3) 

6 .3 ) 
19 .0) 

6 .3) 

19 .0) 
88. 6) 

0 
1 
5 

0 
0 
3 
0 

0 
1 
3 
0 

3 
0 
0 
0 
0 
1 
2 

27 

( 5 .0) 
( 2 4 . 8 ) 

( 14 .9 ) 

( 5 .0) 
( 14 .9) 

( 14 .9 ) 

( 5 .0) 
( 9 .9 ) 
(133 .7) 

0 

1 ( 
3 ( 

0 
0 
5 ( 
0 

0 
0 
2 ( 
0 

3 ( 
0 
0 
0 
0 

1 ( 
3 ( 

5 .7 ) 
17. 0) 

2 8 . 4 ) 

11 .4 ) 

17. 0) 

5 .7) 
17 .0 ) 

19 (108. 0) 

0 

1 ( 
1 ( 

0 
0 
9 ( 
0 

0 

3 ( 
3 ( 
0 

1 ( 
0 
0 

1 ( 
0 

1 ( 
1 ( 

6. 8) 
6. 8) 

6 1 . 2 ) 

20 .4 ) 
20. 4) 

6. 8) 

6. 8) 

6. 8) 
6. 8) 

19 (129 .3) 

Techn ica l ly poor r e c o r d s IX 1 ( 5 .7 ) 
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ECG 
Code 
X 1 
X 2 

40-44 
(156) 

2 ( 12.7) 

45-49 
(200) 

2 ( 9.9) 

50-54 
(174) 

2 ( 11.4) 

55-59 
(146) 

1 ( 6. 8) 

TABLE C6. 10 

CRETE. GREECE 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 
ECG FINDING 
Exercise tests not made or 

incomplete 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more , horiz. 

or downward segment 1 0 2 ( 10. 0) 1 ( 5 . 7) 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more , upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 + 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

XII 

XV 

XI 

2 
3 

4 

1 
2 
3 

1 

8 

1 ( 
0 

7 ( 

0 
0 
2 ( 

1 ( 

M 

6.4) 

44.9) 

12. 8) 

6.4) 

38.5) 

3 ( 
0 

12 ( 

0 
0 
2 ( 

2 ( 

7 ( 

15.0) 

60.0) 

10.0) 

10.0) 

35.0) 

3 ( 
1 ( 

4 ( 

0 
0 
2 ( 

3 ( 

11 ( 

17.2) 
5.7) 

23.0) 

11.5) 

17.2) 

63.2) 

1 ( 6. 8) 
0 

5 ( 34.2) 

0 
0 
2 ( 13.7) 

2 ( 13.7) 

6 ( 41.1) 

Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post -exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1, 2, 4 
only 

XV 1 
only 

0 

0 

0 

1 ( 

0 

2 ( 
0 

1 ( 
0 

M 

i ( 

0 

i ( 

6.3) 

12.7) 

6.3) 

38.5) 

6.4) 

6.4) 

0 

0 

0 

2 ( 

1 ( 

0 
0 

1 ( 
1 ( 

8 ( 

1 ( 

0 

0 

9 .9 ) 

5.0) 

5.0) 
5.0) 

40.0) 

5.0) 

1 ( 

0 

0 

1 ( 

3 ( 

0 
0 
0 

1 ( 

6 ( 

1 ( 

0 

1 ( 

5.7) 

5.7) 

17.0) 

5.7) 

34.5) 

5.7) 

5.7) 

0 

0 

0 

1 ( 

0 

0 
0 
3 ( 
2 ( 

3 ( 

1 ( 

0 

2 ( 

6.8) 

20.4) 
13.6) 

20.5) 

6.8) 

13.7) 
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CORFU, GREECE 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Total with reportable 

ECG Items 

Q Waves 

IX 

1 
2 
3 

40-44 
(120) 

0 
0 
2 ( 16.7) 

45-49 
(114) 

50-54 
(169) 

0 
0 
3 ( 26.3) 

M 5.9) 
2 ( 11. 8) 
4 ( 23.7) 

55-59 
(126) 

24(200.0) 30(263.2) 44(260.4) 36(285.7) 

2 ( 15.9) 
2 ( 15.9) 
1 ( 7.9) 

Axis Deviation 
Left 
Right 

1 ( 8. 3) 
0 

23.7) 5 ( 39. 7) 
0 

High Amplitude R Waves 
Left type 
Right type 

III 
5 ( 41.7) 
0 

10 ( 87.7) 11 ( 65.0) 
0 0 

14 (111. 1) 
0 

S-T Depression (rest) IV 
S-T - J 1 mm. or more , horiz. 

or downward segment 1 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 2 
No S-T-J plus segment downward 3 
S-T - J 1 mm. or more , upward 

segment 4 

4 ( 33.3) 
1 ( 8. 3) 

1 ( 8. 8) 

3 ( 26.3) 
0 

3 ( 17. 8) 

4 ( 23.7) 
0 

3 ( 23. 8) 

1 ( 7.9) 
2 ( 15.9) 

T-Wave Negativity (rest) 
- 5 mm. or more 
- 1 mm. to -5 mm. 
0 + l .mm. 

A-V Conduction Defect 
Complete Block 
Part ial Block 
P-R over 0.21 second 
Accelerated Conduction 

Ventricular Blocks 
Left Bundle 
Right Bundle 
Incomplete Right Bundle 
Intraventricular Block 

Arrhythmias 
Premature Beats 
Ventricular tachycardia 
Atrial fibrillation, flutter 
Supra-vent. tachycardia 
Ventricular rhythm 
A-V nodal rhythm 
Sinus tachycardia 
Sinus bradycardia 

VI 

VII 

VIII 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 
1 ( 
3 ( 

0 

1 ( 
0 
0 

1 ( 
1 ( 
2 ( 
0 

3 ( 
0 
0 
0 
0 
0 
4 ( 
1 ( 

8.3) 
25.0) 

8.3) 

8.3) 
8.3) 

16.7) 

25.0) 

33.3) 
8.3) 

0 
1 ( 
1 ( 

0 
0 
1 ( 
1 ( 

0 
1 ( 
2 ( 
0 

2 ( 
0 
0 
0 
0 
0 
3 ( 
1 ( 

8. 8) 
8. 8) 

8. 8) 
8. 8) 

8. 8) 
17.5) 

17.5) 

26.3) 
8. 8) 

0 
4 ( 
5 ( 

0 

1 ( 
1 ( 
0 

1 ( 
3 ( 
5 ( 
1 ( 

3 ( 
0 
2 ( 
0 
0 
0 
2 ( 
2 ( 

23.7) 
29.6) 

5.9) 
5.9) 

5.9) 
17.8) 
29.6) 
5.9) 

17. 8) 

11.8) 

11. 8) 
11. 8) 

2 ( 
3 ( 
3 ( 

0 
0 
0 
0 

0 
3 ( 
0 
0 

1 ( 
0 
0 

1 ( 
0 
0 

1 ( 
1 ( 

15.9) 
23. 8) 
23. 8) 

23.8) 

7.9) 

7.9) 

7.9) 
7.9) 

Technically poor records IX 8 1 ( 8. 3) 1 ( 8. 8) 1 ( 5.9) 
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CORFU, GREECE 
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ECG 
Code 
X 1 
X 2 

40-44 
(U5) 

1 ( 8. 3) 

45-49 
(112) 

2 ( 17.5) 

50-54 
(164) 

5 ( 29. 6) 

55-59 
(118) 

8 ( 63.5) 

XI 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Exercise tests not made or 

incomplete 
S-T Depression post-exercise 

(none at rest) 
S-T - J 1 mm. or more , horiz . 

or downward segment 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more , upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 i_ 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

2 ( 17.9) 
0 

2 ( 12.2) 

4 ( 24. 4) 
0 

2 ( 16. 8) 4 ( 35.7) 

XII 

XV 

XI 8 

0 
0 
0 

2 ( 16. 8) 

3 ( 25.2) 

0 
0 
0 

1 ( 9.0) 

3 ( 26. 8) 

1 ( 6.1) 
0 

11 ( 67.1) 

1 ( 8. 5) 

5 ( 42.4) 
0 

5 ( 30. 5) 5 ( 42.4) 

0 
0 
0 

1 ( 8.5) 

7 ( 59.3) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 
Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Pos t -exerc ise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2,4 
only 

XV 1 
only 

0 

0 

0 

0 

2 ( 

1 ( 
0 
2 ( 
0 

2 ( 

0 

0 

2 ( 

16. 

8. 

16. 

16. 

16. 

7) 

3) 

7) 

8) 

8) 

0 

0 

0 

0 

2 ( 

2< 
0 

1 ( 
0 

2 ( 

0 

0 

1 ( 

17. 

17. 

8. 

17. 

8. 

5) 

5) 

8) 

9) 

9) 

1 ( 

0 

0 

2 ( 

1 ( 

0 
0 
5 ( 
2 ( 

5 ( 

0 

0 

0 

5. 

11 . 

5. 

29 . 
11 . 

30. 

9) 

8) 

9) 

6) 
8) 

5) 

2 ( 

0 

1 ( 

1 ( 

1 ( 

2 ( 
0 
3 ( 
1 ( 

4 ( 

0 

0 

0 

15.9) 

7.9) 

7.9) 

7.9) 

15.9) 

23. 8) 
7.9) 

33.9) 
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TABLE C6. 13 

P r eva l ence of d ias to l ic hyper tens ion (95 or m o r e , 100 o r m o r e m m Hg, fifth phase) 
among men c l a s s ed by age . P e r c en t age of men in C re t e and Corfu who a r e hype r ­
tens ive , c ompared with the a ve r age for a l l 18 s amples of men . 

SAMPLE 40-44 45-49 50-54 55-59 
95 m m 100 m m 95 m m 100 m m 95 m m 100 m m 95 m m 100 m m 

C r e t e 13.9 5 .7 13 .4 5 .0 11.0 6 .4 9 .6 5 .5 
Corfu 8 .3 5 .8 14.9 8 .8 13.0 7 .7 11 .1 6 .3 

Mean, 18 s amples 13.6 7 .9 15 .6 8.9 20 .9 13 .5 21 .5 13 .8 

TABLE C6. 14 

P r ev a l enc e of overweight (110 o r m o r e and 120 o r m o r e p e r cent of " s t anda rd " 
a ve r age for height and age) . P e r c en t age of men in C r e t e and Corfu, c l a s s ed by 
age , who a r e overweight , c ompa red with the a v e r age for a l l 18 s amp le s of men . 

SAMPLE 40-44 
110% 120% 

13.1 2 . 5 
13.3 7 .5 

45-
110% 

10.9 
20. 7 

-49 
120% 

3 . 0 
4 . 4 

so­
i l 0% 

10 .8 
10.7 

- 54 
120% 

4 . 5 
6 . 0 

55-59 
110% 120% 

4 .1 1.4 
11.9 6 .3 

C r e t e 
Corfu 

Mean, 18 s amp le s 20 .9 8 .4 19 .4 6 .9 18 .1 6 .7 16 .8 7 .3 
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are hypertensive as would be expected 
from the data on all 18 samples. 

The percentages of men who are 
overweight are given in Table C6.14. 
The men of Crete are less often grossly 
overweight (20 per cent or more above 
the "standard" average for height and 
age) than the men of Corfu but in both 
areas the prevalence of overweight 
tends to be less than among all men in 
the 18 samples in these cooperative stu­
dies. 

Prevalence of Obesity and Hyper­
cholesterolemia 

Using the classification criteria devel­
oped in Section H, below, 13 per cent 
of the men of Crete have some degree 
of obesity but only 2 per cent were 
classed as Grade 1 (extremely obese). 
The corresponding figures for Corfu 
are 16 and 4 per cent. 

The prevalence of any degree of hy­
percholesterolemia, using the criteria in 
Section H, is 27 per cent in Crete, 24 
per cent in Corfu. Grade 1 hypercholes­
terolemia characterized 7 per cent of the 
men in Crete, 6 per cent of the men of 
Corfu. Though these frequencies are 
substantial, they are considerably lower 
than the average of all men in the 18 
samples in the present studies. 

Hypertension versus Other Variables 

If hypertension is judged to be pre­
sent when the diastolic blood pressure 
is 95 mm. or more, 12 per cent of the 
men aged 40—59 were hypertensive in 
both Crete and Corfu. The distribu­
tions of these hypertensive men into 
decile classes of relative body weight, 
2 skinfolds and serum cholesterol are 
shown in Figures C6.3 and C6.4 In 
both areas, and for all three variables, 
the prevalence of hypertension rises 
with increasing levels of these other 
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variables, most strikingly in the upper 
part of the distributions of relative body 
weight and 2 skinfolds; for these two 
variables there is a marked trend to 
curvilinearity. 

More detailed inspection of Figures 
C6.3 and C6.4, and the data on which 
they are based, shows that there is no 
significant tendency for the prevalence 
of hypertension to rise with either rela­
tive weight or S skinfolds over the first 
six or seven decile classes; all of the 
significant relationship is contributed by 
the top three or four decile classes. 

The picture of hypertension distri­
bution as related to serum cholesterol 
in this Greek material at first glance 
seems to be less dramatic than in the 
relative weight and 5 skinfold data but 
it is still highly significant. Hyperten­
sion is more than twice as prevalent 
(2.2 times) among the men in the top 
30 than in the bottom 30 per cent of 
the cholesterol distribution in Crete. 
In Corfu the discrepancy is even more 
remarkable; in the top 3 decile classes 
of cholesterol, 29 out of 158 men were 
hypertensive; in the bottom 3 deciles on­
ly 11 out of 158 men were so classed; 
the relative frequency of hypertension 
in Corfu is 2.6 times higher in the upper 
than it is in the lower 30 per cent of the 
cholesterol distribution. 

Overweight versus Other Variables 

Among men aged 40—59 the preva­
lence of overweight was 3 per cent in 
Crete and 6 per cent in Corfu, if a re­
lative body weight of 120 per cent of 
the U.S. averages in the Medico-Act­
uarial Investigations is taken as the 
criterion. The difference between the 
areas, though small, is significant (chi-
square = 6.40, p = less than 0.02 ). 

The distributions of these overweight 
men into decile classes of serum choles­
terol, diastolic and systolic blood pres­
sures are shown in Figures C6.5 and 
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C6.6. In both areas the prevalence of 
overweight is markedly related to each 
of these other variables and in several 
cases, at least, the relationship appears 
to be curvilinear, with most of the trend 
being dependent on the top decile clas­
ses. 

Among 65 overweight men in Crete, 
31 were in the top and 10 in the bot­
tom 30 per cent of the cholesterol distri­
bution; the corresponding numbers 
among 70 overweight men in Corfu are 
36 and 7 men. For diastolic blood pres­
sure the discrepancies are similar; in 
Crete, 40 men were in the top and 
eight in the bottom 30 per cent of the 
diastolic blood pressure distribution; in 
Corfu the corresponding figures are 36 
in the top, 12 in the bottom. 

Summary 

In two rural areas of Greece, on the 
Islands of Crete and Corfu, 96.6 per 
cent of all men aged 40—59 ( N = 
1215) were examined. Over 60 per 
cent of the men of Crete were engaged 
in heavy physical work and only 6.9 per 
cent were sedentary or engaged in only 
light activity. The corresponding per­
centages for Corfu were 31.2 per cent 
heavy activity, 31.6 sedentary or only 
light work. 

In both areas the men tended to be 
decidedly thinner and somewhat lower 
in relative body weight than the aver­
age men in the other samples in these 
studies. In both areas the men in the 
higher socio-economic classes or who 
were characterized by low physical ac­
tivity tended to be over-represented in 
the upper ends of the distributions of 
relative body weight, 2 skinfolds, blood 
pressure and serum cholesterol. 

In both areas most of the men smok­
ed cigarettes. The non-smokers were 

much more often relatively overweight 
and fat than the smokers and also tend­
ed to have higher blood pressures and 
serum cholesterol values. 

Significant electrocardiographic ab­
normalities were uncommon in both 
areas and were especially rare in Crete. 
Post-exercise records increased the 
number of abnormalities but the total 
prevalence of indications of myocardial 
ischemia was still low. 

Hypertension was less common in 
these Greek samples than the average 
for all samples in these studies and the 
prevalence was similar in Crete and 
Corfu. In both areas hypertension pre­
valence rose sharply with increasing 
relative body weight and 2 skinfolds in 
the upper part of the distributions of 
these variables. The prevalence of hy­
pertension was also directly related to 
serum cholesterol level. 

Overweight was uncommon in these 
samples; in Crete large degrees of over­
weight were especially rare. The pre­
valence of overweight tended to be 
directly related to blood pressure and 
to serum cholesterol concentration. 
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C7. A FARMING AND A FISHING VILLAGE IN JAPAN — 
TANUSHIMARU AND USHIBUKA 

by Noboru Kimttra {Kurume) 

Introduction 

Because of much evidence that coro­
nary heart disease is relatively uncom­
mon in Japan, though not among Amer­
icanized Japanese in the United States, 
it was considered important to conduct 
systematic studies in that country. It 
was planned to include several villages 
in Kyushu, the southern island of Japan 
in the general program of cooperative 
work begun in 1957 at Nicotera in Italy 
but limitation of funds prevented the 
use of international teams and other 
arrangements used elsewhere to guar­
antee complete comparability. However, 
local efforts enabled similar surveys 
to be carried out in the spring of 1958 
in a typical farming village, Tanu-
shimaru, and in the summer of 1960 in 
a fishing village, Ushibuka. These vil­
lages afford contrasts both in the type 
of occupation and in the diet. 

Tanushimaru 

This farming village in the northern 
part of Kyushu is entirely devoted to 
highly productive small-scale farming 
of rice, wheat, fruits, vegetables and 
arboriculture, the produce being sold in 
the nearby markets of the city of Fu-

kuoka and the town of Kurume. 
Though the general population is rather 
poor and there is a high degree of 
socio-economic homogeneity, those 
farmers who most intensively cultivate 
every meter of land as tree nurseries are 
relatively wealthy. The climate is hu­
mid and warm-temperate, but snow falls 
occasionally in winter. The population 
tends to be stable in residence though, 
as elsewhere in rural areas, migration of 
young people to the cities is substantial. 

Ushibuka 

Ushibuka is a fishing village on a 
small island offshore from Ariake Bay 
of Kyushu. Most of the men are en­
gaged in the heavy work of fishing in 
small boats which go out daily, or for 
several days, at a time. In bad weather 
work is concentrated on building and 
repairing boats and nets. Some farming 
serves purely local needs and there is 
no other industry. The produce of the 
sea, together with rice and vegetables, 
dominates the diet; large amounts of 
fish are eaten daily. The population is 
rather isolated because of the island 
location and tends to exhibit the insular 
character of people in homogeneous 
settlements in remote places; Ushibuka 
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is seven hours by boat from the big city 
of Fukuoka. The climate is warm-tem­
perate, similar to that of Tanushimaru 
but less cold in winter and generally 
less humid. 

Sample Coverage 

Every Japanese adult must have an 
identification card and good local reg­
istries are maintained of births, deaths, 
residents and voters, so establishment 
of a reliable roster of all men aged 40— 
59 in a given locality is easy. Some cler­
ical errors in age and name are readily 
corrected by examination of identity 
cards. In the villages, excellent cooper­
ation in medical surveys was obtained 
in exploratory studies in 1956 (Keys er 
al., 1958 a) and this experience was 
repeated in the studies reported here. 

All men aged 40—59 in the pre­
scribed areas were invited for the exam­
inations. The extraordinary response of 
99.6 per cent at Ushibuka and 100 per 
cent at Tanushimaru was obtained. 
However, some errors in age were 
discovered at the time of the examina­
tions and a considerable number of out-
of-age volunteers also showed up. Only 
data on men 40—59 at the time of 
examination are reported here (509 at 
Tanushimaru, 500 at Ushibuka). 

The age distributions of the men in 
these Japanese villages reflect the los­
ses of younger men during World W a r 
II. In both Tanushimaru and Ushibuka, 
the age class 40—44 contained the few­
est men in any of the 5-year age clas­
ses studied (22.1 per cent in Tanushi­
maru, 22.9 in Ushibuka); the largest 
representation in both villages was in 
the age class 50—54 (26.4 per cent in 
Tanushimaru, 27.6 in Ushibuka). 

Distribution of Six Measured Variables 

Table C7.1 gives the median values 
of the Japanese men, classed by age, 

for relative body weight (as percentage 
of the "standard" averages for given 
height and age tabulated in the Appen­
dix), the sum of the skinfolds (over the 
triceps muscle and the tip of the scap­
ula), systolic and diastolic (5th phase) 
blood pressure, and serum cholesterol 
concentration. Figures C7.1 and C7.2 
show the cumulative frequency distri­
butions (probability scale) of these var­
iables. Full details of the distributions 
are given in the Appendix. 

The farmers at Tanushimaru tend to 
be nearly 2 cm. taller than the fishermen 
at Ushibuka and in both samples the 
men are shorter, by about 8 to 9 cm. on 
the average, than the average of all 
men in the 18 samples in the present 
study. Except at ages 55—59, where 
the men in the two villages are the 
same, the relative body weight of the 
fishermen of Ushibuka is slightly great­
er than that of the farmers in Tanushi­
maru. In both areas the men tend to 
be much lighter for their height and age 
than the average for all 18 samples. 

Body fatness was not measured at 
Ushibuka but the men at Tanushimaru 
tended to be very lean and this did not 
change with age. Compared with all 18 
samples, the sum of the skinfolds aver­
aged only a trifle over 70 per cent of 
the average of all 18 samples but this 
does not fully indicate the real differ­
ence in fatness. Since about 1.5 mm. of 
the skin plus subcutaneous fat layer is 
true skin, about 6 mm. of the sum of the 
skinfolds is not fat. And since 2 skin­
folds includes four layers of skin plus 
fat, the average thickness of subcutan­
eous fat at the sites of measurement 
was only a trifle over 2 mm. in these 
Japanese men, whereas the average for 
all 18 samples was nearly twice that 
figure. Compared with the fattest men 
in these studies, the U.S. railroad em­
ployees, the difference is impressive in­
deed — 2 vs. 6.5 mm. of subcutaneous 
fat; the average subcutaneous fat thick­
ness of these Japanese is less than a 
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Median Y^IULB 'or Japanese men, c lassed by age, and these values expressed as pe r ­
centage of U;.; a \ e rage of the medians for all 18 samples of men. 

SAMPLE; and 
VARIABLE 
TANUSHIMARU 
(no. of men) 
Height, cm, 
Relative Wt., 
2 Skinfolds, mm. 
Systolic VJ. P . , mm. Hg 
Diastolic " ;1 " 
Serum Cholesterol , mg.% 

MEDIAN VALUES MEDIAN as % of AVERAGE 
40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-59 

(112) (117) (137) (143) (112) (117) (137) (143) 
162 

89 
15 

120 
68 

167 

161 
86 
15 

128 
70 

165 

159 
84 
14 

132 
72 

178 

160 
84 
15 

138 
78 

168 

95.4 
90.7 
70. 8 
91.6 
84.0 
80.9 

95 .2 
89 .4 
73 .5 
96 .2 
86.0 
79 .6 

94.5 
88.2 
67 .6 
95 .7 
86.3 
85.2 

95 .4 
89.3 
75 .4 
98 .2 
92 .5 
81.3 

USHIBÜKA 
(no, of îïK-n) 
Height, cm. 
Relative Wt. , 
S Skinfolds, mm . 
Systolic B. P . , mm. Hg 
Diastolic !' " " 
Serum C^oler.tei'ol, mg 

(115) (128) (139) (118) 
160 160 158 159 
91 89 87 84 

142 143 

(115) (128) (139) (118) 
94.2 94.6 93.9 94 .8 
92 .8 92.5 91.4 89.3 

126 
75 

128 
76 

135 
80 

140 
80 

96.2 
92 .6 

96 .2 
93 .4 

98, 5 
95.9 

99 .6 
94 .9 

137 144 68 . 69.0 65.6 69 .7 

TABLE C7.2 

Cigarette: smoking habits of men, c lassed by age, in Tanushimaru and Ushibuka. P e r ­
centage of men who had never smoked, men who had quit smoking, and heavy smokers 
(20 or more c igaret tes daily). 

A G E 

40-44 
45-49 
50-54 
55-59 

40-59 

TANUSHIMARU 
lever 

15.6 
14.8 
13.8 
20. 1 

Quit 

12.8 
12.2 
13.8 
13.7 

Heavy 

40 .4 
49 .5 
44.7 
39.6 

USHIBUKA 
Never Quit Heavy 

16.2 13.2 43 .4 

15. 8 
10.9 
13. 1 
20.3 

14.9 

4 .7 
8.8 
6 .8 

7.2 

42. 
49. 
35. 
31. 

37.7 

TABLE C7. 3 

Number men bejo.v (LO) and above (HI) age-specif ic medians for all Japanese, Tanushimaru 
left, Ushibuka right -hand. Heavy = 20 or mo re , Other - 1-19 c igaret tees per day. 

N 

Rel. Wt. 
S Skint". 
Syst. B . P . 
Diast. B . P . 
Serum Choi 

en -Smoker 
LO HI 

T 83 
7i' 83 
cC 75 
7f: 82 
7 b 77 

Heav 
L O 

108 
108 
100 
102 
115 

y 
HI 

106 
106 
164 
112 
94 

Othei 
L O 

69 
71 
86 
73 
53 

HI 

64 
61 
66 
61 
74 

Non-Si 
L O 

38 

38 
43 
57 

tnoker 
HI 

62 

72 
33 
52 

Heav 
L O 

84 

99 
92 
93 

T 
HI 

92 

86 
93 
91 

Oth 
L O 

106 

110 
112 
96 

e r 
HI 

73 

89 
87 

103 
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third that of the Americans studied. 
Both in systole and in diastole, the 

blood pressure tended to be appreciably 
higher at Ushibuka than at Tanushi-
maru; many members of the same re­
search team worked in both villages so 
this difference is unlikely to be due to 
differences between observers. Serum 
cholesterol concentration, though low in 
both areas, was some 18 per cent (i. e., 
more than 25 mg. per 100 ml., on the 
average) higher in Tanushimaru than in 
Ushibuka. Compared with the average 
of all 18 samples, the serum cholesterol 
values were very low in both places and 
in this respect were approached only by 
the men in Velika Krsna, Yugoslavia, 
whose cholesterol values were a little 
lower than those of the Japanese fisher­
men and higher than those of the 
Japanese farmers. 

Smoking Habits 

Heavy cigarette smoking has been 
the rule for men in Japan for many 
years. In the present series of studies 
the Japanese proved to be the heaviest 
smokers of any of the groups studied; 
at Tanushimaru 43.4 per cent of the 
men smoke 20 or more cigarettes daily 
and at Ushibuka 37.7 per cent are in 
that category. Table C7.2 summarizes 
the smoking data. 

In contrast with most other samples, 
in Japan there was no trend for the per­
centage of quit smokers to rise with 
age. The percentage of men who never 
smoked was highest in the oldest age 
class and this is statistically significant 
but the percentage of never smoking is 
not age-related at other ages. As in 
other samples, the percentage of heavy 
smokers tends to fall with age. 

The men in these two villages differ 
significantly in the percentages of non-
smokers versus smokers, Tanushimaru 
having more non-smokers (chi-square 
= 6.486, p = less than 0.02). This is 

primarily because there are more quit 
smokers in Tanushimaru. On the other 
hand, the percentage of heavy smokers 
is higher in Tanushimaru than in Ushi­
buka but the difference is not quite 
significant (chi-square =3.526, p = 
about 0.06). 

Table C7.3 examines the question of 
associations between smoking habits 
and the measured variables. The Tanu­
shimaru men differ from men in most 
of the other samples studied in that 
differences in smoking habits are not 
significantly associated with differen­
ces in relative body weight or body fat­
ness. In Ushibuka the non-smokers, as 
elsewhere, more often tended to be 
overweight; for the distribution above 
and below the median relative body 
weight, chi-square = 6.899 and p = 
less than 0.01. 

In Ushibuka, but not in Tanushi­
maru, non-smokers were overly repre­
sented in the above-median class of sys­
tolic blood pressure. For systolic pres­
sure, 72 of the non-smokers were above 
the median but only 55 would be ex­
pected from chance; the difference is 
highly significant (chi-square = 12.776 
and p = less than 0.001 ). 

In Ushibuka smoking habits were 
unrelated to serum cholesterol but in 
Tanushimaru the heavy smokers tended 
to have lower values than the rest of 
the men. However, when calculation 
is made with the median cholesterol 
value as cutting point the difference is 
not quite significant ( chi-square = 
3.199). 

Electrocardiographic Findings 

ECG data from Tanushimaru are 
presented in Tables C7.4 and C7.5 and 
from Ushibuka in Tables C7.6 and 
C7.7. The original records were not 
available for replicate and adjudicated 
readings in the central laboratory but 
were coded by Dr. H. Toshima in Ja-
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FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
To ta l wi th r e p o r t a b l e 

ECG I t ems 

Q Waves 

ECG 
Code 

IX 

1 
2 
3 

40 -44 

(112) 

2 ( 17.9) 
2 ( 17 .9) 
0 

45 -49 
(117) 

50 -54 
(135) 

1 ( 8 .5 ) 
1 ( 8 .5 ) 
0 

H 7.4) 
0 

55-59 
Ü40 ) 

3 9 ( 3 4 8 . 2 ) 3 9 ( 3 3 3 . 3 ) 4 8 ( 3 5 5 . 6 ) 5 4 ( 3 8 5 . 7 ) 

4 ( 28 .6 ) 
0 

Axis Devia t ion 
Left 
Right 

1 ( 8 .9) 
0 

2 ( 14 .8) 
K 7 .4 ) 

M 7 .1 ) 
0 

High Ampl i tude R Waves 
Left type 
Right type 

III 
9 ( 80.4) 
1 ( 8.9) 

10 ( 85 .5 ) 
0 

7 ( 5 1 . 9 ) 
K 7 .4 ) 

12 ( 8 5 . 7 ) 
1 ( 7 .1) 

S-T D e p r e s s i o n ( r e s t ) IV 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 1 + 4 2 ( 17 .9) 2 ( 17 .1) 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 2 4 ( 35 .7 ) 
No S - T - J p lus s e gmen t downward 3 6 ( 5 3 . 6 ) 

2 ( 14 .8) 3 ( 21 .4 ) 

5 ( 4 2 . 7 ) 10 { 74 . 1) 
3 ( 25 .6 ) 9 ( 6 6 . 7 ) 

15 (107. 1) 
7 ( 5 0 . 0 ) 

T -Wave Negat iv i ty ( r e s t ) 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 + l . m m . 

A-V Conduct ion Defect 
Comple t e Block 
P a r t i a l Block 
P - R ove r 0 . 21 s econd 
A c c e l e r a t e d Conduct ion 

Ven t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I ncomple t e Right Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
V en t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t ion , f lu t te r 
S up r a - v en t . t a c h y c a r d i a 
Ven t r i c u l a r r hy t hm 
A-V nodal r hy thm 
Sinus t a c h y c a r d i a 
Sinus b r a d y c a r d i a 

VII 

VIII 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
S 

M 
0 
3 ( 

0 
0 
0 

1 ( 

0 
0 
1 ( 
0 

0 
0 
0 
0 
0 
0 

1 ( 
11 ( 

8 .9) 

26 .8 ) 

8 .9) 

8 .9) 

8 .9) 
98 .2 ) 

0 
0 
0 

0 
0 
3 ( 
1 ( 

0 
0 
1 ( 
0 

0 
0 
0 
0 
0 

1 ( 
0 

25. 
8. 

8. 

8. 

13 (111 . 

• 6 ) 

5) 

.5) 

5) 

1) 

0 
0 

7 ( 

0 

1 ( 
4 ( 
0 

0 
2 ( 
0 
0 

0 
0 

1 ( 
0 
0 
0 
0 

5 1 . 9 ) 

7 .4 ) 
29 .6 ) 

14.8) 

7 .4 ) 

14 (103 .7) 

0 

2 ( 
7 ( 

0 
0 

2 ( 
0 

0 
2 ( 
0 
0 

0 
0 
5 ( 
0 
0 
0 

1 ( 
9 ( 

14.3) 
50 . 0 ) 

14.3) 

14.3) 

35 .7 ) 

7 .1 ) 
64 .3 ) 

Techn ica l ly poor r e c o r d s IX 
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TABLE C 7 . 5 

TANUSHIMARU, JAPAN 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG 40 -44 45 -49 50 -54 55 -59 
ECG FINDING Code (107) (109) (127) (127) 
E x e r c i s e t e s t s not m a d e o r X I 5 ( 44 . 6) 8 ( 68. 4) 8 ( 59. 3) 13 ( 92. 9) 

i n comple t e X 2 
S-T D e p r e s s i o n p o s t - e x e r c i s e 

(none at r e s t ) XI 
S-T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 1+4 0 0 1 ( 7. 9) 0 
S-T - J 0. 5 - 1 m m . , h o r i z . o r 

3 ( 23 .6 ) 5 ( 39 .4 ) 
2 ( 15. 7) 3 ( 23 .6 ) 

downward s egmen t 
No S - T - J p lus s e gmen t downward 

T Wave Negat iv i ty p o s t - e x e r c i s e 
(none a t r e s t ) 
- 5 m m . o r m o r e 
-1 to -5 m m . 
0 + 1 m m . 

A r r h y t h m i a s p o s t - e x e r c i s e 
(none at r e s t ) 

Techn ica l l y poor p o s t - e x e r c i s e 
r e c o r d s 

X I I 

X V 

X I 

2 

3 

1 

2 

3 

1 

8 

2 ( 
3 ( 

0 
0 

0 

0 

0 

1 8 . 

2 8 . 
7) 

0) 

3 ( 27 .5 ) 
0 

0 
0 

0 

0 

0 

0 
0 
0 

1 ( 

1 ( 

7 . 9 ) 

7 . 9 ) 

0 
0 

1 ( 

1 ( 

0 

7 . 9 ) 

7 . 9 ) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Re s t 
L a r g e Q Waves 
L e s s e r Q Waves 

wi th Negat ive T Waves 
Deeply Negat ive T a s so le 

anomaly 
O the r Nega t ive T a s so le 

a noma ly 
S-T D e p r e s s i o n a s so le 

anomaly 
High Ampl i tude R 

wi th S -T D e p r e s s i o n 
Comple t e H e a r t Block 
Ven t r i c u l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 
S-T D e p r e s s i o n a s so le 

anomaly 
Negat ive T a s so le 

anomaly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

a s so le anomaly 

I 1 
1 2 , 3 + 
V 1, 2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1, 2, 4 
VIII 2 -6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2, 4 
only 

XV 1 
only 

2 ( 
0 

0 

0 

6 ( 

1 ( 

0 

0 

0 

4 ( 

0 

0 

0 

1 7 . 

5 3 . 

8 . 

3 7 . 

9) 

6) 

9) 

• 4 ) 

1 ( 
0 

0 

0 

8 ( 

1 ( 

0 

0 

1 ( 

1 ( 

0 

0 

0 

8 . 

6 8 . 

8 . 

8 . 

9 . 

5) 

4) 

5) 

5) 

2) 

0 

0 

0 

2 ( 

12 ( 

3 ( 

0 

2 ( 
1 ( 

3 ( 

0 

0 

1 ( 

1 4 . 

8 8 . 

2 2 . 

1 4 . 

7 . 

2 3 . 

7 . 

8) 

9) 

2) 

8) 

4 ) 

6) 

9) 

0 

0 

0 

2 ( 

12 ( 

5 ( 

0 

2 ( 
5 ( 

3 ( 

0 

0 

0 

1 4 . 

8 5 . 

3 5 . 

1 4 . 

3 5 . 

2 3 . 

3) 

7) 

7) 

3) 

7) 

b) 
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FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1,000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Tota l wi th r e p o r t a b l e 

ECG I t ems 

4 0 - 4 4 45-49 
(122) 

50 -54 
(136) 

55-59 
(114) 

3 1 ( 2 7 6 . 8 ) 4 6 ( 3 7 7 . 0 ) 4 6 ( 3 3 8 . 2 ) 3 7 ( 3 2 4 . 6 ) 

Q Waves 

Axis Devia t ion 
Left 
Right 

High Ampl i tude R Waves 
Left type 
Right type 

S-T Dep r e s s i on ( r e s t ) 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s egmen t 
S-T - J 0. 5 - 1 m m . , h o r i z , o r 

downward s egmen t 
No S - T - J p lus s e gmen t downward 

III 

IV 

1 + 4 

0 
0 
0 

1 ( 
0 

8 . 9 ) 

0 
0 

0 

0 
0 

1 ( • 9) 

1 ( 8 .9) 
1 ( 8 .9) 

3 ( 24 .6 ) 

1 ( 7 .4) 
0 
0 

1 ( 7 .4) 
0 

20 (178.6) 14 (114. 8) 18 (132 .4) 
1 ( 8. 9) 0 0 

1 ( 7 .4 ) 

7 ( 57 .4 ) 6 ( 4 4 . 1 ) 
6 ( 49 . 2) 11 ( 8 0 . 9 ) 

1 ( 8 .8) 
1 ( 8 .8) 
0 

1 ( 8 .8) 
0 

19 (166 .7) 
0 

5 ( 4 3 . 9 ) 
6 ( 5 2 . 6 ) 

T-Wave Negat ivi ty ( r e s t ) 
- 5 m m , o r m o r e 
- 1 m m . to -5 m m , 
0 + l . m m . 

A-V Conduct ion Defect 
Comple t e Block 
P a r t i a l Block 
P -R ove r 0 .21 s econd 
A c c e l e r a t e d Conduct ion 

VI 

0 

1 ( 
0 

0 

1 ( 
3 ( 
0 

8.9) 

8 .9) 
26 .8 ) 

0 
0 

4 ( 

0 

0 

5 ( 
0 

32.8) 

4 1 . 0) 

1 ( 
3 ( 
1 ( 

0 

2 ( 
1 ( 
0 

7.4) 
22. 1) 

7 .4) 

14. 7) 
7 .4) 

0 

o-
3 ( 

G 

1 ( 
1 ( 
0 

( 2 6 . 3 ) 

Ven t r i c u l a r B locks 
Left Bundle 
Right Bundle 
I ncomple t e Right Bundle 
I n t r a v e n t r i c u l a r Block 

VI I 

0 
2 ( 17 .9) 
0 
0 

0 
3 ( 24 .6) 
1 ( 8 .2) 
0 

ü 

1 ( 
0 
0 

A r r h y t h m i a s 
P r e m a t u r e Bea t s 
Ven t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t ion , f lutte: 
S up r a - v en t , t a c h y c a r d i a 
V en t r i c u l a r r hy t hm 
A-V nodal r hy thm 
Sinus t a chyca rd i a 
SiiiUo b r a dy c a r d i a 

VIII 
0 

0 

0 

0 

0 

0 

1 ( 
5 ( 

8 .9) 
44 .6 ) 

0 

0 

0 

0 

0 

0 

0 

8 ( 6 5 . 6 ) 

1 ( 
0 
0 
0 
0 
0 
0 
5 

7 .4 ) 

( 3 6 . f 

1 ( 
0 
0 
0 
0 
0 
0 
3 ( 2 6 . 3 ) 

Techn ica l ly poor r e c o r d s I X 1 ( 8 .8) 
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TABLE C7. 7 

USHIBUKA, JAPAN 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

1 + 4 

2 

3 

0 

0 

3 ( 3 2 . 6 ) 

0 

2 ( 

4 ( 

1 9 . 6 ) 

3 9 . 2 ) 

0 

3 ( 

5 ( 

2 5 . 6 ) 

4 2 . 7 ) 

1 ( 

4 ( 

5 ( 

! 1 0 . 2 ) 

! 4 0 . 8 ) 

: 5 1 . 0 ) 

ECG 40-44 45-49 50-54 55-59 
ECG FINDING Code ( 92) (102) (11?) ( 98) 
Exercise tests not made or X 1 20(178.6) 20(163.9) 20(147.1) 16(140.4) 

incomplete X 2 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0. 5 - 1 mm. , horiz. or 

downward segment 
No S-T-J plus segment downward 

T Wave Negativity post-exercise 
(none at rest) XII 
-5 mm, or more 1 0 0 0 0 
-1 to -5 mm. 2 0 0 0 0 
0 + 1 mm. 3 0 0 0 0 

Arrhythmias post-exercise XV 
(none at rest) 1 0 0 1 ( 8. 5) 0 

Technically poor post-exercise 
records XI 8 0 0 0 0 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 
L a r g e Q Waves 
L e s s e r Q Waves 

wi th Nega t ive T Waves 
Deeply Negat ive T a s so le 

a noma ly 
O the r Nega t ive T a s so le 

a noma ly 
S -T D e p r e s s i o n a s so le 

a noma ly 
High Ampl i tude R 

wi th S -T D e p r e s s i o n 
Comple t e H e a r t Block 
V e n t r i c u l a r Conduct ion Defect 
A r r h y t h m i a s 

P o s t - e x e r c i s e 
S -T D e p r e s s i o n a s so le 

a noma ly 
Nega t ive T a s so le 

a noma ly 
Ven t r i c u l a r Conduct ion Defect a s 

so le anomaly 
A r r h y t h m i a s 

a s sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1 , 2 , 4 
VIII 2 - 6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1 , 2 , 4 
only 

XV 1 
only 

0 

0 

0 

0 

1 ( 

1 ( 

0 

2 ( 
0 

2 { 

0 

0 

0 

8 . 

8 . 

1 7 . 

2 1 . 

9) 

9 ' 

9) 

7) 

0 

0 

0 

1 ( 

12 ( 

2 ( 

0 

3 ( 
0 

4 ( 

0 

0 

0 

8 . 

9 8 . 

1 6 . 

2 4 . 

3 9 . 

2) 

4 ) 

4 ) 

6) 

2) 

1 ( 
0 

0 

0 

12 ( 

2 ( 

0 

0 

0 

4 ( 

0 

0 

1 ( 

7. 

8 8 . 

1 4 . 

3 4 . 

8 . 

4 ) 

2) 

V) 

2) 

5) 

1 ( 
0 

0 

1 ( 

7 ( 

2 ( 

0 

1 ( 
0 

8 ( 

0 

0 

0 

8 . 

8 . 

6 1 . 

1 7 . 

8 . 

8 1 . 

8) 

. 8 ) 

4 ) 

5) 

. 8 ) 

6) 
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pan and there may be systematic read­
ing differences. The Japanese ECG 
data are therefore considered with these 
reservations. 

At Tanushimaru three large Q waves 
(I, 1 ) were seen; curiously they were 
among men in the younger decade of 
age. Axis deviation (II 1, 2) was un­
common except that there was one case, 
extremely rare, of marked right axis 
deviation (over 120°). Left and right 
type of high amplitude R waves are 
comparatively common, and the rates 
for resting S-T segment depression 
alone or in combinations are quite high. 
The modified version of the S-T seg­
ment depression code in the Minnesota 
classification (see Appendix), in which 
"ischemic" sagging depression is sepa­
rated from categories IV, 1 and XI, 1, 
was not employed in these readings. 
Prolonged P-R interval was unusually 
common, but must be viewed in the light 
of the finding that ten per cent of the 
Tanushimaru population had resting 
heart rates less than 50 beats per 
minute. 

Post-exercise ECG records were ob­
tained from 93.2 per cent of the men 
at Tanushimaru, the exclusions being 
made for the following reasons: 1) the 
resting ECG showed ST-T abnorma­
lity or ventricular conduction disturb­
ance, 2) there was difficulty in walk­
ing, 3) blindness, 4) the examination 
was done in hospital or at home, not at 
the field station. The "yield" of addi­
tional ECG abnormalities from the 
post-exercise record was low at Tan­
ushimaru. 

At Ushibuka large Q waves (I, 1) 
were rare and axis deviation was relat­
ively uncommon. Left type high ampli­
tude R waves were recorded in 15 per 
cent of the men aged 40—59 years. It 
is not known whether this is primarily 
due to a systematic peculiarity of read­
ing or to the degree to which the find­
ing is associated with lean body build 
or elevated blood pressure. However, 

16 

the finding is twice as common in Ushi­
buka as in Tanushimaru where the 
ECG coder was the same individual. 

There was an unusually high preva­
lence of resting S-T depression (10 
per cent in Codes IV, 1—3) probably 
related to the same factors as in Tanus­
himaru. The coincidence of frequent 
prolonged A-V conduction and sinus 
bradycardia was found in Ushibuka as 
in Tanushimaru. Other arrhythmias 
were rare. 

Post-exercise ECG records were ob­
tained from 84.5 per cent of the men 
of Ushibuka, the reasons for exclusion 
being the same as at Tanushimaru. 
Again, as at Tanushimaru, the number 
of new ECG abnormalities from the 
exercise test was not large. 

The infrequency of conduction de­
fects, heart blocks and arrhythmias is 
notable in the records from Tanushi­
maru and Ushibuka. There were no 
cases of complete block, intraventricular 
block, left bundle branch block; in rest, 
there were only two cases of frequent 
extra-systoles, six of atrial fibrillation 
or flutter and two of sinus tachycardia. 

Hypertension Prevalence and Other 
Variables 

By any criterion, hypertension is 
somewhat less prevalent in the Japanese 
villages than in the other areas studied. 
The data for two criteria of diastolic 
blood pressure are summarized in Table 
C7.8. With either criterion, hyperten­
sion was decidedly less prevalent in 
these villages than the average of the 
other population samples in these stu­
dies. At ages 40—54, but not at ages 
55—59, hypertension is more common 
at Ushibuka than at Tanushimaru. For 
the total age range 40—59 years, hy­
pertension is significantly more preva­
lent at Ushibuka than at Tanushimaru 
if 95 mm. or more in diastole is the cri-



242 

TABLE C7.8 

Prevalence of diastolic hypertension (95 or mo r e , 100 or mo re m m Hg, fifth phase) 
among men c lassed by age. Percentage of men at Tanushimaru and Ushibuka who a re 
hypertensive, compared with the average for all 18 samples of men. 

SAMPLE 

Tanushimaru 
Ushibuka 

Mean, 18 samples 

40-
5 mm 

1.8 
7 . 0 

13.6 

-44 
100 m m 

1.8 
3. 5 

7 . 9 

45 
95 m m 

3 . 4 
13.3 

15.6 

-49 
100 mm 

3 . 4 
8 .6 

8 . 9 

50 
95 mm 

7 . 3 

12.9 

20.9 

- 5 4 
100 m m 

6 .6 
8 .6 

13.5 

55 
95 m m 

15.4 
12.7 

21.5 

-59 
100 m m 

10.5 
7 .6 

13.8 

TABLE C7.9 

Prevalence of overweight (110 or more and 120 or mo re per cent of "s tandard" 
average for height and age). Percentage of men at Tanushimaru and Ushibuka, 
c lassed by age, who a r e overweight, compared with the average for all 18 samples 
of men. 

SAMPLE 

Tanushimaru 
Ushibuka 

40-44 
110% 120% 

1.8 0 
4 .7 0.9 

45-49 
110% 120% 

2.6 1.7 
2.6 0 

50-
110% 

4 . 4 
1.6 

-54 
120% 

0 . 7 
0. 8 

So­
i l 0% 

1.4 
0 . 9 

-59 
120% 

0 . 7 
0 

Mean, 18 samples 20.9 8.4 19.4 6 .9 18.1 6 .7 16.8 7 .3 
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terion (chi-square = 4.394, p = less 
than 0.04); with 100 mm. or more as 
the criterion, the two villages are not 
significantly different. 

The distributions of the hypertensive 
men, defined as diastolic pressure of 95 
mm. or more, into decile classes of rela­
tive body weight, 2 skinfolds, and se­
rum cholesterol concentration are shown 
in Figures C7.3 and C7.4. At Ushibuka, 
as in other samples reported here, the 
prevalence of hypertension rises with 
increasing relative body weight. Among 
the men in deciles 9, 10 (i.e. the 20 per 
cent for relative weight) 18.7 per cent 
are hypertensive as compared with only 
5.6 per cent among men in deciles 1,2. 
But Tanushimaru is remarkable in that 
there is no tendency for hypertension 
prevalence to vary with relative weight. 

On the other hand, at Tanushimaru 
the prevalence of hypertension seems to 
be related to body fatness, at least in 
the upper part of the 2 skinfolds distri­
bution. Compared with the lower 80 per 
cent (deciles 1—8) of the distribution 
of 2 skinfolds, the men in the top 20 
per cent of 2 skinfolds have 2.72 times 
the prevalence rate of hypertension and 
the difference is highly significant (chi-
square = 7.527, p = less than 0.01). 
2 skinfolds data are not available for 
Ushibuka. 

At Tanushimaru there is no signifi­
cant relationship between hypertension 
and serum cholesterol level but at Ushi­
buka there is an irregular tendency for 
the prevalence of hypertension to be 
greater among the men with the relat­
ively higher serum cholesterol values. 
Comparing the men above the cholester­
ol median with those below the median, 
at Ushibuka the respective prevalence 
figures are 33 cases among 246 men, or 
13.4 per cent, and 24 cases among 247 
men, or 9.7 per cent. This difference at 
the median cutting point does not reach 
statistical significance but when the men 
in the top 20 per cent of serum chol­
esterol are compared with the rest of 

the men, their prevalence of hyperten­
sion proves to be significantly higher 
(chi-square = 4.012, p = less than 
0.05). 

Prevalence of Overweight and Other 
Variables 

Data on the prevalence of overweight 
are given in Table C7.9. Both in Tanus­
himaru and Ushibuka only 2.4 per cent 
of the men aged 40—59 would qualify 
as overweight when this is defined as 
110 or more per cent of the "standard" 
average body weight for height and 
age; with the more commonly used cut­
ting point of 120 or more per cent, al­
most none of these men would be 
classed as overweight. The distribut­
ions of the few overweight men ( 110 or 
more per cent of "standard" average) 
in these samples into decile classes of 
serum cholesterol and blood pressure 
are shown in Figures C7.5 and C7.6. 
In both villages and for all three var­
iables there is some tendency for the 
prevalence of overweight to increase as 
the values of the other variables in­
crease, but statistical analysis is needed 
to evaluate this. 

The small numbers of overweight 
men hamper such analysis, but compari­
son can be made of the men over the 
median with those below the median 
for these variables. Since in these re­
spects the distributions are not signifi­
cantly different in the two samples, it is 
reasonable to combine the data repre­
sented in Figures C7.5 and C7.6. 

For Tanushimaru and Ushibuka 
combined, the above-median men in 
cholesterol have an overweight preva­
lence of 3.72 per cent; the figure for 
the below-median men is 1.66 per cent 
but chi-square is only 3.05 and p = 
about 0.08. Diastolic blood pressure, 
however, proves to be significant in the 
above- and below-median compari-
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son. Among 505 men below the median 
diastolic blood pressure for their age 
and village, only 5 were overweight 
compared with 19 among 504 above-
median men; chi-square = 7.254 and 
p = less than 0.01. Similarly for systol­
ic pressure, among 505 men below the 
median, there were 5 overweight men 
while among the 504 above-median men 
there were 19 cases of overweight. 

Prevalence of Obesity and Hyper­
cholesterolemia 

Classification systems for obesity (in 
terms of S skinfolds) and hypercholes­
terolemia are presented in Section H, 
below. Though these criteria, based on 
the distributions of measurements in the 
"healthiest" areas in the 18 population 
samples studied, are rigorous, only 8 
per cent of the Tanushimaru men would 
be classed in any grade of obesity and 
only 2 per cent would be classed as 
Grade 1 obesity. In serum cholesterol 
concentration the Tanushimaru men are 
less remarkable, 9 per cent were Grade 
1 and 19 per cent Grade 4 hypercholes­
terolemia. In Ushibuka only one per 
cent of the men were Grade 4 hyper­
cholesterolemia and no men were 
classed in higher grades. 

Summary 

In the farming village Tanushimaru 
and the fishing village Ushibuka, in 
southern Japan (Kyushu), 99.8 per cent 
of all men aged 40—59 were examined 
(N = 1013). Compared with the men 
in the other samples in these studies 
these men were shorter, much lighter, 
thinner, had very low serum cholesterol 
values and tended to have lower blood 
pressures, especially in diastole. Com­
pared with the fishermen of Ushibuka 

the farmers of Tanushimaru were simi­
lar in height and in relative body 
weight, tended to have slightly lower 
blood pressures and significantly higher 
serum cholesterol values. 

Over 70 per cent of the men of Tan­
ushimaru and almost 80 per cent of 
the men of Ushibuka smoked cigarettes. 
The frequency of heavy smoking (20 
or more cigarettes daily) was higher in 
these Japanese villages than in any of 
the other samples of men of this age 
studied. Non-smokers at Ushibuka, but 
not at Tanushimaru, included an unduly 
high proportion of relatively overweight 
men and men with relatively high sy­
stolic blood pressure. In neither area 
was there an unexpected frequency of 
relatively high serum cholesterol values 
among the non-smokers. At Tanushi­
maru, but not at Ushibuka, heavy smok­
ers included fewer men than expected 
with relatively high serum cholesterol 
values. 

Significant electrocardiographic ab­
normalities were similar and relatively 
uncommon in both Tanushimaru and 
Ushibuka. Sinus tachycardia in rest was 
unusually frequent in both villages. 

The prevalence of hypertension in 
these villages was decidedly less than 
the average for the other samples of 
men in these studies. At Ushibuka, but 
not at Tanushimaru, the prevalence of 
hypertension rose with increasing rela­
tive body weight. At Tanushimaru, the 
men with the highest 2 skinfolds most 
often tended to have hypertension. 
Obesity was rare in these samples. 
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C8. RAILROAD EMPLOYEES IN ROME 

by H. L. Taylor, Mario Monti, Vittorio Puddu, Alessandco Menotti 
and Ancel Keys 

In many countries employees of the 
railroads do rather similar work, tend 
to be stable in their occupations and 
are covered by systems of disability, re­
tirement and record-keeping that make 
them especially suitable for epidemio­
logical studies on cardiovascular diseas­
es. The example of the studies on rail­
road employees in the United States 
(see Section C l , above), led to the or­
ganization of a similar study on em­
ployees of the State Railways of Italy 
with concentration, in regard to detailed 
medical examinations, on certain occu­
pational categories of male employees 
in Rome. 

The examinations were made in the 
summer of 1962. The methods were 
identical and professional personnel 
(Drs. H. L. Taylor and H. Blackburn) 
engaged in the work in the U.S.A. 
participated in the work in Rome. The 
eligible roster consisted of permanently 
employed men aged 40—59 who were 
in the selected job categories. Actually, 
many men on the list were not invited 
because of known conflicts in the oper­
ating schedules. Among about 1 000 
men aged 40—59 in the four selected 
occupations who were invited, 806 were 
examined. Some of those who did not 
respond were unable to do so because 
of local difficulties in getting to the 

examination headquarters in the Sta-
zione Termini during the scheduled 
period so the effective response rate of 
those who really had an opportunity to 
respond was better than 80 per cent. 

In contrast to the United States, all 
railroads in Italy are completely electri­
fied and there are various other differ­
ences in technical operations and tra­
ditional working arrangements so it is 
not possible to equate job categories in 
the two countries. Four occupations 
were covered in Rome: 1 ) clerks, includ­
ing station masters (capi stazione), 2) 
switchmen, 3) electricians, and 4 ) main­
tenance of way men. The distribution of 
men in the Rome sample, by age and 
occupation, is given in Table C8.1. 

The work of railroad clerks in Italy 
is generally similar to that in the United 
States but the study in Rome concen­
trated on station masters, a subcategory 
of clerks. These men report arrivals 
and departures of all trains and are on 
the platforms at the moment of arrival 
and departure. More of the Italian clerks 
worked in small stations along the line 
than the clerks sampled in the United 
States. By design, the latter were con­
fined to railroad centers where both 
clerks and switchmen are employed. 

There are some differences in the 
work of the switchmen in the two 
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TABLE C8.1 

Numbers of Rome railway men classed by age, occupation and location. 

OCCUPATION IN ROME PROPER OUTSIDE ROME PROPER 
40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-59 

Clerks 16 19 15 10 29 33 28 15 
Switchmen 17 35 27 10 21 20 23 9 
Electricians 35 23 46 24 18 22 24 11 
Maintenance of Way Men 15 16 18 7 13 46 48 38 

All Men 83 93 106 51 111 121 123 73 

TABLE C8. 2 

Rome railway men. Medians and the median values expressed as percentage of the 
averages of the medians for all 18 samples of men. 

VARIABLE MEDIAN VALUES MEDIAN as % of AVERAGE 

Height, cm. 
Relative Weight, % 
S Skinfolds, mm. 
Systolic B. P . , mm. Hg 
Diastolic B . P . , mm. HG 

40-44 
166 
108 
26 

135 
86 

45-49 
166 
108 
27 

138 
89 

50-54 
165 
106 
25 

138 
89 

55-59 
164 
108 
26 

142 
90 

40-44 
97.8 

110. 1 
122.6 
103. 1 
106.2 

45-49 
98.2 

112.3 
132.4 
103.8 
109.3 

50-54 
98.0 

111.3 
120.8 
100.7 
106.7 

55-59 
97.8 

114.8 
130.7 
101.0 
106.8 

Serum Choi., mg.% 207 206 209 204 100.3 99.4 100.0 98.7 
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countries. In Italy the switching crews 
are smaller and more tailored in num­
ber to the needs of the immediate job. 

The railroad electricians in Italy have 
various tasks in the maintenance of the 
electrical system. Up to the age of 45 
or so they do a considerable amount of 
work on the overhead lines which in­
volves climbing poles. The electricians 
aged 50 and over work mainly on the 
ground. As a result the younger electri­
cians are probably more active than the 
switchmen but the older men are not. 

The men who maintain the road bed 
in Italy do a good deal of heavy work 
and observation of them at work gives 
the impression that their work is heavier 
than that of their counterparts in the 
United States. 

The Rome sample of men represents 
an area centered on the city proper, the 
equivalent of a division in the American 
railroad system, which extends to in­
clude the division points of Cassino, 
140 km., Formia, 180 km. to the south, 
Grossetto, 180 km. to the north and 
Sulmona, 100 km. to the southeast. 
Though the job responsibilities are 
similar throughout the area, living 
conditions and some of the working 
conditions in Rome itself differ from 
those outside of the capitol. Table C8.1 
distinguishes between Rome proper and 
the rest of the area in regard to age and 
occupation distribution. 

Distribution of Six Measured Variables 

Table C8.2 gives the median values 
of height, relative body weight, the sum 
of the skinfolds (over the triceps muscle 
and over the tip of the scapula), systolic 
and diastolic (fifth phase) blood pres­
sure and serum cholesterol concentra­
tion for all men in the Rome sample 
classed by age. The table also expresses 
these values as percentages of the av­
erages of the medians of all men of 

corresponding age in the 18 samples in 
this cooperative study. 

These Romans show no age trend in 
relative weight, 5 skinfolds, or serum 
cholesterol. Height tends to decrease 
and blood pressure to rise with age; 
these trends are similar to those found 
in other samples. 

Compared with the average of all 
samples, the Rome railway men tend to 
be slightly shorter, decidedly heavier at 
equal height and age, and very much 
fatter; they tend to have somewhat 
higher blood pressures, especially in 
diastole; they correspond closely to the 
general average in serum cholesterol 
concentration. The outstanding feature 
of these Romans is their tendency 
toward obesity as indicated by 2 skin­
folds. Note that the true skin represents 
about 6 mm. of the sum of the skinfolds 
so the median (all ages) actual subcu­
taneous fat thickness of these Romans is 
about 5.0 mm. at these sites; the corres­
ponding figure for all 18 samples is 
about 3.6 mm., so in this respect these 
Romans are nearly 40 per cent fatter 
than the general average of men stud­
ied. They are, in fact, fatter than the 
men in any of the other samples expect 
the U.S. railroad employees. 

Compared with the other samples of 
men in Italy, the Rome railway men 
are a little taller than the men in Mon-
tegiorgio, some 4 cm. taller than the 
men in Nicotera but several cm. shorter 
than the men in Crevalcore. They have 
considerably greater relative body 
weights and they are much fatter than 
the men in the other Italian samples. At 
all ages they have somewhat higher se­
rum cholesterol values than the other 
Italians studied though their cholesterol 
levels would be considered very low in 
the U.S. or in Finland. 

The cumulative frequency distribu­
tions of these variables, on a probability 
scale, are shown in Figure C8.1. In the 
graphs of relative body weight and 
blood pressure the heavy line is for ages 
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40—49, the light line for ages 50—59; 
for the other variables, all ages 40—59 
are combined. Except for 2 skinfolds 
and systolic blood pressure, the distri­
butions are reasonably "normal". The 
details of these distributions, by 5-year 
age groups, are given in the Appendix. 

Smoking Habits 

In common with other men in Italy, 
smoking among Rome railway men is 
confined to cigarettes; almost none 
smoke pipes or cigars. The majority of 
these Romans are cigarette smokers — 
60.5 per cent (among electricians) is 
the lowest frequency of smoking, the 
highest being 75.5 per cent (among 
switchmen). The smoking habits are 
summarized in Table C8.3. Though 
fewer switchmen had never smoked 
(10.5 per cent), all of the groups were 
similar in the frequency of heavy smok­
ing (20 or more cigarettes daily), the 
range being only from 27.4 per cent for 
maintenance of way men to 30.9 per 
cent for electricians. 

Over the range 40—59 years, smok­
ing habits tend to change with age. 
For all occupations combined, the per­
centage of heavy smokers drops with 
increasing age from a high of 36.0 per 
cent heavy smokers at 40—44 to a low 
of 23.4 at age 55—59. The percentage 
of non-smokers rises with advancing 
age and this trend is statistically signi­
ficant; (comparing ages 40—44 with 
55—59, chi-square = 5.179 and p = 
0.025). But among smokers the trend 
to fewer heavy smokers at older ages 
is not significant; for example, compar­
ing ages 40—44 with 55—59, chi-
square =: 1.606; those who continue to 
smoke do not change the intensity of 
their smoking as they grow older. The 
tendency for non-smoking to become 
more common with increasing age is 
due to an increase in stopped smokers; 
there is no trend in the percentage of 

men who never smoked to change with 
age but the increase in stopped smokers 
is significant; comparing ages 40—44 
with 55—59 the percentages of stopped 
smokers are 13.7 and 24.2, respectively, 
and the difference is significant (chi-
square = 5.061, p = 0.025). 

The Rome railroad men more often 
tend to be heavy smokers compared 
with the men in the rural samples in 
Italy. The percentages of heavy smok­
ers in the Rome, Crevalcore, Monte-
giorgio and Nicotera samples are 29.9, 
17.7, 9.6 and 8.0, respectively. Further, 
considering only men who smoke, 
among the Romans 45.9 per cent are 
heavy smokers while only 28.2, 16.2 
and 11.7 per cent in Crevalcore, Monte-
giorgio, and Nicotera, respectively, are 
in that category. All of these differen­
ces are highly significant. 

Table C8.4 gives the distributions of 
the Rome railroad men specified as to 
smoking habits and classed as above 
and below the age-specific medians for 
relative body weight, 2 skinfolds, blood 
pressure and serum cholesterol concen­
tration. As in other samples, the non-
smokers tend to be relatively heavier, 
fatter and to have higher blood pres­
sures than the smokers. All of these 
differences are statistically highly signi­
ficant. Differences in smoking habits 
are not associated with differences in 
serum cholesterol in these men. 

On the other hand, the heavy smok­
ers tend to be more often below the 
medians for all of these variables except 
serum cholesterol. Compared with "oth­
er" smokers, the heavy smokers are 
more often underweight (chi-square = 
6.097) but the differences in the other 
variables are not statistically signifi­
cant. 

Electrocardiographic Findings 

The electrocardiographic findings in 
Rome are summarized in Tables C8.5 
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TABLE C8 . 3 

C igare t te smoking habi ts of Rome ra i lway men c l a s s ed by occupation and age . 
P e r c en t age of n on - smoke r s and of heavy smoke r s (20! o r m o r e c i ga r e t t e s da i ly) . 

AGE CLERKS SWITCHMEN ELECTRICIANS MAINTENANCE 

40-44 
45-49 
50-54 
55-59 

Non 
36 .2 
33 .9 
37 .8 
48 .8 

Heavy 
34 .1 
39 .6 
26 .7 
28 .0 

Non 
18.0 
24 .1 
26 .0 
31 .6 

Heavy 
33 .3 
31.5 
32 .0 
5 . 3 

Non 
32 .0 
37 .8 
42 .9 
45 .7 

Heavy 
41 .6 
20 .0 
31 . 4 
28 .6 

Non 
32 .7 
35 .5 
33 .9 
44 .5 

Heavy 
34 .5 
21 .0 
29 .2 
24 . 4 

40-59 37 .6 19 .4 24 .1 29 .0 39 .5 30 .9 36 .1 27 . 4 

TABLE C 8 . 4 

Smoking. Number of Rome r a i l r o ad men below and above the age-spec i f i c med ian 
va lues (LOW and HIGH, r e spec t ive ly ) c l a s s ed as NON-SMOKERS, HEAVY (20 or 
mo r e c i ga re t t e s daily) and OTHER (1-19 daily) s m o k e r s . 

VARIABLE NON-SMOKERS HEAVY OTHER 
LOW HIGH LOW HIGH LOW HIGH 

Relat ive Body Weight 99 167 144 85 139 131 
S Skinfolds 107 159 135 93 140 129 
Systol ic B . P . I l l 155 120 109 151 120 
Diastol ic B , P . 115 151 127 102 141 129 
Se rum Choles te ro l 134 131 108 118 140 130 
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TABLE C 8. 5 

RAILWAYMEN, ROME, ITALY 

FREQUENCY OF RESTING 
(Rate per 1, 

ECG FINDING 
Total with reportable 

ECG Items 

Q Waves 

ECG 
Code 

ELECTROCARDIOGRAPHIC FINDINGS 
000 men in parentheses) 

AGE GROUP 
(Number of Men) 

40-44 
(197) 

45-49 
(214) 

50-54 
(231) 

55-59 
(124) 

I - IX 46(233.5) 55(257.0) 68(294.4) 38(306.5) 

I 1 1 ( 5. 1) 0 1 ( 4. 3) 2 ( 16. 1) 
2 4 ( 20. 3) 3 ( 14. 0) 4 ( 17. 3) 1 ( 8. 1) 
3 0 2 ( 9. 3) 3 ( 13.0) 1 ( 8. 1) 

Axis Deviation II 
Left 1 
Right 2 

High Amplitude R Waves III 
Left type 1 
Right type 2 

S-T Depression (rest) IV 
S-T - J 1 mm. or more, horiz. 

or downward segment 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 4 

T-Wave Negativity (rest) V 
- 5 mm. or more 1 
- 1 mm. to -5 mm. 2 
0 + l .mm. 3 

A-V Conduction Defect VI 
Complete Block 1 
Part ial Block 2 
P-R over 0.21 second 3 
Accelerated Conduction 4 

5 ( 25.4) 7 ( 32.7) 14 ( 60.6) 
0 0 3 ( 13. 0) 

6 ( 30.5) 
0 

9 ( 42.1) 
0 

7 ( 30. 3) 
0 

6 ( 30. 5) 6 ( 28.0) 

0 0 
0 0 
3 ( 15.2) 0 
0 0 

4 ( 32. 3) 
0 

4 ( 32.3) 
0 

1 

2 
3 

0 

0 
0 

2 ( 9.3) 

1 ( 4.7) 
1 ( 4.7) 

0 

2 ( 
0 

8.7) 

3 ( 

1 ( 
1 ( 

24.2) 

8.1) 
8.1) 

1 ( 
5 ( 

0 
0 
0 
3 ( 

4.3) 
21.6) 

13.0) 

4 ( 32.3) 
6 ( 48. 4) 

0 
0 
1 ( 8.1) 
0 

Ventricular Blocks 
Left Bundle 
Right Bundle 
Incomplete Right Bundle 
Intraventricular Block 

VII 
0 
1 ( 
1 ( 
0 

5 ( 21.6) 
2 ( 8. 7) 
1 ( 4. 3) 

0 
2 ( 16. 1) 
2 ( 16. 1) 
0 

Arrhythmias 
Premature Beats 
Ventricular tachycardia 
Atrial fibrillation, flutter 
Supra-vent. tachycardia 
Ventricular rhythm 
A-V nodal rhythm 
Sinus tachycardia 
Sinus bradycardia 

Technically poor records 

VIII 

IX 8 

1 ( 
0 
0 
0 
0 
0 
4 
2 i 

5.1) 

20.3) 
10.2) 

0 
0 
0 
0 
0 
1 ( 4. 7) 
6 ( 28.0) 

5 ( 25.4) 3 ( 14.0) 

1 ( 4. 3) 
0 
0 
0 
0 
1 ( 4. 3) 
4 ( 17.3) 
1 ( 4 

2 ( 

3) 

8.7) 

1( 8.1) 
0 
0 
0 
0 
0 
0 
0 

M 8.1) 
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TABLE C 8. 6 

RAILWAYMEN, ROME, ITALY 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG 40-44 45-49 50-54 55-59 
ECG FINDING Code (193) (208) (220) (118) 
Exercise tests not made or X 1 

incomplete X 2 4 ( 20. 3) 6 ( 28.0) 11 ( 47.6) 6 ( 48.4) 
S-T Depression post-exercise 

(none at rest) XI 
S-T - J 1 mm. or more, horiz, 

or downward segment 
S-T - J 0. 5 - 1 mm . , horiz. or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm. or more, upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm. 
0 + 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 

1 

2 
3 

4 

XII 
1 
2 
3 

XV 
1 

XI 8 

1 ( 

1 ( 
1 ( 

4 ( 

0 
0 
3 ( 

0 

8 ( 

5.2) 

5.2) 
5.2) 

20.7) 

15.6) 

41.5) 

0 

1 ( 
0 

4 ( 

0 
1 ( 
2 ( 

0 

4 { 

4.8) 

19.2) 

4.8) 
9.6) 

19.2) 

5 ( 

1 ( 

2 ( 

11 ( 

0 
3 ( 
8 ( 

0 

7 ( 

22.7) 

4.5) 
9.1) 

50.0) 

13.6) 
36.4) 

31.8) 

2 ( 

4 ( 
0 

5 ( 

0 
2 ( 
2 ( 

1 ( 

7 ( 

16.9) 

33.9) 

42.4) 

16.9) 
16.9) 

8.5) 

59.3) 

Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post -exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2 ,3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2,4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1, 2, 4 
only 

XV 1 
only 

i ( 

0 

0 

5 ( 

0 

0 
0 

1 ( 
0 

5 ( 

2 ( 

0 

0 

5. 

25. 

5. 

25 . 

10. 

• 1) 

4) 

1) 

9) 

4) 

0 

0 

0 

5 ( 23. 

3 ( 14. 

0 
0 
0 
1 ( 4. 

4 ( 19. 

0 

0 

0 

4) 

0) 

7) 

3) 

1 ( 

0 

0 

1 ( 

1 ( 

0 
0 
6 ( 
1 ( 

13 ( 

4 ( 

0 

0 

4.3) 

4.3) 

4.3) 

25.9) 
4.3) 

59. 1) 

18.2) 

2 ( 

0 

0 

2 ( 

0 

1 ( 
0 
2 ( 
0 

8 { 

3 ( 

0 

1 ( 

16.1) 

16.9) 

8.1) 

16. 1) 

67.8) 

25.4) 

8.5) 

17 
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and C8.6. Only four men showed clear 
evidence (Code I, 1) of old myocardial 
infarction. The expectation from the 
findings on U.S. railroad employees of 
the same age would be 7.18 cases but 
the difference is not significant; the 
numbers are so small that confidence 
limits are very wide. Similarly, the pre­
valence of S-T depression and of neg­
ative T waves in rest is less than 
among the U.S. railroad men of the 
same ages but the differences do not 
reach statistical significance. 

In regard to ECG items of less inter­
est in the present connection there 
were also no great differences between 
the railroad men in Rome and those in 
the United States. Left axis deviation 
(Code II, 1) was more common among 
the Romans but the difference is not 
statistically significant. No case of 
A-V block occurred in either group. 
Among 766 Romans not a single case 
of left bundle branch block (Code VII, 
1 ) was found while there were 12 cases 
among 2119 U.S. railroad employees 
(9 among 847 sedentary clerks) and 
this difference approaches statistical 
significance. 

The post-exercise records showed 18 
cases of S-T depression (Code XI, 
1, 2, 3) among men who did not have 
this finding at rest, thus bringing to 29 
the total number of men with S-T 
depression in either rest or post-exer­
cise. There were 5 men with T wave 
inversion (Code V, 1, 2) in rest and 
6 more were added post-exercise. Com­
pared with U.S. railroad employees, 
these results are not significantly 
different. 

pertension if a blood pressure of 95 mm. 
or more in diastole (fifth phase) is the 
criterion. This is to be compared with 
the rural samples in Italy — 2.9 per 
cent in Nicotera, 11.3 per cent in Mon-
tegiorgio, 23.5 per cent in Crevalcore. 
The prevalence of diastolic hyperten­
sion at different ages is shown in Table 
C8.7. 

The difference between the Rome 
railroad employees and the men at Cre­
valcore is highly significant; chi-square 
= 7.133 and p = less than 0.01. The 
prevalence rate for the Rome men is 
also substantially higher than the cor­
responding rates for the various classes 
of railroad employees in the United 
States. However, such comparisons 
must be made with reservations because 
the possibilities of considerable differ­
ences between observers cannot be 
ruled out (cf. Section B2, above). 

The distributions of the hypertensive 
Rome railroad men into their decile 
classes for relative body weight, 5 skin­
folds, and serum cholesterol concentra­
tion are shown in Figure C8.2. There is 
a marked tendency for hypertension to 
become more prevalent as the values 
for each of these other variables increa­
ses and this is most dramatic for rela­
tive body weight and 2 skinfolds. It is 
interesting to compare the prevalence of 
hypertension among men in the top 20 
per cent (deciles 9, 10) with those in 
the bottom 20 per cent (deciles 1, 2) of 
the distributions of each of these vari­
ables. For relative weight, these preva­
lences are 47.1 and 12.4 per cent, re­
spectively; for S skinfolds, the figures 
are 50.3 and 12.4; for serum cholesterol, 
41.1 and 20.3 per cent. All of these dif­
ferences are highly significant. 

Prevalence of Hypertension and Other 
Variables 

Men aged 40—59 employed by the 
Italian Railroad in Rome had a rather 
high prevalence, 29.2 per cent, of hy-

Overweight versus Other Variables 

Table C8.8 shows the prevalence of 
overweight by two criteria, among the 
men classed by age. Overweight was 
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T A B L E C8 . 7 

P r e v a l e n c e of d i a s t o l i c h y p e r t e n s i o n (95 o r m o r e , 100 o r m o r e m m Hg, fifth p h a s e ) 
a m o n g m e n c l a s s e d by a g e . P e r c e n t a g e among R o m e r a i l w a y m e n who a r e h y p e r t e n ­
s i v e , c o m p a r e d w i th t he a v e r a g e for a l l 18 s a m p l e s of m e n . 

S A M P L E 40 - 44 4 5 - 49 50 -54 55 -59 

9 5 m m 1 0 0 m m 9 5 m m 1 0 0 m m 9 5 m m 1 0 0 m m 9 5 m m 1 0 0 m m 

R o m e r a i l w a y m e n 2 5 . 4 

Mean , 18 s a m p l e s 13 .6 

T A B L E C8 . 8 

P r e v a l e n c e of o ve rwe igh t (110 o r m o r e and 120 o r m o r e p e r c en t of " s t a n d a r d " a v e r ­
age for h e igh t and a g e ) . P e r c e n t a g e of R o m e r a i lway m e n , c l a s s e d by a g e , who a r e 
o v e rwe igh t , c o m p a r e d w i th t h e a v e r a g e for a l l 18 s a m p l e s of m e n . 

S A M P L E 

15 . 7 

7 . 9 

3 2 . 6 

15 .6 

2 1 . 9 

8 . 9 

2 6 . 3 

20 . 9 

18. 5 

1 3 . 5 

3 5 . 5 

2 1 . 5 

2 5 . 0 

1 3 . 8 

R o m e r a i lway m e n 4 5 . 2 

M e a n , 18 s a m p l e s 20 . 9 

4 0 - 44 
110% 120% 

4 5 . 2 2 5 . 4 

2 0 . 9 8 .4 

4 5 -49 
110% 120% 

4 7 . 0 2 4 . 2 

19 . 4 6 . 9 

50 -54 
110% 120% 

4 1 . 1 17 .7 

1 8 . 1 6 . 7 

55-
110% 

4 4 . 4 

1 6 . 8 

-59 
120% 

21.0 

7 . 3 
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common among the Rome railroad men. 
Taking 110 per cent or more of the aver­
age body weight for men of the same 
height and age in the Medico-Actuarial 
Investigations as the criterion, 23.3 per 
cent of the railroad men in Rome were 
overweight. This is to be compared with 
the samples of men of the same age in 
rural Italy — 18.1 per cent overweight 
in Nicotera, 20.7 per cent in Montegior-
gio, 34.4 per cent in Crevalcore. Among 
the samples of U.S. railroad employees 
the prevalence of this degree of over­
weight ranges from 26 to 37 per cent 
in the several occupations. 

The difference in prevalence of over­
weight between the Rome men and 
those in Crevalcore is highly significant 
but there is no significant difference in 
the comparison with Montegiorgio (chi-
square = 1.278). The prevalence of 
overweight is significantly lower in Nic­
otera than among the Romans; chi-
square = 4.446, p = about 0.04. 

The distributions of these overweight 
railroad men in Rome into their decile 
classes for serum cholesterol and blood 
pressure are shown in Figure C8.3. 
Prevalence of overweight rises marked­
ly with increasing values of these vari­
ables. The men with the highest serum 
cholesterol values (decile 10) have an 
overweight prevalence of 67 per cent; 
there is only 4 per cent overweight 
prevalence in the lowest cholesterol 
class; the corresponding figures for men 
classed by diastolic blood pressure are 
59 and 3 per cent; among men in decile 
10 in systolic pressure, 57 per cent are 
overweight but in decile 1 the figure is 
6.5 per cent. The graphs in Figure C8.3 
suggest that the relationships of the 
prevalence of overweight to the other 
variables are curvilinear upward. 

Men in Rome Proper and Men 
Outside the City 

A comparison between the railroad 
men in Rome itself and those stationed 

outside the city is, in effect a compari­
son between men in a great metropolis 
and men in the same jobs in small 
towns. Table C8.9 makes this compari­
son in terms of the number of men in 
each of the four occupations above and 
below the age-specific median of all 
Rome railroad men for each of six vari­
ables. 

Among the 24 comparisons between 
men in the same occupation but working 
in Rome proper or outside the city, only 
two show statistically significant differ­
ences and these both concern body fat­
ness. Switchmen outside Rome tend to 
be more often in the below-median class 
than expected — 23 cases observed, 
17.2 expected — and the difference has 
chi-square = 4.41 (p = less than 0.05). 
Maintenance of way men show the 
same trend more markedly — 38 men 
below, 7 above the relative weight med­
ian — with chi-square = 7.96 (p = 
less than 0.01). These men tend to be 
the thinnest of all men in Rome but 
their counterparts outside the city are 
even thinner. 

In one other variable maintenance of 
way men outside Rome tend to differ 
from their counterparts in Rome; out­
side Rome 30 of them are below and 
only 15 above the median, the number 
expected from the distribution of all 
maintenance of way men being 24.0. 
The difference has chi-square = 3.40 
and p = less than 0.07. 

Comparisons Between Occupations 

The clerks clearly tend to be more 
often overweight and fat than the men 
in the other occupations and this is true 
both in Rome proper and outside the 
city. They also tend to be in the above-
median class in both locations in all the 
other variables except serum cholesterol 
in the small group of clerks outside 
Rome. The maintenance of way men 
tend to be distinguished from the rest 
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T A B L E C 8 . 9 

N u m b e r s of R o m e Ra i lway m e n above and b e l ow a g e - s p e c i f i c m e d i a n s f o r a l l m e n , 
by o c cupa t i on a nd l o c a t i o n . Occupa t i on s a r e C l e r k s (CL ) , S w i t c h m e n (SW), 
M a i n t e n a n c e of Way m e n (MW) and E l e c t r i c i a n s ( E L ) . 

R O M E P R O P E R OUTSIDE R O M E P R O P E R 
Dec i l e N CL SW MW E L CL SW MW E L 

2 SKINFOLDS 
1-5 380 16 
6 -10 379 44 

RELATIVE BODY WEIGHT 
1-5 380 24 
6 - 10 381 36 

42 
46 

44 
45 

SYSTOLIC BLOOD PRESSURE 
1-5 382 30 
6 -10 379 30 

49 
40 

DIASTOLIC BLOOD PRESSURE 
1-5 380 29 
6 - 10 381 31 

SERUM CHOLESTEROL 
1-5 383 24 
6 -10 374 35 

STANDING HEIGHT 
1-5 381 16 
6 - 10 380 4 4 

50 
39 

43 
44 

63 
26 

36 
20 

31 
25 

25 
31 

27 
29 

32 
24 

34 
22 

* 
58 
70 

64 
64 

70 
58 

58 
70 

62 
66 

58 
70 

27 
78 

44 
61 

47 
58 

40 
65 

53 
52 

38 
67 

44 
28 

40 
33 

38 
35 

47 
26 

43 
30 

48 
25 

115 
60 

95 
80 

87 
88 

96 
79 

97 
78 

95 
80 

42 
33 

38 
37 

36 
39 

33 
42 

29 
45 

29 
46 
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of the railroad employees in being un­
derweight, thin, and having low cho­
lesterol values; they are not significant­
ly different in regard to blood pressure. 
In regard to height, the maintenance of 
way men tend to be a little taller than 
the switchmen but shorter than the 
clerks and the electricians. 

For estimation of probabilities of dif­
ferences between occupations it seems 
reasonable to compare all clerks with 
all switchmen and electricians, ignoring 
location. Comparisons of the number of 
men in these two occupational catego­
ries found to be above and below the 
age-specific medians are summarized 
for six variables in Table O8.10. 

There are no significant differences 
in systolic blood pressure or serum cho­
lesterol but there are significant differ­
ences in all of the other variables. The 
most striking findings are the tenden­
cies of the clerks to be fatter and taller 
than the switchmen and electricians. It 
is interesting that the difference in rela­
tive body weight is barely significant 
(p = 0.05) in spite of the sharp differ­
ence in body fatness. The bodies of 
the switchmen and electricians must 
have much more bone and muscle than 
those of the clerks. 

At all ages the maintenance of way 
men are thinner than the men in any of 
the other occupations, the average 2 
skinfolds being 23.7 mm., S.E. = ±0.7, 
compared with the next thinnest men, 
the switchmen, whose average was 25.5 
±0.8 mm. But in relative body weight 
the order of these two groups is re­
versed, the averages being 106.6 ± 1 . 0 
per cent for maintenance of way men 
and 105.5 ± 1.2 for switchmen. This 
suggests that the switchmen are less 
muscular than the men who maintain 
the roadbed. 

In several respects the clerks and 
electricians, on the one hand, tend to 
differ from the switchmen and mainten­
ance of way men on the other. The 
men in the former group tend to be rel­

atively heavier, fatter, have higher 
blood pressures and serum cholesterol 
values. For example, the mean (and 
S.E.) values, ages 40—59, for serum 
cholesterol are 208.9 ± 3.3 and 213.5 
± 2.8 mg. per 100 ml. for clerks and 
electricians, respectively; the corres­
ponding values for switchmen and 
maintenance of way men are 202.3 ± 
3.1 and 202.7 ± 2.5, respectively. In 
the standard excercise test the recovery 
pulse rate, too, seemed to differentiate 
the occupations in the same way; aver­
ages being 106.6 ± 1.1 and 100.9 
± 1.1 beats per minute for clerks and 
electricians, respectively, and 96.8 ± 
1.2 and 96.3 ± 1 . 0 for switchmen and 
maintenance of way men, respectively. 

Salary Differences 

The salaries of the Rome railroad 
employees in the occupations covered 
in the present study are highest for the 
station masters and lowest for the main­
tenance of way men, the lowest paid of 
the latter having only about 56 per cent 
of the salary of the most highly paid 
station masters. But in general, the 
salary differentials are not very large. 
Roughly, the pay of the maintenance 
of way men averages around two-thirds 
that of the station masters, the corres­
ponding figures for the switchmen and 
electricians being more like three-
fourths of the station masters' salaries. 

Such differentials are not enough to 
mean that the men in the different occu­
pations are grossly different in econo­
mic status. But costs of living have been 
rising in Italy and the margin between 
bare necessity and actual income is cer­
tainly substantially larger for the sta­
tion masters than for the other em­
ployees and they also have a higher so­
cial status. As in other samples, socio­
economic status tends to be inversely 
correlated with the physical activity on 
the job. 
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TABLE C8.10 

Number of c le rks compared with switchmen plus e lec t r ic ians (SW + EL) in the 
distribution above and below (HIGH and LOW, respectively) the age-specific 
medians of six measured var iables of all Rome r a i l road men. O = observed, 
E = expected, Chi-Square values (one degree of freedom) calculated from all 
four cells of the 2 x 2 t ab les . 

VARIABLE 

S Skinfolds 

Relative Wt. 

Systolic B . P . 

Diastolic B . P . 

Serum Cholesterol 

Height 

OCCUPATION 

Clerk 
SW + EL 
Clerk 

SW + EL 
Clerk 

SW + EL 
Clerk 

SW + EL 
Clerk 

SW + EL 
Clerk 

SW + EL 

LOW HIGH 
O 
43 

186 
68 

186 
76 

193 
69 

188 
77 

175 
53 

198 

E 
71.6 

157.4 

79.1 
174.9 
83.7 

185.3 
80.0 

177.0 

78.9 
173. 1 
78.1 

172.9 

O 
122 
177 
97 

179 
89 

172 
96 

177 
87 

185 
112 
167 

E 
93.4 

205.6 

85.9 
190. 1 
81.3 

179.7 
85.0 

188.0 

85. 1 

186.9 
86.9 

192.1 

CHI-SQUARE 

28.21 

3.96 

3.89 

21.36 
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Summary 

In the equivalent of a railroad divi­
sion centered at Rome, Italy, 806 men 
aged 40—59, long-time employees of 
the Italian railroad system, were exam­
ined. Of these men 22.5 per cent were 
clerks, 22.2 per cent switchmen, 27.8 
per cent electricians and 27.5 per cent 
maintenance of way men. The clerks 
are relatively sedentary, the mainte­
nance of way men generally do heavy 
physical work, and the switchmen and 
electricians tend to be intermediate in 
physical activity. 

Compared with the average of all 
men in the samples in these studies, 
these men tended to be slightly shorter, 
to have greater relative body weights, 
somewhat higher blood pressures, and 
to be much fatter; they corresponded 
closely to the general average for serum 
cholesterol. Compared with the men in 
the three samples in rural Italy, the 
Rome railroad men were much fatter, 
more often overweight, and had higher 
serum cholesterol values. 

Most of these men smoked cigarettes, 
with little difference among occupa­
tions. The non-smokers among them 
tended to be relatively heavier and fat­
ter and to have higher blood pressures 
than the smokers. 

The frequency of electrocardiograph­
ic abnormalities in the Rome sample 
is a little lower than in the U.S. railroad 
samples, but the difference is not sta­
tistically significant. 

The prevalence of hypertension 
among these Romans was much higher 
than in the rural Italian samples and 
was relatively high by any criterion. 
There was a marked tendency for the 

prevalence of hypertension to rise with 
increasing relative weight and 5 skin­
folds; there was a similar but less strik­
ing relationship to serum cholesterol 
concentration. 

Overweight was common among these 
Romans but the prevalence was not 
as high as in one of the rural samples 
of Italy. The prevalence of overweight 
rose greatly with increasing blood pres­
sure and serum cholesterol values. 

Comparison of the men in Rome prop­
er and those stationed elsewhere in the 
area showed a significant difference 
only in respect to body fat; the men in 
Rome itself tended to be fatter than 
the men outside the city. 

Comparisons between occupations 
within the railroad industry showed the 
clerks to have the highest values for 
relative body weight, 2 skinfolds, and 
blood pressure, being followed next by 
the electricians in these variables. In 
serum cholesterol, the electricians were 
highest, with the clerks second. In all 
of these variables the switchmen and 
maintenance of way men were similar. 
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C9. M E N IN VELIKA K R S N A , A S E R B I A N VILLAGE 

by Bozidar S. Djordjevic (Belgrade), Vladan Josipovic (Belgrade), Scecko 
I. Nedelkovic (Belgrade), Toma Straser (Belgrade), Vladimir Stavkovic 
(Belgrade), Bozidar Simic (Belgrade), Ancel Keys (Minneapolis) and 

Henry Blackburn (Minneapolis) 

Introduction 

During the survey of the rural men in 
Corfu, in 1961, representatives of the 
Faculty of Medicine of Belgrade Uni­
versity acted as observers. On their re­
turn to Yugoslavia interest developed 
in conducting parallel studies in Serbia 
with identical methods and arrange­
ments to this end were made which, in 
effect, brought the Belgrade team into 
the program of cooperative studies re­
ported here. 

Velika Krsna, a village south of 
Belgrade, was selected to initiate the 
program in Serbia. Velika Krsna was 
chosen because the size of the popula­
tion is suitable, it is within easy access 
by automobile from Belgrade and yet it 
is relatively isolated and untouched by 
industry and tends to remain a typical 
Serbian farming village of the older 
type. The plan was to organize a paral­
lel study in another area of Serbia 
where the more primitive form of agri­
culture is giving way to a state-planned 
development of light industry. This sec­
ond study is, in fact, now in operation 
at Zrenjanin, north of Belgrade, but the 
data from the initial examinations be­
came available too late to be included 
in the present report. 

As elsewhere in Yugoslavia, registry 
of the population is an important fea­
ture of the political and economic organ­
ization so it was not difficult to com­
pile a roster of all men aged 40 through 
59. Among a total of 571 men in the 
roster, 552 (or 96.7 per cent) were 
examined in the fall of 1962. During 
the examinations and the subsequent 
analysis of the data some cases of error 
in age were discovered and the number 
of men whose data are here reported is 
510. 

Among these men, the percentages in 
the age classes 40—44, 45—49, 50—54 
and 55—59 were, respectively, 26.7, 
15.8, 26.5 and 31.0. The peculiarity of 
this age structure, with an excess in the 
oldest class and a marked shortage of 
men aged 45—49, is not easily ex­
plained. The loss of men in World W a r 
II should have been greatest among the 
youngest men, those aged 17—22 at the 
start and 22—27 at the end of the war 
in their country. After the war, migra­
tion of Velika Krsna men to nearby 
Belgrade and other industrial centers 
should also be expected to involve the 
younger more than the older men. 
While these considerations make it 
understandable that the oldest men 
were the most numerous in 1962. the 
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disproportions between the numbers in 
the 40—44 and 45—49 year-old classes 
is unexplained. 

The identity of methods and criteria 
at Velika Krsna with those in the other 
studies in this cooperative program was 
assured by the experience of Professor 
B. S. Djordjevic and Dr. V . Josi-
povic in the survey at Corfu in 1961 
and by the presence, at the start of the 
work at Velika Krsna, of Professor An-
eel Keys and Dr. Henry Blackburn of 
Minneapolis and Dr. Gunnar Blomqvist 
of Stockholm. 

Distribution of Measured Variables 

Table C9.1 gives the median values, 
by age, of relative body weight, the sum 
of the skinfolds (over the triceps muscle 
and over the scapula), systolic and dia­
stolic (fifth phase) blood pressure, and 
serum cholesterol concentration. The 
table also expresses these values as per­
centages of the averages of the medians 
of all men of corresponding age in the 
18 samples in the present cooperative 
study. 

In height, the Velika Krsna men 
show the usual slight age trend and 
correspond closely to the average for all 
samples. In relative body weight they 
also show a slight age trend but they 
are relatively seldom overweight at any 
age. This is understandable in view of 
the fact that they tend to be definitely 
thin. The median sum of skinfolds is 
only 13 mm. in the three younger age 
classes and only 12 mm. at ages 55—59. 
After allowing for the relatively invari­
able thickness of the true skin, the meas­
urements indicate a median value for 
subcutaneous fat thickness of only 3 to 
4 mm. This may be compared, for 
example, with the corresponding value 
for 13 to 14 mm. for U.S. railway clerks 
who are, in this sense about four times 
(i. e. 400 per cent) fatter than the men 
of Velika Krsna. The blood pressure 

shows a slight tendency to rise with age 
but in general the blood pressure is low­
er than the average of all the men in 
18 samples and this difference is most 
pronounced at the oldest age. 

Serum cholesterol concentration at 
Velika Krsna shows no age trend in 
these ages and is remarkably lower than 
even in the Japanese men at Tanu-
shimaru but not quite as low as in the 
fishermen at Ushibuka, Japan. 

Cumulative frequency distributions of 
these variables, on a probability scale, 
are shown in Figure C9.1. Departure 
from the straight line of a normal distri­
bution on this scale is, as in other sam­
ples, notable in the distribution of the 
sum of the skinfolds. Height is normally 
distributed and the other variables are 
not grossly non-Gaussian in distribu­
tion. The details of these distributions 
are given in tables in the Appendix. 

Smoking Habits 

In Velika Krsna fewer men (48.3 per 
cent) smoke cigarettes, and more men 
had never smoked (40.9 per cent) than 
in any of the other samples in the pre­
sent cooperative study. Only 13.6 per 
cent of the Velika Krsna men were 
heavy smokers, i. e. 20 or more ciga­
rettes daily. In the percentage of men 
who never smoked the nearest appro­
aches to Velika Krsna are Dalmatia 
(30.0), U.S. sedentary clerks (27.2) 
and Slavonia (26.4 per cent); it is not­
able that all three of the Yugoslav 
samples are in the list of the four sampl­
es with the largest proportion of men 
who had never smoked. The distri­
bution, by age, of the men according to 
smoking habits is given in Table C9.2. 

Some relationships between smoking 
habits and other variables are summa­
rized in Table C9.3 which shows the 
number of men above and below the 
age-specific medians of the indicated 
variables for all Velika Krsna men. As 
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T A B L E C9 . 1 

M e d i a r r f o r m e n a t Ve l i ka K r s n a and t h e s e v a l u e s e x p r e s s e d a s p e r c e n t a g e of t he 
a v e r a g e of t h e m e d i a n s for m e n in a l l s a m p l e s . 

VARIABLE 

He igh t , c m . 
R e l a t i v e Weigh t 
2 Sk in fo lds , m m . 
S y s t o l i c B . P . , m m . 
D i a s t o l i c B . P . , m m , 
S e r u m Cho l . , m g . % 

4 0 - 4 4 

171 
89 
13 

124 
. 78 

154 

MEDIAN 
4 5 - 4 9 

170 
88 
13 

128 
80 

157 

5 0 - 54 

16 8 
88 
13 

130 
80 

159 

55 -59 

168 
86 
12 

130 
80 

155 

MEDIAN AS l 

4 0 - 4 4 

100 .7 
9 0 . 7 
6 1 . 3 
94. 7 
96 . 3 
7 4 . 6 

4 5 - 49 

100. 5 
9 1 . 5 
6 3 . 7 
9 6 . 2 
9 8 . 3 
75 . 7 

% O F A V E R A G E 
50 -54 

9 9 . 8 
9 2 . 4 
6 2 . 8 
9 4 . 9 
9 5 . 9 
76 . 1 

55 -59 

100 .2 
9 1 . 4 
6 0 . 3 
9 2 . 5 
9 4 . 9 
7 5 . 0 

TABLE C9. 2 

C iga r e t t e smoking h ab i t s of m e n of Vel ika K r s n a . P e r c e n t a g e of m e n who n eve r 
smoked , who had s topped, who smoked 1-9, 10-19, 20 o r m o r e c i g a r e t t e s dai ly 
at the t ime of t h e i r examina t ion . 

SAMPLE AGE 

Vel ika K r s n a 40 -44 
45 -49 

" 50-54 
" 55 -59 

NEVER 

4 0 . 5 
4 3 . 3 
37 .0 
4 3 . 5 

QUIT 

11 .0 
8 .6 

11 .9 
10 .9 

1-9 

5. 1 
11 . 1 
11 . 1 
10. 3 

10-19 

29 .4 
16 .0 
27 . 4 
2 5 . 0 

20 OR MORE 

14.0 
21 .0 
12 .6 
10. 3 

40 -59 4 0 . 9 10 .8 9 . 3 25 . 4 13 .6 

TABLE C 9 . 3 

Smoking. Number of m e n in Velika K r s n a , Yugoslavia below (LOW) and above (HIGH) 
the a ge - spec i f i c m e d i a n s , for age and a r e a , of m e a s u r e d v a r i a b l e s , c l a s s ed accord ing 
to smoking h ab i t s . HEAVY = 20 o r m o r e , OTHER = 1 - 1 9 c i g a r e t t e s da i ly . 

VARIABLE SAMPLE NON-SMOKERS HEAVY OTHER 
LOW HIGH LOW HIGH LOW HIGH 

Re la t ive Weight 

2 Skinfolds 

Systol ic B . P . 

D ias to l i c B . P . 

S e r um Cho le s t e i •ol 

Vel ika K r s n a 119 

11 112 

" 126 

" 118 

" 144 

144 

151 

137 

145 

119 

33 

31 

33 

31 

29 

35 

37 

36 

37 

40 

101 

110 

94 

103 

81 

75 

66 

82 

73 

95 
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in other samples of middle-aged men in 
these studies, non-smokers at Velika 
Krsna tend to differ from smokers in 
being more often relatively overweight 
and fat. The non-smokers also tend to 
have higher blood pressures than the 
smokers. 

Serum cholesterol concentration seems 
to have a relationship to smoking habits 
according to the data in Table C9.3. 
However, there is a curious discrepancy 
in regard to serum cholesterol between 
men at Velika Krsna who never smoked 
and those who stopped smoking which 
is concealed in Table C9.3. Among 
"never" smokers, 121 men had cholester­
ol values below the cholesterol median 
while only 87 men were above that med­
ian. The corresponding distribution of 
stopped smokers is 23 men below and 
32 above the median. The discrepancy 
between numbers of never smokers 
above and below the median is highly 
significant (chi-square = 5.23, p = 
0.02) and, of course, the difference 
between never and stopped smokers is 
even less possible to ascribe to chance. 
No such difference between never and 
stopped smokers is found in regard to 
the other variables at Velika Krsna nor, 
in fact, in any of the other areas stud­
ied. A more general discussion of smok­
ing habits and other variables is given 
in Section F, below. 

Electrocardiographic Findings 

Tables C9.4 and C9.5 summarize the 
electrocardiographic findings at Velika 
Krsna. Five records showed the major 
Q wave picture (Code I, 1) considered 
to represent definite old myocardial in­
farction. The prevalence of 9.8 per 
thousand for this finding is relatively 
high but, in contrast, among the Velika 
Krsna men the prevalence of S-T and 
T wave abnormalities is very low as 
are, in fact, any other serious abnor­
malities. Furthermore, the exercise tests 

produced a very small yield of addition­
al ECG abnormalities — only one case 
of S-T depression and no negative T 
waves larger than 1 mm. 

At Velika Krsna the most common 
ECG abnormality was high amplitude 
R waves, left type (Code III, 1). The 
frequency, however, is not surprising in 
these thin men, most of whom do heavy 
physical work. If these high R waves 
are discounted, the total frequency of 
significant ECG findings is extremely 
low at Velika Krsna. 

The Prevalence of Hypertension 

The data on prevalence of hyperten­
sion are summarized in Table C9.6. The 
prevalence of hypertension is low at 
Velika Krsna by any criterion — systol­
ic pressure 140 mm. Hg or more, or 
160 or more, diastolic pressure of 95 or 
more, or 100 or more. At all ages and 
with either systolic pressure criterion 
the men of Velika Krsna consistently 
exhibited a lower frequency of hyper­
tension than the men in any of the other 
samples in these studies. For all ages 
40—59 only 6.5 per cent has systolic 
pressures of 160 or more; only 5.3 per 
cent had diastolic pressures of 100 or 
more. 

The prevalence of hypertension rose 
with age as expected. Using 95 mm. or 
more in diastole as the criterion, hyper­
tension was 51 per cent more common 
at ages 55—59 than at ages 40—44. 
The distributions of these hypertensive 
men into the decile classes, for their 
ages, of relative body weight, the sum 
of the skinfolds, and serum cholesterol 
are shown in Figure C9.2. 

In these figures the absence of rela­
tionships between hypertension and the 
other variables would be indicated by 
points randomly distributed about a 
horizontal trend line. These graphs do, 
in fact, correspond to the picture of lack 
of relationship for the sum of the skin-
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TABLE C 9 . 4 

VELIKA KRSNA (SERBIA) YUGOSLAVIA 

FREQUENCY OF RESTING ELECTROCARDIOGRAPHIC FINDINGS 
(Rate p e r 1, 000 men in p a r e n t h e s e s ) 

AGE GROUP 
(Number of Men) 

ECG FINDING C 
To ta l wi th r e p o r t a b l e 

ECG I t ems I 

Q Waves I 

IX 

1 
2 
3 

Axis Dev ia t ion II 
Left 
Right 

High Ampl i tude R Waves III 
Left t ype 
Right type 

S -T D e p r e s s i o n ( r e s t ) IV 
S -T - J 1 m m . o r m o r e , h o r i z . 

o r downward s e gmen t 
S -T - J 0. 5 - 1 m m . , h o r i z . o r 

downward s e gmen t 
No S - T - J p lus s e gmen t downward 
S -T - J 1 m m . o r m o r e , u pwa rd 

s e gmen t 

T -Wave Negat iv i ty ( r e s t ) V 
- 5 m m . o r m o r e 
- 1 m m . to -5 m m . 
0 + l . m m . 

A -V Conduct ion Defect VI 
Comp le t e Block 
P a r t i a l Block 
P - R ove r 0 . 2 1 s econd 
A c c e l e r a t e d Conduct ion 

V e n t r i c u l a r B locks VII 
Left Bundle 
Right Bundle 
I n comp le t e Right Bundle 
I n t r a v e n t r i c u l a r Block 

A r r h y t h m i a s VIII 
P r e m a t u r e Bea t s 
V e n t r i c u l a r t a c h y c a r d i a 
A t r i a l f i b r i l l a t ion , f l u t t e r 
S u p r a - v e n t . t a c h y c a r d i a 
V en t r i c u l a r r h y t hm 
A -V nodal r h y t h m 
Sinus t a c hyc a r d i a 
Sinus b r a d y c a r d i a 

40 -44 
(136) 

45-49 
( 82) 

50-54 
(135) 

1 ( 7 .4) 
3 ( 22 .0 ) 

1 ( 12 .2) 
0 

2 ( 14. 8) 
1 ( V. 4) 
0 

6 ( 44 . 1) 1 ( 12 .2) 4 ( 2 9 . 6 ) 
0 0 0 

11 ( 80 .9 ) 11 (134. 1) 22 ( 163 .0 ) 
0 0 0 

55 -59 
(157) 

4 7 ( 3 4 5 . 6 ) 3 2 ( 3 9 0 . 2 ) 6 4 ( 4 7 4 . 1 ) 6 1 ( 3 8 8 . 5 ) 

3 ( 19. 1) 
2 ( 12 .7) 
1 ( 6 .4) 

6 ( 38 .2 ) 
0 

18 ( 114 .6 ) 
0 

1 ( 6 .4) 

2 
3 

4 

1 ( 
0 

0 

7 .4) 0 
1 ( 12 .2) 

1 ( 12 .2 ) 

4 ( 
0 

0 

2 9 . 6 ) 0 

1 ( 

0 

6 .4 ) 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 
6 
7 
8 

0 
0 
2 ( 

0 
0 
0 
0 

0 
0 

1 ( 
0 

0 
0 
0 
0 
0 
0 
3 ( 
1 ( 

14. 

7. 

22 . 
7. 

7) 

4) 

0) 
4) 

0 
0 
2 ( 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
2 ( 
0 
0 
0 

1 ( 
1 ( 

24. 

24. 

12. 
12. 

• 4 ) 

4) 

2) 
2) 

0 
2 ( 
4 ( 

0 
0 
0 
0 

0 
0 
2 ( 
0 

2 ( 
0 
0 

1 ( 
0 

1 ( 
3 ( 
3 ( 

14. 8) 
2 9 . 6 ) 

14. 8) 

14. 8) 

7 .4 ) 

7 . 4 ) 
2 2 . 2 ) 
22 .2 ) 

0 
2 ( 
4 ( 

0 
0 

1 ( 
0 

2 ( 
4 ( 
0 
0 

4 ( 
0 
2 ( 
0 
0 
0 
1 ( 
1 ( 

12 .7 ) 
25 . 5) 

6 .4 ) 

12 .7 ) 
25 . 5 ) 

25 . 5 ) 

12 .7 ) 

6 .4 ) 
6 . 4 

Techn ica l ly poor r e c o r d s IX 1 ( 7 .4) 
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ECG 
Code 
X 1 
X 2 

XI 

40-44 
(136) 

0 

45-49 
( 82) 

0 

50-54 
(133) 

2 ( 14.8) 

55-59 
(157) 

0 

TABLE C9.5 

VELIKA KRSNA (SERBIA) YUGOSLAVIA 

FREQUENCY OF POST-EXERCISE ELECTROCARDIOGRAPHIC FINDINGS 
(Rate per 1, 000 men in parentheses) 

AGE GROUP 
(Number of Men) 

ECG FINDING 
Exercise tests not made or 

incomplete 
S-T Depression post-exercise 

(none at rest) 
S-T - J 1 mm, or more , horiz, 

or downward segment 
S-T - J 0 ,5 - 1 mm . , horiz, or 

downward segment 
No S-T-J plus segment downward 
S-T - J 1 mm, or more, upward 

segment 
T Wave Negativity post-exercise 

(none at rest) 
-5 mm. or more 
-1 to -5 mm, 
0 Jh 1 mm. 

Arrhythmias post-exercise 
(none at rest) 

Technically poor post-exercise 
records 

1 ( 7.4) 

XII 

XV 

X I 

2 
3 

4 

1 
2 
3 

1 

8 

0 
0 

1 ( 

0 
0 
0 

1 ( 

1 ( 

7.4) 

7.4) 

7.4) 

0 
0 

1 ( 

0 
0 
0 

2 ( 

1 ( 

12.2) 

24.4) 

12.2) 

0 
0 

3 ( 

0 
0 
2 ( 

1 ( 

2 ( 

22.6) 

15.0) 

7.4) 

15.0) 

0 
0 

5 ( 

0 
0 
1 ( 

11 ( 

4 ( 

31.8) 

6.4) 

70. 1) 

25.5) 

FREQUENCY OF CERTAIN ECG FINDINGS AND COMBINATIONS OF CLINICAL IMPORT 
At Rest 
Large Q Waves 
Lesser Q Waves 

with Negative T Waves 
Deeply Negative T as sole 

anomaly 
Other Negative T as sole 

anomaly 
S-T Depression as sole 

anomaly 
High Amplitude R 

with S-T Depression 
Complete Heart Block 
Ventricular Conduction Defect 
Arrhythmias 

Post-exercise 
S-T Depression as sole 

anomaly 
Negative T as sole 

anomaly 
Ventricular Conduction Defect as 

sole anomaly 
Arrhythmias 

as sole anomaly 

I 1 
I 2, 3 + 
V 1,2 
V 1 

only 
V 2, 3 

only 
IV 1-4 

only 
III 1 + 
IV 1-4 
VI 1 
VII 1,2, 4 
VIII 2-6 

XI 1-4 
only 

XII 1-3 
only 

XIV 1,2,4 
only 

XV 1 
only 

0 

0 

0 

0 

0 

0 
0 
0 
0 

1 ( 

0 

0 

1 ( 

7.4) 

7.4) 

0 

0 

0 

0 

1 ( 

1 ( 
0 
0 
2 ( 

1 ( 

0 

0 

1 ( 

12.2) 

12.2) 

24.4) 

12.2) 

12.2) 

2 ( 

0 

0 

0 

0 

3 
0 
0 
2 ( 

3 ( 

2 ( 

0 

1 ( 

14. 

14. 

22 . 

15. 

7. 

.8) 

8) 

6) 

0) 

5) 

3 ( 

0 

0 

0 

0 

2 ( 
0 
6 ( 
2 ( 

1 ( 

0 

0 

7 ( 

19. 1) 

12.7) 

38.2) 
12.7) 

25.5) 

44.6) 

18 
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TABLE C9 . 6 

P r e v a l e n c e of h ype r t en s i on and overweigh t among m e n in Vel ika K r s n a , Yugos lav ia . 
P e r c e n t a g e s of m e n c l a s s e d by c r i t e r i a : Sys to l ic B . P . 140 or m o r e and 160 or m o r e ; 
D ias to l i c B . P . 95 or m o r e and 100 or m o r e m m . Hg; Re la t ive body weight 110 o r 
m o r e and 120 o r m o r e p e r - c en t . 

SAMPLE 

Vel ika K r s n a 

AGE 

40-44 
45 -49 
50-54 
55-59 

NO. 
MEN 

136 
82 

135 
158 

SYSTOLIC 
140 160 

11 .8 1.5 
2 3 . 2 3 . 7 
28 . 1 8. 1 
4 0 . 5 10 .8 

DIASTOLIC 
95 

8 .8 
9 . 8 

11 .9 
13 .3 

100 

3 .7 
3 .7 
5 .2 
7 .6 

OVER-V 
10% 

9.6 
9 . 8 
4 . 4 
3 .8 

fEIGh 
20% 

2 . 2 
2 . 4 
1.5 
1.3 
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VEUKA KRSNA (SERBIA) YUGOSLAVIA 
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VELIKA KRSNA (SERBIA) YUGOSLAVIA 

3 4 5 6 7 8 
DECILE CLASS 

Figure C9. 3 
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folds and serum cholesterol. For rela­
tive body weight it appears that hyper­
tension is unduly common in the top 
deciles, i. e. among the men in the top 
20 or top 10 per cent of the relative 
weight distribution. 

Prevalence of Overweight 

It was noted above that the men of 
Velika Krsna tend to have low relative 
body weights. However, there are some 
cases of overweight in that sample. The 
data are shown in Table C9.6. If 110 
or more per cent of the "standard" aver­
age body weight for height and age is 
the criterion, only 4.8 per cent of Velika 
Krsna men are overweight. The distri­
butions of the overweight men, with rel­
ative body weight of 110 or more per 
cent, into the decile classes, for their 
ages, of serum cholesterol and blood 
pressure are shown in Figure C9.3. 

Obviously, there is a definite trend 
for the prevalence of overweight to 
increase with increasing values of all 
three of these other variables. The 
numbers are small but the trends seem 
to be roughly linear. 

Summary 

In the fall of 1962 a study was made 
of 552 men aged 40—59 in the Serbian 
farming village of Velika Krsna. Meth­
ods and criteria were identical with 
those in the other surveys in the co­
operative studies reported in this mono­
graph. The men examined represented 
96.7 per cent of all men of these ages 
in Velika Krsna. 

Data are presented on height, relative 
body weight, body fatness (sum of 
skinfold thicknesses over the triceps 

muscle and over the tip of the scapula), 
smoking habits and electrocardiographic 
findings on 510 men. Compared with 
the averages for all samples of men in 
these studies, the men of Velika Krsna 
are of medium height, relatively under­
weight, markedly thin, seldom hyper­
tensive and have strikingly low serum 
cholesterol concentrations. Apart from 
5 men with old myocardial infarction, 
electrocardiographic abnormalities were 
relatively uncommon at Velika Krsna. 

Smoking is less common at Velika 
Krsna than in the other samples. Com­
pared with smokers, the non-smokers at 
Velika Krsna have higher relative body 
weights and thicker skinfolds and tend 
to have higher blood pressures. 

Hypertension at Velika Krsna shows 
little relationship to body fatness or 
serum cholesterol but is most common 
among men in the top 20 per cent of 
the relative body weight distribution. 
Overweight is rare in Velika Krsna. 
The prevalence of overweight increases 
with increasing serum cholesterol and 
with increasing blood pressure. 
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D . P H Y S I C A L ACTIVITY, OCCUPATION A N D SOCIO­
ECONOMIC S T A T U S 

Introduction 

In many populations where there are 
large socio-economic differences be­
tween classes, coronary heart disease is 
reported to be much less common in the 
laboring class than in the middle and 
upper classes. Though most of these 
reports suffer from defects of sampling 
and many of them raise questions about 
criteria, a real difference in susceptibil­
ity can scarcely be doubted. Because 
this contrast in susceptibility between 
socio-economic classes is commonly 
associated with obvious differences in 
the average level of physical activity, it 
is tempting to conclude a cause and 
effect relationship. 

But in these populations the socio­
economic classes also differ in many 
other respects — differences in the in­
cidence of infectious and parasitic dis­
eases, in housing and exposure to 
thermal stresses, in medical care, in the 
quantity and character of the diet, and 
often in the use of alcohol and tobacco. 
Even differences in emotional status 
and "stress" may be suggested, though 
this is only speculation. 

In Great Britain, where such socio­
economic differences are less extreme 
but not negligible, an important etiolog­
ical role of physical activity per se has 
been proposed on the basis of statistical 
studies of mortality records and autop­

sy reports (Morris, et al., 1953; Mor­
ris and Crawford 1958; Morris, 1962). 
Some evidence in apparent confirmation 
has been reported from elsewhere. 
Physicians' reports in one study in the 
U.S.A. indicated that sedentary towns­
men are more prone to myocardial in­
farction than farmers who are more ac­
tive physically (Zukel, et al., 1959). In 
a cross-sectional survey in rural Finland 
it was found that lumberjacks, who do 
very heavy physical work, have fewer 
abnormal electrocardiograms than other 
Finnish men of the same age (Karvo-
nen, er al., 1961 ). 

However, many studies in countries 
where socio-economic contrasts are not 
extreme have produced equivocal or 
even contradictory results (Chapman, 
et al., 1957; Spain and Bradess, 1957; 
Forssman and Lindegaard, 1958; Stam-
ler, et al., 1960; Paul, et al, 1963). H . 
L. Taylor (1962) has reviewed this 
question and pointed out the difficulty 
in drawing valid conclusions from the 
evidence available at present. 

Obviously, the question of the pos­
sible role of physical activity in the eti­
ology of coronary heart disease requires 
much more study. One approach is to 
compare men who differ in occupations 
and in habitual physical activity in re­
gard to the distribution of other charac­
teristics presumed to be associated with 
differences in susceptibility to the dis-



279 

ease. The data in the present investiga­
tions are relevant. 

The study of U.S. Railroad employ­
ees deliberately selected specific occu­
pations which were presumed to require 
different degrees of physical activity. A 
major feature of the study design was 
to compare clerks with switchmen who 
are comparable in economic status but 
who differ in physical activity. Com­
parisons of railroad employees in differ­
ent occupations, presented in Section 
C l , above, failed to show important 
differences in the variables of concern 
here but it should be noted that detailed 
studies of the work of the men in these 
several occupations in the railroads in­
dicated that the differences in physical 
activity are not as large as had been 
expected. These questions are discussed 
in Section C l , above. 

Within the population samples stud­
ied in Europe there are larger differ­
ences in both physical activity and 
socio-economic status than between the 
railroad occupations studied in the 
U.S.A. However, in these populations 
the differences in physical activity are 
related to occupation and tend to be 
associated with substantial differences 
in economic circumstance and mode of 
life in other respects, including the diet. 
In these samples the subjects were 
classified in respect to both occupation 
and habitual physical activity and the 
analysis below will examine both fac­
tors. Some of the data were briefly con­
sidered above in Sections C2—C6, in­
clusive. 

Comparison of activity or occupation­
al groups in regard to relative body 
weight, 5 skinfolds, blood pressure and 
serum cholesterol in these series are 
readily made by observing the distribu­
tion of the men in the decile classes of 
the measured variables. It will be re­
called that in each area all men in each 
quinquennial age group were classed, 
in respect to each variable of measure­
ment, into 10 groups or decile classes 

of equal size, the 10 per cent of men 
with the lowest relative body weight 
being in decile class 1 for that variable, 
and so on. Accordingly, since each man 
was thereby classed in comparison with 
all of the other men of his age in the 
same area, the decile classification has 
the same relative meaning for men in 
all age groups and in all areas. This 
fact allows combination of men of dif­
ferent ages and even in different areas 
in order to provide numbers adequate 
for statistical analysis. 

The measured variables considered 
here are relative body weight, body fat­
ness (2 skinfolds), arterial blood pres­
sure and serum cholesterol. In relation 
to coronary heart disease, the upper 
ends of the distributions of these vari­
ables are of greatest interest. Accord­
ingly, attention will be focussed on the 
upper 30 per cent (deciles 8—10) and 
top 10 per cent (decile 10) of the age-
and sample-specific distributions. 

A natural grouping of samples 
emerges from consideration of the fre­
quency of coronary heart disease in the 
several areas. In this respect, the two 
Finnish samples and the men of Zut-
phen are distinguished from the samples 
in Croatia, rural Italy and Greece. 
Another grouping would be based on 
general economic status of the areas; 
interestingly, this consideration leads to 
the same separation — Finland and the 
Netherlands on the one hand, Croatia, 
rural Italy and Greece on the other. 
These two groupings, labelled A and B, 
respectively, for convenience, are used 
in the subsequent analysis. 

Physical Activity 
Status Ignored 

Socio-Economic 

Tables Dl and D2 summarize the 
observed versus the expected (chance) 
frequency of high values of the several 
variables, "high" being the upper 30 per 
cent (deciles 8—10) of the distribu-
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TABLE Dl 

Men with HIGH values (deciles 8-10) for the variables indicated, distributed by-
physical activity in East and West Finland and in Zutphen. Among all men in these 
samples, 13.4, 31.8, and 54. 8 per cent were in Activity Classes 1, 2, and 3, 
respectively. Numbers of men expected = the distribution if physical activity were 
unrelated. 

VARIABLE 

Relative Weight 
2 Skinfolds 
Systolic B . P . 
Diastolic B . P . 
Serum Cholesterol 

TOTAL N 
HIGH 

728 
736 
721 
718 
728 

N OBSER-V 
Act. 1 

144. 5 
174.4 
108.7 
119.5 
114.8 

TABLE D2 

rED HIGH, % 
Act. 2 

109.7 
108. 1 
95.2 

103.4 
93.3 

OF E : KPECTEI 
Act. 3 

83.5 
77. 1 

100.7 
93.3 

100.3 

Men with HIGH values (deciles 8-10) for the variables indicated, distributed by 
physical activity in Dalmatia, Slavonia, Crevalcore , Montegiorgio, Cre te , and 
Corfu. Among all men studied in these a reas 10. 9, 22. 5, and 66. 6 per cent were 
in Activity Classes 1, 2, and 3, respectively. Numbers of men expected = the 
distribution if physical activity were unrelated. 

VARIABLE 

Relative Weight 
2 Skinfolds 
Systolic B . P . 
Diastolic B . P . 
Serum Cholesterol 

TOTAL N 
HIGH 

1260 
1245 
1273 
1263 
1240 

N OBSERVED HIGH, % 
Act. 1 

163. 9 
185. 7 
123. 9 
128.5 
124. 3 

Act. 2 

122.0 
122.5 
110.7 
112.6 
119.0 

OF EXPECTED 
Act. 3 

82. 1 
78.4 
92.5 
91. 1 
89.6 
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tions. The trend is similar in both 
groups of samples; the least active men 
are most apt to be relatively high in 
all of the five variables in both groups 
of samples. In terms of the degree of 
departure of observation from chance 
expectation, 2 skinfolds, and relative 
body weight are most striking but the 
concetrations of high values for sy­
stolic and diastolic blood pressure and 
serum cholesterol in Activity Class 1 are 
also statistically significant except for 
systolic blood pressure in the A group 
of samples. 

On the other hand, the men charac­
terized by the highest physical activity 
are under-represented in deciles 8—10 
of these variables and this discrepan­
cy too is significant for all variables for 
sample group B and for samples A + 
B combined though not for systolic 
blood pressure or serum cholesterol in 
the A group of samples considered 
alone. 

Table D3 concerns the question as to 
whether high values of the measured 
variables are more common among 
sedentary men ( Activity 1 ) than among 
moderately active men (Activity 2 ) . 
The answer is yes for all variables and 
the difference is statistically significant 
for all variables expect serum cholester­
ol (chi-square = 3.59, p = 0.06) and 
systolic blood pressure (chi-square = 
3.41, p = 0.07). 

Tables D l—D3 concern the men in 
the top 30 per cent of the distributions. 
Table D 4 summarizes the analysis of 
the data for the top 10 per cent (decile 
10) of the distributions when men in 
Activity Class 1 are compared with 
those in Class 2. Among the men in Ac­
tivity Class 1 the number observed to be 
in decile 10 of relative body weight is 
21.1 per cent in excess of the expecta­
tion from the proposition that the rela­
tive weight distribution is similar in 
these two activity classes. The compar­
able figure for deciles 8—10 of relative 

weight is 22.4 per cent excess in Activ­
ity Class 1. 

The data in Table D4 suggest that 
the influence of physical activity on the 
distribution of men with high values in­
creases as we go to greater extremes of 
the variables of 2 skinfolds and blood 
pressure but does not change in regard 
to relative weight or serum cholesterol. 

Consideration of Socio-Economic 
Status 

The apparent significance of physi­
cal activity indicated in Tables D l—D4 
is, of course, confounded with other 
factors that tend to be associated with 
differences in physical activity in these 
populations. It is notable that the major 
contribution to the differences related to 
physical activity in the fore-going data 
is made by the men in Activity Class 3. 
But most of these men are in a lower 
socio-economic class than the rest of 
the men. The question, then, is how to 
eliminate, or at least to reduce the con­
founding effect of variability in socio­
economic status in examing the relation­
ship between physical activity and the 
tendency to have high values of the 
variables of interest. 

Consideration of occupation offers 
some help. Among the various occupa­
tions (see Occupation Code in the Ap­
pendix), those coded 1—13 generally 
connote a higher socio-economic status 
in these populations than the average of 
the rest of the occupations (Code num­
bers 14—94, excluding number 93, 
"student", which is not represented at 
these ages). These are professional 
men, executives, government officials 
(not including the lower civil service), 
proprietors, land owners, etc. They in­
clude almost no men in Activity Class 
3 but they are not all sedentary and 
from questioning them at the time of 
examination they were placed in Clas-
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TABLE D3 

Number of men with high values (dec i les 8-10) observed (O) and expected (E), if 
phys ica l act iv i ty were unrelated. Al l 9 s ample s summed . "TOTAL N" = total 
men in all d e c i l e s 1-10 in Act iv i ty C l a s s e s 1 and 2. 

VARIABLE ACTIVITY 1 ACTIVITY 2 TOTAL 
O E O E N 

Relat ive "Weight 
S Skinfolds 
Sys to l i c B . P . 
D ias to l ic B . P . 
S e rum Cholester Ol 

366 
4 2 4 
2 77 
2 9 2 

2 8 0 

2 9 8 . 9 
320. 5 
2 5 6 . 4 
264. 3 
2 5 9 . 4 

6 0 0 

596 
5 3 5 
556 
5 4 8 

667. 1 
6 9 9 . 5 
555 .6 
583. 7 
568 .6 

2508 
2530 
2505 
2535 
2455 

TABLE D4 

Distribution of men with highest values (decile 10) into physical Activity Classes 
1 and Z, compared with the distr ibution of men with high values (rJociles 8-10). 
Table entr ies a re numbers of men observed expressed as percentages of the num­
be r s expected if physical activity played no r o l e . 

VARIABLE 

Relative Weight 
2 Skinfolds 
Systolic B . P . 
Diastolic B . P . 
Serum Cholesterol 

DECILES 
Act. 1 

122.4 
132. 3 
108.0 
110. 5 
107. 9 

8-10 
Act. 2 

89. 9 
85.2 
96. 3 
95. 3 
96.4 

DECILE 
Act. 1 

121. 1 
144. 8 
115. 8 
120. 9 
107.4 

10 
Act. 2 

90. 5 
79.4 
92.7 
90.6 
96.6 
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ses 1 or 2 according to their description 
of their work and recreation. This last 
statement requires qualification; the in­
terviewers in the field were not always 
careful to ask searching questions about 
the actual physical activity; when time 
was pressing there was a tendency to 
automatically assign farmers to Class 3 
and professional men to Class 1. As a 
result, distinction between physical ac­
tivity and socio-economic status is 
blurred and any independent contribu­
tion of socio-economic status that may 
appear in the subsequent analysis will 
be under-estimated. 

Wi th these reservations, an obvious 
approach is to compare men in the same 
activity class but differing in socio-eco­
nomic status as judged by occupation. 
Another approach is to compare men in 
different activity classes but in the same 
general socio-economic classification. 
Because even Occupations 1—13 cover 
a wide range of socio-economic status, 
this last approach will probably over­
estimate the independent significance of 
physical activity. 

Physical Activity versus Socio-
Economic Status 

The analysis of physical activity and 
of socio-economic status as factors 
related to the distribution of men into 
age- and area-specific decile classes of 
the measured variables is illustrated by 
the example of relative body weight of 
the men in Activity Classes 1 and 2 in 
East Finland, Wes t Finland and Zut-
phen (group A of samples). The data 
are given in detail in Table D5. 

In this example there are two results: 
1 ) When occupational class is con­

stant, the men in Activity Class 1, com­
pared with those in Class 2, who were 
observed to have high relative body 
weight (in the top 30 per cent of the 
age- and area-specific distribution of 

relative weight) numbered 141, while 
the chance expectation is 127.6 men. 
The excess is 10.5 per cent and activity 
alone is not significant (chi-square = 
3.10, p = 0.08). 

2) When physical activity class is 
constant, the men in Occupation Clas­
ses 1—13, compared with those in Clas­
ses 14—94, who were observed to have 
high relative weight numbered 128, 
while the chance expectation is 93.2 
men. The excess is 37.3 per cent and 
occupational status alone is very highly 
significant (chi-square = 26.43, p = 
much less than 0.001). 

Table D6 summarizes the analysis, 
made as in Table D5, of physical Ac­
tivity Class 1 vs. Class 2, occupational 
class constant, and of Occupations 1— 
13 vs. 14-—94, physical activity class 
constant, in respect to the distribution 
of the men in the A group of samples 
into the age- and area-specific deciles 
1—7 and 8—10 for the five measured 
variables. Compared with Activity 
Class 2, the men in Activity Class 1 in­
clude excessive numbers of men with 
high values in all variables, but the 
observed distribution is significantly 
different from chance expectation only 
in the case of 2 skinfolds. When the 
men in Occupations 1—13 are compared 
with those in Occupations 14—94, the 
excess numbers observed tend to be 
larger and the deviations from expecta­
tions are statistically significant in all 
variables except blood pressure. Table 
D7 gives the same analyses for the B 
group of samples. Again the picture is 
similar. 

Table D8 further condenses the data 
and gives the observed numbers of men 
in deciles 8—10 as percentages of the 
numbers expected. Table D8 also gives 
the chi-square values for the distribu­
tions. In regard to relative body weight 
and 2 skinfolds, the segregation of rel­
atively overweight and obese men by 
the occupation classification is consider-
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T A B L E D5 

P h y s i c a l A c t i v i t y C l a s s 1 v s . C l a s s 2 c o m p a r e d w i t h O c c u p a t i o n a l C l a s s e s 1-13 v s . 
1 4 -94 in r e g a r d t o t h e d i s t r i b u t i o n of m e n w i t h h i gh r e l a t i v e body w e i g h t ( a g e - a nd 

a r e a - s p e c i f i c d e c i l e s 8 - 1 0 ) . S a m p l e g r o u p A ( E a s t a nd W e s t F i n l a n d , Z u t p h e n ) . O 
o b s e r v e d n u m b e r , E = e x p e c t e d n u m b e r . 

INE 

1 
2 
3 

4 
5 
6 

7 
8 

9 
10 
11 

12 
13 
14 

15 
16 

A C T I V I T Y 
CLASS 

1 
2 

1+2 

1 
2 

1+2 

1 
2 

1 
1 
1 

2 
2 
2 

L . 9 + L . 
L . 10+L. 

12 
13 

O C C U P . 
CLASS 

1-13 
M 

" 

14 -94 
tr 

! 1 

L . l + L . 4 
L . 2 + L . 5 

1-13 
14 -94 

1-94 

1-13 
1 4 -94 

1-94 

1-13 
1 4 -94 

D E C I L E S 1-7 
O 

56 
60 

116 

127 
466 
593 

183 
526 

56 
127 
183 

60 
466 
526 

116 
593 

E 

5 9 . 9 
5 6 . 1 

1 3 6 . 5 
4 5 6 . 5 

1 9 6 . 4 
5 1 2 . 6 

7 1 . 2 
1 11 . 8 

7 9 . 6 
4 4 6 . 4 

1 5 0 . 8 
5 5 8 . 2 

D E C I L E S 8 -10 
O 

70 
58 

128 

71 
196 
26 7 

141 
254 

70 
71 

141 

58 
196 
254 

128 
267 

E 

6 6 . 1 

6 1 . 9 

6 1 . 5 
2 0 5 . 5 

1 27 .6 
2 6 7 . 4 

5 4 . 8 
8 6 . 2 

3 8 . 4 
2 1 5 . 6 

9 3 . 2 
3 0 1 . 8 

D E C I L E S 1-10 

O 

126 
118 
244 

198 
662 
860 

324 
780 

126 
198 
324 

118 
6 62 
780 

244 
860 

% 
5 1 . 6 4 
4 8 . 36 

1 0 0 . 0 0 

2 3 . 0 2 
7 6 . 9 8 

1 0 0 . 0 0 

38 . 89 
6 1 . 11 

1 0 0 . 0 0 

15 . 13 
8 4 . 87 

1 0 0 . 0 0 
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TABLE D6 

Physical Activity Class 1 v s . Class 2 compared with Occupational Classes 1-13 
vs . 14-94. Summarized from calculations as in Table D5. Sample Group A (East 
Finland, West Finland, Zutphen). 

VARIABLE 

Relative Weight 
it it 

Relative Weight 
H M 

S Skinfolds 
n ii 

2 Skinfolds 
II II 

Systolic B . P . 
it II 

Systolic B . P . 
n n 

Diastolic B . P . 
ti it 

Diastolic B . P . 
II it 

Serum Cholesterol 
it it 

Serum Cholesterol 

ACTIVITY 
CLASS 

1 
2 

Constant 
it 

1 
2 

Constant 
ti 

1 
2 

Constant 
it 

1 
2 

Constant 
II 

1 
2 

Constant 
n 

OCCUP. 
CLASS 

Constant 
H 

1-13 
14-94 

Constant 
n 

1-13 
14-94 

Constant 
it 

1-13 
14-94 

Constant 
it 

1-13 
14-94 

Constant 
H 

1-13 
14-94 

DECILES 1-7 
O 

183 
526 

116 
593 

158 
540 

106 
592 

223 
542 

178 
587 

212 
550 

161 
601 

211 
538 

150 
599 

E 

196.4 
512.6 

150.8 
558.2 

190.6 
507.4 

143. 1 
554.9 

236.7 
528.3 

170.6 
594.4 

221.3 
540.7 

166.8 
595.2 

218.4 
530.6 

167.7 
581.3 

DECILES 8-10 
O 

141 
254 

128 
267 

172 
253 

143 
282 

105 
218 

71 
252 

115 
236 

87 
264 

112 
216 

96 
232 

E 

127.6 
267.4 

93.2 
301.8 

139.4 
285.6 

105.9 
319. 1 

101.3 
221.7 

68 .4 
254.6 

105.8 
245.2 

81.2 
269.8 

104.6 
223.4 

78.3 
249.7 
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TABLE D7 

Physical Activity Class 1 vs . Class 2 compared with Occupational Classes 1-13 v s . 
14-94. Summarized from calculations as in Table D5. Sample Group B (Dalmatia, 
Slavonia, Crevalcore, Montegiorgio, Crete, Corfu). 

VARIABLE 

Relative Weight 
H ti 

Relative Weight 
ii n 

S Skinfolds 
H M 

S Skinfolds 
tt I I 

Systolic B. P . 
H M 

Systolic B. P . 
H H 

Diastolic B. P . 
I l M 

Diastolic B. P . 
H H 

Serum Cholesterol 
t i H 

Serum Cholesterol 
it H 

ACTIVITY 
CLASS 

1 
2 

Constant 
i i 

1 
2 

Constant 
i i 

1 
2 

Constant 
H 

1 
2 

Constant 
H 

1 
2 

Constant 
M 

OCCUP. 
CLASS 

Constant 
n 

1-13 
14-94 

Constant 
M 

1-13 
14-94 

Constant 
II 

1-13 
14-94 

Constant 
M 

1-13 
14-94 

Constant 
H 

1-13 
14-94 

DECILES 1-7 
O 

238 
606 

114 
730 

213 
599 

102 
710 

291 
637 

171 
757 

286 
639 

163 
762 

278 
600 

153 
725 

E 

264. 1 
579.9 

155.5 
688.5 

254.8 
557.2 

138.1 
673.9 

302.7 
625. 3 

176. 0 
75 2.0 

297.3 
627.7 

175.5 
749.5 

281.6 
596.4 

162.7 
715.3 

DECILES 
O 

225 
346 

158 
413 

252 
343 

156 
439 

172 
317 

101 
388 

177 
320 

111 
386 

168 
332 

104 
396 

8-10 
E 

198.9 
372. 1 

116.5 
454. 5 

210.2 
384. 8 

119.9 
475. 1 

160.3 
328. 7 

96.0 
393.0 

165.7 
331. 3 

98.5 
398.5 

164.4 
335.6 

94.3 
405. 7 
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TABLE D8 

Activity 1 vs . Activity 2, Occupation Class constant; Occupations 1-13 vs . 
Occupations 14-94, Activity Class constant. "O/E, %" = numbers of men observed 
in deciles 8-10 as % of number expected. Chi-square calculated from the 2 x 2 
tables, distributions observed and expected in deciles 1-7 and 8-10. "A" = East 
Finland, West Finland, Zutphen; "B" = Dalmatia, Slavonia, Crevalcore, Monte-
giorgio, Crete, Corfu. 

VARIABLE 

Relative Weight 

S Skinfolds 
t l 11 

I I tt 

tt [f 

Systolic B. P . 

Diastolic B. P . 

Serum Cholesterol 

ACTIVITY 
CLASS 

1 
it 

Constant 
H 

1 
1! 

Constant 
H 

1 
H 

Constant 
M 

1 
II 

Constant 
M 

1 
11 

Constant 
M 

OCCUPATION 
CLASS 

Constant 
ti 

1-13 
tt 

Constant 
n 
1-13 
H 

Constant 
M 

1-13 
H 

Constant 
H 

1-13 
II 

Constant 
H 

1-13 
II 

SAMPLES 

A 
B 
A 
B 

A 
B 
A 
B 

A 
B 
A 
B 

A 
B 
A 
B 

A 
B 
A 
B 

O/E, % 

110.5 
113. 1 
137.3 
135.6 

123.4 
119.9 
135.0 
130.1 

103.7 
107.3 
103.8 
105.2 

108. 7 
106.8 
107.2 
112.7 

107.1 
102.2 
122.6 
110.3 

CHI-
SQUARE 

3.10 
8.67 

26.43 
31.38 

18.43 
22.30 
28.62 
24.29 

n. s. 
n. s. 
n. s. 
n. s. 

n. s. 
n. s. 
n. s. 
n. s. 

n. s. 
n. s. 
7.23 
n. s. 
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ably greater than that achieved by the 
activity classification. Neither classifica­
tion is very powerful in segregating men 
with relatively high blood pressure. For 
segregating high serum cholesterol, the 
occupational classification tends to be 
more effective than the activity classi­
fication but the difference is small. 

Tables D6, D7 and D8, compared 
with Tables D3 show some of the ex­
tent to which differences in the distri-» 
butions of high values of the variables, 
attributed to physical activity, are af­
fected when account is taken of occupa­
tional status as well. The relationship of 
physical activity, per se, to high values 
of the variables is obviously over-es­
timated in Tables D l—D3 . 

Summary 

The prevalence of specified high rela­
tive body weight and 5 skinfolds within 
samples is strongly related, inversely, to 
the estimated physical activity of the 
men in the sample. Similar relationships, 
but much less marked, tend to hold for 
arterial blood pressure and for serum 
cholesterol concentration. But it is nec­
essary to allow for influences of socio­
economic differences in estimating the 
influence of physical activity per se. 

Without regard to physical activity, 
men may be classified into two broad 
socio-economic classes, an upper class 
made up of professional men, landown­
ers, executives, important government 
officials, etc., and a lower class made 
up of all men in other occupations. The 
upper class so defined, contains men in 
Activity Class 1 (sedentary and light 
activity) and Class 2 (moderately ac­
tive) but almost no men in Class 3 
(heavy physical activity). This upper 
class of men shows a high concentration 
of relatively overweight and obese men 
and also tends to contain more men 
than expected with high blood pressure 
and high serum cholesterol values. 

When men matched in socio-econo­
mic class but differing in physical activ­
ity are compared (Activity Class 1 vs. 
Class 2), the more sedentary men still 
tend to include undue numbers of men 
with high values of the measured vari­
ables but the apparent influence of 
physical activity is much less than when 
socio-economic class was ignored. 

When men matched in physical activ­
ity but differing in socio-economic sta­
tus are compared, the men in the upper 
class still tend to include undue num­
bers of men with high values of the 
measured variables but the apparent in­
fluence of socio-economic status is less 
than when physical activity is ignored. 



E. ANTHROPOMETRIC INDICES A N D S K E L E T A L FORM 

Introduction 

Various suggestions have been made 
about the possibility that susceptibility 
to coronary heart disease is related to 
the "constitution", that is to say to body 
or skeletal type (cf., e.g., Müller, 1909; 
Catsch, 1941; Kretschmer, 1955). Clas­
sification systems and methods for meas­
uring of appraising body type still are 
far short of any accepted standardiza­
tion, but there is a fair degree of agree­
ment that coronary heart disease tends 
to be unduly common among men of the 
pyknic or athletic-pyknic types of Kret­
schmer (1955), i. e. the stocky, sturdy 
type as contrasted with the lanky, lean, 
slight, leptosomatic or asthenic type (or 
types). 

Burkhardt ( 1939 ) concluded, from 
pathological-anatomic studies on 1232 
cases, that persons with the pyknic phy­
sique are inclined to early arteriosclero­
sis but that at older ages this difference 
in susceptibility tended to disappear. 
Schettler (1961, p . 128) reached a simi­
lar conclusion from materials collected 
at Basle and Marburg, and Selberg 
(1951) reported that the development 
of aortic arteriosclerosis was some 20 
years later among leptosomes than 
among pyknics. 

The problem of differentiating the in­
fluence of basic skeletal type from con­
comitant characteristics in regard to rel-

19 

ative obesity is illustrated by the work 
of Bohle et al. (1958), who reported a 
high dominance of the pyknic type 
among 321 men and 61 women with 
coronary heart disease and also noted 
that about half of the patients of both 
sexes were obese. 

In the United States most attention 
in regard to coronary heart disease has 
been given to the "somatotype" classi­
fication of Sheldon et al., (1940) be­
cause of the influential study of Gertler 
and White (1954) on young men (un­
der 40) with clinical coronary heart 
disease among whom the "endomorphic-
mesomorph" somatotype was much 
more common among the patients than 
among the control subjects. Confirma­
tion of these findings was provided by 
Spain et al. (1953, 1963), particularly 
in a large study on men aged 36—50 in 
New York, and by Paul et al. ( 1963) in 
a follow-up study of industrial em­
ployees in Chicago. 

The endomorphic-mesomorph of 
Sheldon corresponds in some degree to 
the mixed pyknic-athletic type of Kret­
schmer, a type that has been specially 
singled out as coronary-prone by Bahr 
(1938) and Linzbach (1959). Exces­
sive frequency of coronary heart disease 
among "well-built", athletic type of sol­
diers in the British army was comment­
ed on by Newman (1946). 

Somatotyping in Sheldon's system is 
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a relatively subjective rating that ap­
peared to be unsuitable for our cooper­
ative research programs with different 
populations. On the other hand, a 
quantitative description of certain as­
pects of the body type can be provided 
by the anthropometric items covered in 
these studies — standing height, sitting 
height, bi-acromial and bi-cristal diam­
eters. Relative body weight is, of course, 
a crude mixture of influences of body 
type, muscular development, and body 
fat. 

The ratio of sitting to standing height 
is obviously a crude measure of relative 
trunk plus head length compared with 
leg length; a high ratio suggests a 
stocky person, or at least one aspect of 
stockiness. Unfortunately, this ratio is 
not only determined by the skeletal 
components; the thickness of the but­
tocks is included in the sitting height, so 
the sitting height measurement of a 
steatopygous person will yield an er­
roneously high value for estimated 
trunk length. 

Another and perhaps better indica­
tion of the place in the stockiness-lean-
ness continuum is the laterality-linearity 
index, defined as the ratio of the sum 
of the bi-acromial and bi-cristal dia­
meters to the body length or standing 
height. A high value for this index in­
dicates a relatively broad skeletal 
framework. 

The masculinity-femininity contin­
uum of skeletal type would seem to be 
accessible to appraisal by means of the 
ratio of the bi-acromial to the bi-cristal 
diameters, a high index being the result 
of relatively wide shoulders and narrow 
hips and an indication of a more "mas­
culine" type of skeleton. 

These three indexes, plus relative 
body weight and the sum of the skin­
folds, by no means give a full and de­
tailed picture of the "constitution" but 
it must be noted that, in fact, there is 
no agreement on what the "constitu­
tion" is supposed to be. However, these 

are quantitative variables, objectively 
measured and their distributions in the 
several population groups and compari­
sons with other variables merit examin­
ation. 

Laterality-Linearity Index (L-L) 

The laterality-linearity index (L-L) 
is the ratio of the sum of the bi-acrom­
ial and bi-cristal diameters to the total 
body length ( standing height ). This in­
dex proves to be normally distributed, 
thus simplifying the presentation and 
analysis of the data. Figure El gives 
two contrasting examples of the cumu­
lative percentage frequency distribution 
plotted on a probability scale. Besides 
showing normality of the distributions, 
Figure E l shows that the men of Mon-
tegiorgio and Velika Krsna differ; the 
men aged 55—59 of Velika Krsna are 
more linear (the index is smaller) than 
the men aged 45—49 of Montegiorgio. 

Table E l gives the means and stan­
dard deviations for the laterality-linear­
ity index, by 5-year age groups, of the 
various samples of men. Wi th the ex­
ception of East Finland and Slavonia, 
there is a general tendency for the val­
ues to rise slightly with age and this 
trend is significant in several of the 
samples (e. g. U.S.A. Switchmen, West 
Finland, Montegiorgio, Corfu). Such 
an age trend would be expected from a 
decrease of height with age with no 
change in the diameters of the girdles. 

As noted above, the men of Velika 
Krsna differ significantly from those of 
Montegiorgio in being more linear in 
skeletal framework. In general, the most 
linear men are those of Velika Krsna 
and the railroad employees in the 
U.S.A., while the most lateral men (rel­
atively broad skeletal form) are those 
in Montegiorgio, Crevalcore and Corfu, 
the other populations being intermedi­
ate. 
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o VELIKA KRSNA AGES 55-59 
N=158, MEAN =39.1 

a MONTEGIORGIO AGES 45-«9 
N=241, MEAN=41.1 

38 40 42 

LATERALITY / LINEARITY INDEX 

Figure El 
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TABLE E l 

L a t e r a l i t y - L i n e a r i t y index, m e a n va lues and s t anda rd devia t ions by 5 -yea r age c l a s s e s . 

GROUP 

U . S . Swi tchmen 
U . S . S eden ta ry C l e rk s 
Da lma t i a 
Slavonia 
E a s t F in l and 
West F in l and 
C r e v a l c o r e 
Monteg iorg io 
Zutphen 
C r e t e 
Corfu 
Velika K r s n a 
Rome Rai lway Men 

40-
Mean 

39 .3 
39 .0 
39 .7 
40 .6 
39 .9 
39.6 
40. 5 
4 0 . 8 
39 .6 
40. 1 
4 0 . 3 
38 .8 
41 . 0 

-44 
S . D . 

1.4 
1.4 
1. 3 
1.5 
1.6 
1.4 
1.9 
1.6 
1.5 
1.5 
1.7 
1.4 
1.5 

45-
Mean 

39 .4 
39 . 4 
4 0 . 2 
4 0 . 8 
40 . 0 
39.6 
40 .6 
4 1 . 1 
3 9 . 8 
40 . 1 
4 0 . 4 
3 9 . 3 
4 1 . 3 

AGES 
-49 

S .D . 

1.5 
1.7 
1.4 
1.4 
1.6 
1.5 
1.9 
1.8 
1. 5 
1. 5 
1.6 
1.3 
1.5 

50-
Mean 

39 .6 
39 .6 
40 . 1 
4 0 . 7 
39 .9 
40 . 0 
4 0 . 8 
4 1 . 2 
3 9 . 8 
40 . 1 
4 0 . 7 
3 9 . 3 
4 1 . 2 

-54 
S .D . 

1.5 
1.6 
1.3 
1.7 
1.6 
1.5 
1.6 
1.7 
1.6 
1.4 
1.9 
1.3 
1.6 

55-
Mean 

39 .7 
39 . 5 
4 0 . 2 
4 0 . 7 
3 9 . 8 
40 . 1 
4 0 . 8 
4 1 . 5 
4 0 . 0 
4 0 . 2 
4 0 . 8 
39. 1 
4 1 . 3 

•59 
S .D . 

1.4 
1.6 
1.4 
1.5 
1.2 
1.6 
2 . 1 
1.8 
1.6 
1.3 
1.5 
1.4 
1.6 

All Men (mean , 
unweighted) 

3 9 . 9 4 0 . 2 4 0 . 2 4 0 . 3 

TABLE E2 

N u m b e r s of " L A T E R A L " (L -L = 41 or more) and "LINEAR" (L-L = under 40) men in 
the top (FAT) and bo t tom 20 per cent c l a s s of fatness ( S skinfold dec i le c l a s s e s 9 + 10 
and 1 + 2 respect ive ly) . TOTAL N = number m e n in 2 skinfold deci le c l a s s e s 1, 2, 
9, and 10 . 

SAMPLE 

U . S . Swi tchmen 
U . S . S eden ta ry C l e rk s 
Da lma t i a 
S lavonia 
C r e v a l c o r e 
Monteg io rg io 
E a s t F in land 
West F in land 
Zutphen 
C r e t e 
Corfu 
Vel ika K r s n a 
Rome Ra i lway Men 

All Men 

TOTAL N: 
LINEAR 

178 
174 
90 
50 
96 
51 

118 
134 
148 
83 
50 

127 
33 

LATERAL 

87 
92 
99 

161 
230 
178 
123 
114 
118 
110 
108 
28 

213 

FAT LATERAL MEN 
OBSERVED 

72 
72 
67 
94 

157 
118 
89 
82 
73 
82 
67 
17 

123 

EXPECTED 

41 . 7 
44 .6 
5 0 . 8 
83 .2 

122.8 
98 .7 
6 3 . 8 
58 . 8 
59 .0 
58 .7 
56. 1 
12. 8 

116.6 

Chi2 

60 . 91 
4 8 . 0 8 
20 . 90 
11 .20 
6 7 . 53 
36 .03 
4 0 . 59 
33 . 38 
11. 10 
44. 14 
12.80 
2 . 37 
8 .20 

1332 1661 1113 853 .5 363 .3 
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Before accepting the reality of these 
indicated differences, it is necessary to 
consider two questions of the technical 
measurement. First, it may be asked 
whether a relatively high value for the 
index may not be, in part, an artifact 
produced by inclusion of the skin and 
subcutaneous fat in the diameter meas­
urements. Though these tissues do 
contribute to the recorded diameters, 
except in very obese men the sites cho­
sen have only a relatively thin overlay 
of soft tissue and this is reduced still 
further by compression with the pelvi­
meter. 

The second question is whether slight 
differences in the technique of measure­
ment of the diameters might be in­
volved. This seems most unlikely be­
cause the differences, though small, are 
much greater than variations observed 
in measurements made by different in­
vestigators with the same subjects. A 
difference of 1.5 in the index, as be­
tween 39.5 and 41.0, for example, cor­
responds, at equal height of 170 cm., 
to a difference of 25.5 mm. in the sum 
of the two diameters, a value much 
greater than could be attributed to any 
ordinary differences in technique. 

In regard to possible relationships 
between the laterality-linearity index 
and susceptibility to coronary heart dis­
ease, it is useful to explore the rela­
tionships between L-L and other vari­
ables that are believed to be associated 
with differences in susceptibility. For 
example, do men with high index values 
( relatively broad and stocky) tend to be 
unduly fat or to have elevated serum 
cholesterol values? 

Table E2 summarizes the analysis of 
this question with regard to the sum of 
the skinfolds. Men who have an index 
value, L-L, under 40 are classed as 
"linear"; men with L-L = 41 or more 
are classed as "lateral". The distribu­
tions were obtained of "thin" and "fat" 
men (in 2 skinfold decile classes 1, 2 
and 9, 10 respectively) into these L-L 

classes. The resulting 2X2 tables for 
each sample are condensed in Table E2 
which also gives the chi-square value 
calculated from each 2X2 table. 

In every case there is an excess of 
fat men (in the top 20 per cent of the 
distribution of sum of skinfolds for 
their age and sample) in the class of 
"lateral" men. The probability of ob­
taining the observed distribution by 
chance is vanishingly small in all cases 
except Velika Krsna. Hence it appears 
that men with wide skeletons tend to 
be represented with undue frequency 
among the fattest men, while the men 
with narrow skeletons congregate 
among the thinnest men. The result 
that emerges from this analysis is highly 
significant statistically and may also be 
biologically important. On the other 
hand, computation of the ordinary 
product-moment coefficient of correla­
tion between these two variables prod­
uces small of negligible coefficients. This 
does not necessarily mean that there is 
a real discrepancy in the two sets of 
results but it does emphasize the point, 
discussed in Section B5, that serious 
errors may be produced by over-reliance 
on the product-moment coefficient of 
correlation when either of the variables 
concerned departs from a normal distri­
bution or there is a non-linear relation­
ship between the variables. 

The same approach as with L-L 
versus body fatness was used in the 
examination of the relationship between 
diastolic blood pressure and the later­
ality-linearity index and the results are 
summarized in Table E3. In all samples 
there was an excess of the more lateral 
men in the top 20 per cent of the blood 
pressure distribution but this tendency 
was statistically significant within sin­
gle samples only in the U. S. railway 
men, in East Finland, at Crevalcore, 
Zutphen and Crete; in the latter six 
samples p = less than 0.02 in every 
case. For all samples considered toge­
ther, the average is an excess of 11.2 
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TABLE E3 

Numbers of "LATERAL" (L-L = 41 or more) and "LINEAR" (L-L = under 40) men 
in the top (HIGH B. P . ) and bottom 20 per cent c lasses of diastolic blood p r e s su re 
(deciles 9, 10 and 1, 2, respectively). Total N = number of men in diastolic B. P . 
decile c lasses 1,2,9 and 10. 

SAMPLE 

U .S . Switchmen 
U.S. Sedentary Clerks 
Dalmatia 
Slavonia 
Crevalcore 
Montegiorgio 
East Finland 
West Finland 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Rome Railroad Men 
All Men 

TOTAL N 
Linear 

169 
180 
85 
48 
99 
44 

132 
130 
145 
86 
52 

123 
43 

1336 

Lateral 
77 
84 
97 

155 
230 
190 
92 

120 
119 
101 
110 
32 

205 
1612 

HIGH B . P . 1 
Observed 

48 
53 
50 
87 

129 
102 
58 
è5 
72 
61 
58 
17 

109 
909 

^ATERAL MEN Chi^ 
Expected 

38.5 
42 .3 
48.0 
81.7 

117.4 
98.2 
42 .4 
57.6 
60.4 
50.8 
54 .3 
16.9 

105.0 
812.0 

6.13 
7.24 
n. s. 
2 .54 
7.06 
n. s. 

16.83 
3.06 
7.54 
8. 15 
n. s. 
n . s . 
n. s. 

50.98 

TABLE E4 

Numbers of "LATERAL" (L-L = 41 or more) and "LINEAR" (L-L = under 40) men 
in the top (HIGH CHOL.) and bottom 20 per cent c lasses of serum cholesterol con­
centration (deciles 9, 10 and 1,2, respectively). TOTAL N = number of men in 
cholesterol decile c lasses 1,2,9 and 10. 

HIGH CHOL. LATERAL MEN Chi2 SAMPLE 

U.S . Switchmen 
U .S . Sedentary Clerks 
Dalmatia 
Slavonia 
Crevalcore 
Montegiorgio 
East Finland 
West Finland 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Rome Railway Men 
All Men 

TOTAL N 
Linear 

168 
179 
91 
54 
99 
43 

132 
81 

139 
76 
52 

121 
37 

1272 

Latera l 
76 
76 
98 

157 
211 
186 
89 

153 
108 
101 
97 
32 

210 
1594 

Observed 
46 
38 
50 
75 

112 
109 
42 
78 
47 
63 
57 
20 

117 
854 

Expected 
38.9 
37.0 
47.2 
78. 1 

105.5 
97.5 
43. 1 
79. 1 
50 .3 
52.5 
51 .4 
16.7 

115.6 
806.5 

3.30 
n. s. 
n. s. 
n. s . 
2. 14 

13.91 
n. s. 
n. s. 
n. s. 
9. 24 
3.05 
n. s. 
n. s. 

12.52 
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per cent men with high blood pressure 
among the more lateral men and this 
deviation from chance expectation has 
the extraordinary value of chi-square = 
50.98. The conclusion is that, in gen­
eral, hypertension tends to be more 
common among the men with skeletons 
of the more lateral type than among 
men with small values for L-L. 

Finally, this approach was applied to 
serum cholesterol concentration. The 
results are summarized in Table E4. 
The more lateral men tend to be repre­
sented with unexpectedly high frequen­
cy in the more hypercholesterolemic 
class of men in nine of the 13 samples 
but this trend is statistically significant 
only at Montegiorgio, Crete and Corfu. 
The trend among U. S. switchmen does 
not quite reach p = 0.05. For all sam­
ples combined there is a highly signifi­
cant tendency for the more lateral men 
to have relatively high values for serum 
cholesterol. 

Ratio of Sitting to Standing 
Height (S /S) 

The ratio of sitting to standing height 
is normally distributed; two examples 
are given in Figure E2. Table E5 sum­
marizes the data on 100 X the ratio of 
sitting to standing height (S/S) in the 
various population samples. Two points 
are clear in Table E5. In the first place, 
the variability of S/S is small, the stan­
dard deviation being only of the order 
of 2.5 per cent of the mean. According­
ly, even what at first sight may seem 
to be only trivial differences between 
mean values can be highly significant, 
statistically, when the numbers are fair­
ly large, as they are in these samples. 

The same methods were used in all 
samples and the same instructions about 
the technique of measurement were 
issued to all of the research teams, but 
it is impossible to insist that the values 
for S/S for the various samples are 

completely comparable. These height 
measurements seem to be so simple that 
it is difficult to persuade physicians and 
technicians about the great care needed 
in adjusting the posture to assure that 
the measurements are, in fact, always 
strictly comparable. However, within 
any one sample where the same obser­
ver made all of these measurements, the 
effect of variation and poor control of 
technique should merely increase the 
random error and comparisons between 
sub-samples should be valid. 

For the present purposes, men with 
values of S/S = 54 or more are consi­
dered to be relatively "squatty" i. e. 
short-legged, while values of S/S = 
under 53 are relatively "lanky". It is of 
interest to ignore the men with inter­
mediate values of S/S and to inquire 
how the characteristics of obesity, high 
blood pressure and high serum choles­
terol concentration are distributed be­
tween the squatty and lanky men as de­
fined here. The method used for this 
analysis is the same as used above in 
the analysis of laterality-linearity, i. e. 
attention is focussed on the bottom and 
top 20 per cent classes of the other 
variables considered. 

Table E6 summarizes the results for 
the sum of the skinfolds. In all samples 
except Zutphen there is an excess of 
fat men in the squatty class and this is 
highly significant in most of the sam­
ples. For all samples combined there is 
an excess of 20.4 per cent of obese men 
in the squatty class and chi-square has 
the extremely high value of 100.20. In 
part, of course, this result may be an 
artifact in that fat men (with thick skin­
folds) may also have fat buttocks 
which, in turn, will contribute to their 
sitting height. It seems unlikely, how­
ever, that this can explain all of the 
association between "squattiness" and 
the sum of the skinfolds. The differ­
ence between S/S = 53 and S/S = 54 
corresponds to a difference of 1.8 cm. in 
sitting height when standing height = 
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T A B L E E5 

S i t t ing h e igh t a s p e r c en t of s t and ing he igh t , m e a n v a l u e s and s t a n d a r d d ev i a t i on by 
5 ' -year a ge c l a s s e s . 

S A M P L E 

U . S . S w i t c h m e n 
U . S . S e d e n t a r y C l e r k s 
T a n u s h i m a r u 
D a l m a t i a 
S l avon ia 

E a s t F i n l a n d 
Wes t F i n l a n d 
C r e v a l c o r e 
M o n t e g i o r g i o 
Zu tphen 

C r e t e 
Corfu 
Ve l ika K r s n a 
Rome Ra i lway m e n 

M e a n , a l l m e n 
(unweighted) 

40 
M e a n 

5 2 . 8 
5 2 . 5 
54 . 6 
5 2 . 3 
5 2 . 5 

5 2 . 3 
5 2 . 8 
5 2 . 9 
5 4 . 3 
5 2 . 7 

5 3 . 6 
5 3 . 1 
5 2 . 5 
5 3 . 7 

5 3 . 0 4 

-44 
S . D . 

1.39 
1.26 
1.40 
1. 18 
1. 17 

1.40 
1.37 
1.48 
1.24 
1.42 

1.40 
1.23 
1.29 
1.42 

--

45 -
M e a n 

5 2 . 7 
52 .6 
5 4 . 5 
5 2 . 2 
5 2 . 5 

53 . 6 
5 2 . 9 
5 2 . 7 
5 4 . 2 
5 2 . 7 

5 3 . 4 
5 2 . 7 
5 2 . 5 
5 3 . 6 

5 3 . 06 

AGES 
•49 

S . D . 

1.32 
1.29 
1.37 
1.37 
1.39 

1.39 
1.24 
1.37 
1.28 
1.30 

1 .51 
1.45 
1.28 
1.36 

--

50-
Mean 

5 2 . 5 
52 . 6 
54 .6 
5 2 . 3 
5 2 . 5 

5 3 . 3 
52 . 6 
52 . 6 
5 4 . 0 
5 2 . 4 

5 3 . 0 
5 2 . 9 
5 2 . 4 
5 3 . 5 

5 2 . 9 4 

•54 
S . D . 

1.35 
1.27 
1.66 
1.32 
1.35 

1.48 
1.41 
1.35 
1.35 
1.37 

1 .54 
1.38 
1 .21 
1.42 

--

55-
Mean 

52 .6 
5 2 . 4 
54 . 6 
5 2 . 4 
5 2 . 3 

5 3 . 2 
5 2 . 5 
5 2 . 7 
5 4 . 0 
5 2 . 4 

5 2 . 9 
5 2 . 9 
5 2 . 4 
53 . 6 

5 2 . 9 2 

-59 
S . D . 

1. 11 
1.28 
1.36 
1.20 
1.30 

1 .41 
1 .41 
1.46 
1.28 
1.24 

1 .33 
1.35 
1.48 
1.22 

--

T A B L E E6 

N u m b e r s of " SQUATTY" (S /S = 54 o r m o r e ) and "LANKY" (S /S = u nde r 53) m e n in 
the top (FAT) and bo t t om 20 p e r c en t a g e - s p e c i f i c S skinfold c l a s s e s ( d e c i l e s 1, 2 
and 9, 10, r e s p e c t i v e l y ) . T o t a l N = m e n in 2 skinfold d e c i l e c l a s s e s 1, 2, 9 and 10. 

S A M P L E T O T A L N 
L anky Squat ty 

F A T SQUATTY MEN C h i 2 

O b s e r v e d Expec t ed 100(O/E) 

U . S . Sw i t chmen 175 86 59 4 3 . 5 
U . S . Sed . C l e r k s 168 73 46 3 5 . 1 
D a l m a t i a 139 39 31 2 0 . 2 
S l avon ia 148 51 32 2 5 . 1 
C r e v a l c o r e 171 93 58 4 4 . 7 
Mon t eg i o rg i o 33 189 118 105 .6 
E a s t F i n l a nd 76 148 82 7 8 . 0 
We s t F i n l a nd 140 102 62 5 3 . 5 
Zu tphen 164 84 40 4 0 . 6 
C r e t e 60 126 76 6 5 . 7 
Corfu 77 86 57 4 2 . 7 
Ve l ika K r s n a 104 47 29 2 2 . 7 
R o m e R a i l r o a d Men 53 150 90 8 1 . 3 

135. 
131 . 
153. 
127. 
129. 
111 . 
105. 
115. 

98 . 
115. 
133. 
127. 
110. 

6 
1 
5 
5 

. 8 
7 
1 

.9 
5 

,7 
, 5 
8 

,7 

1 5 . 61 
8 .40 

14 . 02 
4 . 3 2 

10 .90 
2 1 . 3 9 
n . s . 

4 . 3 5 
n . s . 

9 . 4 7 
18 . 75 
4 . 16 
6 . 92 

Al l Men 1508 1274 780 6 4 8 . 0 1 20 . 4 100 .20 
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170 cm. and a contribution of 1.8 cm. 
of buttocks fat to the sitting height must 
be rare. W e conclude, then, that men 
with the squatty type of skeletal consti­
tution are inclined to be fatter than 
their lanky counterparts. 

No such question of a possible arti­
fact exaggerating the true relationship 
is raised in connection with diastolic 
blood pressure as summarized in Table 
E7. In 9 out of 13 samples the squatty 
men have an undue frequency of rela­
tively high blood pressure and in 3 of 
these the tendency approaches or ac­
tually is significant. For all samples 
considered together, the squatty men 
include an excess of 6.6 per cent cases 
of relatively high blood pressure and 
this is statistically highly significant 
( p = about 0.001). 

Finally, Table E8 is concerned with 
S/S vs. high values for serum cholester­
ol. In 10 out of 13 samples the squatty 
men show an unexpected excess of men 
in the top 20 per cent of the age- and 
area-specific serum cholesterol distribu­
tion and this tendency is statistically 
significant in 3 of the samples. For all 
samples considered together, the excess 
of high cholesterol cases among squatty 
men averages 7.8 per cent and this is 
significant at p = less than 0.001. 

being relatively "tapered" and "straight", 
or "masculine" and "feminine", respec­
tively. The ratio A / C is generally 
distributed normally; three examples 
are shown in Figure E3 . 

The distributions of men with these 
values for A / C into the bottom and 
top (deciles 1, 2 and 9, 10) 20 per cent 
classes for 2 skinfolds, diastolic blood 
pressure and serum cholesterol were de­
termined for each of 13 samples; no sig­
nificant results were obtained for any 
sample except in the Rome railroad em­
ployees. 

In the Rome sample, 38 men with 
A / C of 1.34 or more were in deciles 9, 
10 for 2 skinfolds but the chance ex­
pectation would be 53.2 men; (chi-
s qua r e= 17.28, p = less than 0.001), 
so it is concluded that in Rome there 
was a shortage of fat men in this more 
"masculine" grouping. Also in the Rome 
sample, the men with A / C of 1.34 or 
more included fewer cases (45) than 
expected (55.5) of relatively high dias­
tolic blood pressure (chi-square = 8.13, 
p = less than 0.01 ). But when all sam­
ples are considered together there were 
no significant differences between these 
extreme classes of A / C in regard to ob­
served vs. expected frequency of high 
values of S skinfolds, diastolic blood 
pressure, or serum cholesterol. 

Bi-Acromial/Bi-Cristal Diameters, 
A/C 

As indicated earlier, the ratio of the 
bi-acromial to the bi-cristal diameter 
A /C, may be considered to be some 
kind of an indication of the relative 
masculinity-femininity of the skeleton. 
Accordingly, it seemed to be desirable 
to examine the relationship, if any, be­
tween A / C and other variables of inter­
est in connection with the tendency to 
coronary heart disease. The distribution 
of A / C is such that it was decided to 
concentrate on values of A / C = 1.34 
and over and A / C = under 1.28, these 

Laterality-Linearity and ECG Abnor­
malities 

Possible relationships between later-
ality-linearity index. L-L and the fre­
quency of electrocardiographic abnor­
malities were sought by constructing 
two-by-two tables for L-L vs. each of 
five ECG abnormalities for each of 13 
samples of men. For all 13 samples con­
sidered together, among the more lateral 
men a total of 151 cases of left axis 
deviation (Code II, 1) were observed 
but only 136.3 cases was the chance ex-
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TABLE E7 

Numbers of "SQUATTY" (S/S = 54 or more) and "LANKY" (S/S = under 53) men in 
the top (HIGH B. P . ) and bottom 20 per cent age-specific diastolic blood p r e s su re 
c lasses (deciles 1,2 and 9, 10, respectively). Total N = men in diastolic B. P . decile 
c lasses 1, 2, 9 and 10. 

SAMPLE; TOTAL N 
Lanky Squatty 

HIGH B . P . SQUATTY MEN 
Observed Expected 100(O/E) 

Chi'1 

U.S. Swit chm an 
U.S. Sed. Clerks 
Dalmatia 
Slavonia 
Crevalcore 
Montegiorgio 
East Finland 
West Finland 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Rome Railroad Men 

All Men 

175 
170 
143 
143 
157 

33 
69 

129 
166 

73 
73 

111 
51 

1493 

87 
72 
51 
53 

113 
200 
158 
111 
76 

120 
67 
35 

159 

1302 

52 
42 
27 
26 
63 

109 
81 
65 
45 
64 
36 
18 
75 

703 

44.2 
37. 5 
27. 3 
26. 0 
57. 8 

104.7 
83. 5 
55. 5 
36.4 
61.6 
33.0 
18. 0 
73.4 

659.2 

117. 6 
112. 0 
99. 0 

100. 0 
109. 0 
104. 1 
97. 0 

117. 1 
123. 6 
103. 9 
109. 1 
100. 0 
102. 2 

3. 
n. 
n. 
n . 
n . 
n. 
n . 
5. 
3 . 
n . 
n . 
n . 
n . 

67 
s. 
s. 
s. 
s. 
s . 
s. 
43 
55 
s. 
s. 
s. 
s. 

106. 6 10. 81 

TABLE Et 

Numbers of "SQUATTY" (S/S = 54 or more) and "LANKY" (S/S = under 53) men in 
the top (HIGH CHOL.) and bottom 20 per cent age-specific serum cholesterol c lasses 
(deciles 1, 2 and 9, 10, respectively). Total N = men in serum cholesterol decile 
c lasses 1, 2, 9 and 10. 

SAMPLE TOTAL N 
Lanky Squatty 

HIGH CHOL. SQUATTY MEN Chi2 

Observed Expected 100(O/E) 

U.S. Switchmen 
U.S. Sed. Clerks 
Dalmatia 
Slavonia 
Crevalcore 
Montegiorgio 
East Finland 
West Finland 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Rome Railroad Men 

All Men 

172 
158 
148 
136 
166 

26 
76 

135 
158 

62 
71 

104 
49 

1461 

81 
84 
38 
48 
93 

171 
152 
107 

82 
115 
70 
38 

155 

1234 

50 

39 
22 
28 
51 
98 
77 
54 
46 
65 
38 
20 
84 

672 

41. 6 
42.7 
19. 8 
21. 1 
49.6 
94.6 
75.3 
54.4 
39.0 
56.5 
35.2 
18.7 
99.8 

623.2 

120. 2 
91.3 

111. 1 
132.7 
102. 8 
103. 6 
102. 3 
99.3 

117. 9 
115.0 
108. 0 
107. 0 
105. 3 

107. 8 

4.54 
n. s. 
n. s. 
4. 69 
n. s. 
n. s. 
n. s. 
n. s. 
3. 14 
6. 36 
n. s. 
n. s. 
n. s. 

13. 96 
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pectation (chi-square = 7.54, p = less 
than 0.01). Similarly, among all the 
more lateral men there were 229 cases 
of high R wave, left type (Code III, 1 ) 
but 263.0 would be expected (chi-
squarer= 20.49, p = less than 0.001 ). 

In the individual samples the analysis 
was generally unrewarding except that 
slightly fewer cases of S-T depression 
were observed than expected in Zut-
phen and slightly more than expected 
in Crete ( 11 observed, 16.4 expected, 
chi-square = 3.07 in Zutphen; 9 ob­
served, 5.1 expected, chi-square = 5.40 
in Crete). 

The Skinfold Thickness 

The detailed data on the distributions 
of the skinfold thickness (2 skinfolds), 
given in the Appendix, show that this 
variable has almost no age trend from 
age 40—44 to 55—59 years in any of 
the population samples. The only quali­
fication to this conclusion is that there 
is a trivial tendency for the skinfolds 
to be thinnest in the oldest (55—59) 
men; this is indicated in Table E9. 
Such tendency as there is to become 
thinner with age was most pronounced 
in Crete where in successive 5-year age 
groups the 90th centile cutting points 
for the sum of the skinfolds are, respec­
tively, 38, 28, 27, and 23 mm. The cor­
responding 90th centile points for the 
triceps skinfold in Crete are 13, 14, 11 
and 9 mm. 

In the analyses in the present study 
we have used the sum of the two skin­
folds, that over the triceps and that 
over the tip of the scapula ("2 skin­
folds"), as the measure of body fatness. 
This is a better measure than any 
single skinfold though both the triceps 
and the scapula values are very highly 
correlated with 2 skinfolds. 

In some other studies skinfold thick­
ness at other sites is reported but in 
most studies at least the triceps value is 

measured. To allow comparison with 
such other studies, the full distributions 
of the triceps skinfold thickness for 
each sample and age are given in the 
Appendix. 

Table E9 also shows that, on the 
average, the skinfold over the triceps 
muscle tends to represent a constant 
fraction of 2 skinfolds, with no signifi­
cant age trend. At the median level, the 
triceps skinfold averages 40.5 per cent 
of 2 skinfolds; at the 90th centile the 
corresponding average is 42.8 per cent. 
In other words, in the fattest men the 
triceps tends to represent a trifle more 
of 2 skinfolds than in men in the middle 
of the distribution. 

Summary 

Men with a relatively wide skeletal 
framework, judged from the ratio of 
the sum of the bi-acromial and bi-cris-
tal diameters to the total height (L-L), 
were found to have unexpectedly high 
tendencies to obesity, high diastolic 
blood pressure and high serum choles­
terol. 

In the electrocardiograms, the more 
lateral men tended to show an excessive 
number of left axis deviations and a de­
ficit of cases of high R waves, left type. 

"Squatty" men (high values of the 
ratio of sitting to standing height, S/S) 
were also found to include unduly high 
numbers of obese men and men with 
high values for diastolic blood pressure 
and serum cholesterol. 

The ratio of the bi-acromial to the 
bi-cristal diameter (A /C) is suggested 
as a kind of indicator of relative mas­
culinity-femininity of the skeleton. This 
measure was not found to be related to 
the frequency of high values for dia­
stolic blood pressure or serum choles­
terol. There was a slight deficit (4. 1 
per cent) of obese men (deciles 9, 10 in 
2 skinfolds) among the men with high 
values of A /C . 
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TABLE E9 

Skinfold th ickness , t r end with age. Unweighted averages of the medians and of 
the 90th centile cutting points of 15 samples compris ing 10, 103 men . 

ITEM MEDIANS 90TH CENTILES 

40-44 45-49 50-54 55-59 40-44 45-49 50-54 55-59 

No. of men 2079 2729 2805 2490 2079 2729 2805 2490 

Tr iceps 9.00 8.40 8.67 8.40 15.67 15.40 15.33 14.80 

Scapula 12.61 12.81 13.01 12.28 20 .61 20 .48 20.55 20.15 

S Skinfolds 21 .61 21 .21 21 .68 20 .68 36 .28 35.88 35.88 34.95 

Tr iceps as % of 
S Skinfolds 41.6 39.6 40 .0 40.6 43 .2 42 .9 42 .7 42 .3 
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2 skinfolds shows almost no age trend ceps muscle also shows no significant 
from 40—44 to 55—59 except for a age trend and at all ages tends to re-
trivial tendency to be minimal in the present a constant fraction of 2 skin-
oldest men. The skinfold over the tri- folds. 



F. SMOKING HABITS 

A major by-product of investigations 
on the relation of lung cancer to smok­
ing has been the finding, in certain pop­
ulations, that the death rate ascribed 
to coronary heart disease is related to 
the habit of smoking cigarettes (Doll 
and Hill, 1956; Hammond and Horn, 
1958). This finding has been confirmed 
in prospective ( follow-up ) studies in the 
U.S.A. directed primarily at coronary 
heart disease (Doyle et ah, 1962). 

In the present-day cultural setting of 
the U.S.A. and Great Britain, men who 
smoke cigarettes are more prone to 
have heart attacks and to die of coro­
nary heart disease than their contempor­
aries who do not smoke and the risk 
increases with the number of cigarettes 
smoked daily. But this increased risk 
has not been shown to extend to men 
who smoke only pipes or cigars. More­
over, coronary heart disease is not 
unduly frequent in all populations that 
are characterized by heavy cigarette 
smoking (Keys, 1962). These and other 
reasons suggest that cigarette smoking 
itself may not be a direct factor in 
the etiology of the disease; the tendency 
to smoke cigarettes may be associated 
with other characteristics of the person 
and his mode of life more directly re­
sponsible for increased susceptibility to 
this disease. It is entirely possible that 
the kind of person who is inclined to be 
a heavy cigarette smoker would also be 

prone to coronary heart disease even if 
he did not smoke. 

Elsewhere we have noted that some of 
the peculiarities in the reported relation­
ship of coronary heart disease suscepti­
bility to smoking habits might be ex­
plained on the hypothesis that cigarette 
smoking is particularly baleful in popu­
lations subsisting on high-fat diets and 
whose blood cholesterol levels are cor­
respondingly elevated ( Keys and Black­
burn, 1963). Even if cigarette smoking 
does not promote atherogenesis, it is 
conceivable that smoking might trigger 
the clinical event, perhaps by causing 
arrhythmias, in the sensitive situation 
where the coronary arteries are already 
seriously diseased. 

Previous studies have reported inter­
esting but not always consistent dif­
ferences between smokers and non-
smokers. Thomas (1958, 1960) found 
that heavy-smoking medical students 
are more often overweight than their 
fellows who smoke little or not at all, 
but the reverse is true among middle-
aged men in Finland (Karvonen et al., 
1959), and in the U.S.A. (Blackburn et 
al., 1962). Again, heavy cigarette smok­
ers have been reported to have a tend­
ency to higher serum cholesterol levels 
than their non-smoking counterparts in 
some populations (Karvonen et al., 
1959; Thomas, I960; Bronte-Stewart 
et al., 1960), but this may not be the 
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case in other populations (Blackburn 
era/., 1962). 

The data on smoking habits in the 
present series of studies may be helpful 
in indicating the extent to which inter­
relationships between smoking habits 
and other variables are universal and 
not merely associations in a common 
culture. Some information about smok­
ing habits was given for each sample 
separately in Section C, above. The pre­
sent section deals with comparisons 
among samples and with the detailed 
analyses of relationships between smok­
ing habits and other variables that are 
more suitable considered with the smok­
ing data from all the samples at the 
same time. 

Comparison of the Samples 

Table F l summarizes the cigarette 
smoking habits of the men in 15 sam­
ples. The highest frequency of non-
smokers, as well as of men who never 
smoked regularly, is at Velika Krsna; 
the lowest frequency of non-smokers is 
in the fishermen of Ushibuka but the 
smallest proportion of men who never 
smoked cigarettes is at Zutphen. At the 
other extreme, men who always smoke 
at least 20 cigarettes a day are most 
common in the two Japanese samples; 
at Tanushimaru 42.1 per cent of the 
men 40—59 years old are in this heavy 
smoking category. The lowest percent­
ages of heavy cigarette smokers are at 
Montegiorgio and Zutphen. 

Zutphen is alone among these popu­
lations in having a high frequency of 
cigar and pipe smoking; men who smoke 
both cigarettes and cigars or pipes 
are common there, as elsewhere in the 
Netherlands, but in none of the other 
sample areas. It is interesting, too, that 
at one time, at least, 92.4 per cent of the 
men of Zutphen had been regular ciga­
rette smokers and at the time of this 

study there were more light smokers (of 
cigarettes) than in any other sample. 

The statistical significance of the 
differences between samples in ciga­
rette smoking habits has been tested by 
chi-square applied to the data in 2X2 
tables of the numbers of non-smokers 
versus those of the regular smokers ( 10 
or more cigarettes every day). The 
more interesting results of the chi-
square test are given in Table F2. 

In smoking habits expressed in this 
way, there is no significant difference 
between U.S. railroad switchmen and 
Rome railroad employees but the Rome 
railroad men clearly smoke more than 
the U.S. railroad clerks. The Rome rail­
road men smoke more than men in the 
other Italian samples, i. e. those in Cre-
valcore and Montegiorgio. Though the 
men in Dalmatia do not differ in this 
respect from those in Slavonia, the men 
in both of these areas of Croatia smoke 
more than the men of Velika Krsna. In 
Finland, too, there is a real difference 
between the samples, the East Finland 
(Karelia) men smoking more than the 
men of Wes t Finland, but in part this 
difference may reflect the fact that the 
use of the Russian type of cigarette 
( "paperossi" ), which contains much 
less tobacco, is fairly common in Kare­
lia. 

Consideration of the frequency of 
heavy smoking (20 or more cigarettes 
daily) changes the general picture little 
but a few details are altered. The rela­
tively high frequency of heavy smoking 
in Crete (29.6 per cent) puts the men 
in that sample in a heavier smoking 
category than the men in Corfu (chi-
square = 9.85, or Dalmatia (chi-
square = 8.39). In respect to such 
heavy cigarette smoking, the men of 
Tanushimaru prove to be insignificantly 
different from the men of Ushibuka. 

Perhaps the most striking feature of 
these comparisons is the similarity of 
the smoking habits of these populations 
that have so many cultural differences. 

20 
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T A B L E F l 

C i g a r e t t e s m o k i n g h ab i t s of m e n 4 0 - 5 9 in 15 s a m p l e s . P e r c e n t a g e s of t h e m e n 
who N E V E R s m o k e d r e g u l a r l y , who a r e NON-SMOKERS ( n eve r + qu i t ) , L IGHT 
s m o k e r s ( l e s s t h an 10 d a i l y ) , R E G U L A R (10 o r m o r e c i g a r e t t e s d a i l y ) , o r 
HEAVY (20 o r m o r e d a i l y ) , and t h e s m o k i n g RATIO ( r a t i o of r e g u l a r t o n o n -
s m o k e r s ) . 

SAMPLE TOTAL NEVER NON 
N % % 

LIGHT REGULAR HEAVY RATIO 
% % % 

U . S . C l e r k s 
U . S . S w i t c h m e n 
D a l m a t i a 
S l avon i a 
E a s t F i n l a n d 
W e s t F i n l a n d 
C r e v a l c o r e 
Mon te g i o r g i o 
Zu tphen 
C r e t e 
Cor fu 
Ve l i ka K r s n a 
T a n u s h i m a r u 
U s h i b u k a 
R o m e R a i l r o a d M e n 

858 
836 
66 8 
694 
815 
855 
987 
714 
869 
685 
529 
508 
509 
494 
765 

2 7 . 2 
1 6 . 4 
2 9 . 8 
2 6 . 5 
19 . 5 
2 4 . 3 
2 5 . 1 
2 5 . 9 

7 . 6 
2 3 . 6 
2 4 . 4 
4 1 . 0 
15 .7 
1 5 . 0 
1 8 . 7 

4 7 . 9 
3 5 . 2 
4 1 . 3 
4 1 . 5 
3 1 . 5 
4 2 . 2 
3 6 . 3 
4 1 . 2 
2 5 . 6 
4 2 . 6 
3 6 . 5 
5 1 . 8 
3 1 . 7 
2 2 . 3 
3 4 . 8 

T A B L E F 2 

6 . 2 
5 .6 
7 . 4 
9 . 5 

10. 1 
1 5 . 5 
1 9 . 5 
2 7 . 7 
3 0 . 2 
1 0 . 3 
1 3 . 3 
9 . 4 

10 .6 
8 . 2 

1 0 . 8 

4 5 . 7 
5 9 . 2 
5 1 . 3 
5 1 . 0 
5 8 . 4 
4 2 . 3 
4 4 . 2 
3 1 . 1 
4 4 . 2 
4 7 . 1 
5 0 . 2 
3 8 . 8 
5 7 . 7 
6 9 . 5 
5 4 . 4 

1 6 . 4 
30 . 1 
2 2 . 6 
1 8 . 9 
3 1 . 4 
14. 8 
1 7 . 7 

9 . 5 
1 0 . 7 
2 9 . 6 
2 1 . 7 
13 .6 
4 2 . 1 
3 7 . 4 
2 9 . 9 

0 . 9 6 
1 .68 
1 .24 
1 .28 
1 .83 
1.02 
1. 18 
0 . 76 
1 .75 
1. 10 
1 .38 
0 . 7 5 
2 . 12 
3 . 12 
1.56 

S ign i f i c ance of d i f f e r e n c e s b e t w e e n s a m p l e s in c i g a r e t t e s m o k i n g h a b i t s i n d i c a t e d 
by t he d i s t r i b u t i o n of m e n i n to t h e c l a s s e s n o n - s m o k e r s and s m o k e r s (10 o r m o r e 
c i g a r e t t e s d a i l y ) . The s a m p l e w i t h t h e g r e a t e r s m o k i n g h a b i t i s i n d i c a t e d b y full 
c a p i t a l s . The p r o b a b i l i t y of c h an c e e xp l an a t i on i s g i ven u n d e r t h e h e ad i ng p . 

COMPARISON 

DALMATIA v s . S l avon i a 
U . S . SWITCHMEN v s . R o m e R a i l r o a d M e n 
ROME RAILROAD M E N v s . U . S . C l e r k s 
ROME RAILROAD M E N v s . C r e v a l c o r e 
ROME RAILROAD M E N v s . M o n t e g i o r g i o 
U . S . SWITCHMEN v s . U . S . C l e r k s 
C O R F U v s . C r e t e 
USHIBUKA v s . T a n u s h i m a r u 
DALMATIA v s . Ve l i k a K r s n a 
SLAVONIA v s . V e l i k a K r s n a 
C R E V A L C O R E v s . M o n t e g i o r g i o 
EAST F INLAND v s . We s t F i n l a n d 

C h i - s q u a r e 

0 . 11 
0 . 3 9 

P 

n o n - s i g . 
ii H 

23 . 36 L e s s t h an 0 . 0 0 1 
7 . 0 3 ' 

3 6 . 4 7 ' 
3 2 . 2 7 ' 
6 . 5 9 
5 . 39 ' 

1 5 . 5 8 • 
2 3 . 1 3 ' 
1 4 .47 ' 
3 0 . 56 ' 

1 " 0 . 0 1 
' " 0 . 0 0 1 
1 " 0 . 0 0 1 
' " 0 . 0 2 
' " 0 . 0 3 
1 " 0 . 0 0 1 
' " 0 . 0 0 1 
' " 0 . 0 0 1 
1 " 0 . 0 0 1 
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Except for Montegiorgio and Ushibuka 
at the two extremes, the percentage of 
regular (10 or more daily) cigarette 
smokers varies only from 39 to 59 per 
cent. 

Some of the differences in smoking 
habits are certainly ascribable, in part, 
to economic rather than cultural or in­
nate psychological factors. Cigarettes 
are much cheaper in Japan, Greece, and 
Yugoslavia than in Italy where heavy 
cigarette smoking is a formidable ex­
pense for such farmers as those at 
Montegiorgio who have a very small 
cash income. 

Non-Smokers 

Non-smokers comprise men who never 
smoked, at least never smoked reg­
ularly, and those who smoked for a 
time and then stopped. Conceivably, 
these two kinds of non-smokers might 
differ in respect to one or more of the 
variables of present concern so before 
pooling them for later comparison with 
the smokers this question was examined. 
For each of the samples the men who 
never smoked were compared with the 
stopped smokers by examining the re­
spective distributions above and below 
the median (for all men in the same 5-
year age group in the same sample) for 
each of the five variables — relative 
weight, sum of skinfolds, systolic and 
diastolic blood pressure, and serum cho­
lesterol concentration. Test by chi-
square failed to show a single signif­
icant (p = 0.05) difference in any of 
the 60 sets of comparisons. It was con­
cluded, therefore, that it would be justi­
fiable to pool all non-smokers of each 
sample in further analyses. 

Cigarette Smoking and Physical 
Activity 

Before examining possible relation­
ships between cigarette smoking habits 

and other variables, it is desirable to 
determine whether in such analyses it is 
necessary to separate the men according 
to physical activity. For this purpose 
the distribution of men classed by smok­
ing habits and by physical activity was 
determined for the various samples. In 
none of these samples was there a sig­
nificant difference in the distribution of 
smoking habits among sedentary and 
light activity men as compared with the 
men of the same age in the same area 
who customarily engaged in heavy 
physical activity. 

The data for all the samples may be 
illustrated by Table F3, which covers 
one sample each from Yugoslavia, Fin­
land, Italy, and Greece. In this table the 
comparison is made between confirmed 
non-smokers (men who never smoked 
or have long stopped) and men who al­
ways smoke 10 or more cigarettes a 
day. There is nothing like a consistent 
trend and the departures of the observ­
ed (O) from the expected (E) num­
bers do not approach statistical signifi­
cance. 

Relative Body Weight and Fatness 

Table F4 summarizes the distribution 
of the men, classed by smoking habits, 
into L O W (deciles 1—3) and HIGH 
(deciles 8—10) values for relative body 
weight. If relative body weight were 
unrelated to smoking habits, among all 
men in any given smoking category 
about 30 per cent would be expected to 
be in the L O W weight class and an 
equal number in the HIGH weight 
class. 

It is obvious from Table F4 that the 
distribution observed does not conform 
to chance expectation. In every sample 
there are more non-smokers in the 
HIGH than in the L O W weight class. 
The discrepancy is very large indeed 
except for Tanushimaru where the pro­
portion of HIGH to L O W is only 1.15 



308 

TABLE F3 

Distribution according to cigarette smoking habits of men classified by habitual 
level of physical activity in 4 representat ive samples . O = number of men 
observed, E = expected. Chi-square values calculated with Yates' correct ion. 

SMOKING 

SLAVONIA 

EAST FINLAND 

MONTEGIORGIO 

CORFU 

Never + Quit 
10 or more /day 
Chi-square = 1.96 

Never + Quit 
10 or more /day 
Chi-square = 0. 85 

Never + Quit 
10 or more /day 
Chi-square = 2. 55 

Never + Quit 
10 or more /day 
Chi-square = 2 .91 

ACT. 
O 

77 
86 

77 
128 

95 
87 

141 
174 

1 + 2 
E 

69.0 
94.0 

72.4 
132.6 

104.0 
78.0 

132.4 
182.6 

ACTIVITY 3 
O 

199 
288 

177 
337 

198 
135 

51 
91 

E 

207.0 
280.0 

181.6 
332.4 

189.0 
144.0 

59.6 
82.4 

TABLE F4 

Smoking and relative body weight. Numbers of men, c lassed by c igarette smoking 
habits, with LOW (deciles 1-3) and HIGH (deciles 8-10) values for relative body 
weight. "LIGHT" = 1-9 daily, "MODERATE" = 10-19, "HEAVY" = 20 or mo re . 

SAMPLE 

U.S. Clerks 
U .S . Switchrrien 
Dalxnatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

TOTAL 

NEVER + QUIT LIGHT 

LOW 

95 
49 
61 
35 
51 
65 
60 
63 
52 
55 
31 
65 
46 
22 
47 

797 

HIGH 

150 
117 
107 
190 
109 
152 
139 
119 
85 

111 
82 
96 
53 
42 

109 
1661 

LOW 

15 
11 
12 
22 
24 
43 
53 
69 
83 
18 
18 
20 

4 
13 
17 

422 

HIGH 

15 
20 
14 
20 
29 
27 
53 
46 
64 
22 
26 

9 
3 
5 

30 
383 

MODERATE 

LOW 

103 
95 
73 
96 
88 
95 

122 
66 
98 
51 
61 
48 
39 
64 
59 

1158 

HIGH 

53 
47 
39 
34 
33 
40 
51 
33 
73 
23 
27 
28 
37 
31 
43 

592 

HEAVY 

LOW HIGH 

44 38 
95 66 
54 37 
56 24 
76 67 
46 30 
55 51 
27 15 
26 37 
79 46 
48 23 
17 19 
63 59 
47 58 

104 48 
837 618 
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to 1.00. The reverse situation prevails 
among the "moderate" (10—19 ciga­
rettes daily) and the "heavy" (20 or 
more daily) smokers; the moderate 
smokers particularly are more often 
relatively underweight than overweight. 
The "light" (less than 10 cigarettes 
daily) smokers show no consistent 
trend in regard to relative body weight. 

Table F5 summarizes in the same way 
the distribution of the thinnest and the 
fattest men, i. e. the men in deciles 1—3 
and 8—10 for skinfold thickness. The 
picture is similar to that for relative 
body weight; obesity is unduly common 
among the non-smokers; moderate 
smokers include an undue proportion 
of the thinnest men. 

Among urban men in the U.S.A. a 
direct effect of smoking on relative 
weight and obesity is indicated from ob­
servations on persons who stop smoking 
after cultivating the habit for many 
years (Brozek and Keys, 1957). In 
most cases there is a gain in body 
weight and very often a real problem of 
obesity control arises. Recently stopped 
smokers often are inclined to eat candy 
or take between-meal snacks though 
they never did this previously when 
they were smoking. It could be sugges­
ted that the weight gain after stopping 
smoking may result from a substitute of 
a new eating habit for the former habit 
of smoking. This explanation does not 
suffice for the findings in the present 
surveys because there is no difference 
in the distribution of relative weight or 
fatness between men who never smoked 
and those who smoked and then 
stopped. A direct effect of smoking on 
appetite seems to be a reasonable ex­
planation. 

Arterial Blood Pressure 

The relationship between blood pres­
sure and smoking habits has been an­
alyzed in the same way as was done 

with relative body weight, i. e. attention 
was concentrated on the distribution of 
the 30 per cent of the men with the 
highest blood pressure as contrasted 
with the 30 per cent of the men with the 
lowest blood pressure values. Tables 
F6 and F7 summarize the findings for 
systolic and diastolic blood pressure, 
respectively. 

Non-smokers tend to include an un­
due proportion of men with relatively 
high systolic blood pressure; this was 
seen in all samples except Zutphen, 
Tanushimaru and U.S. Railroad Clerks. 
For the entire material combined, the 
excess of men with relatively high blood 
pressure among the non-smokers sur­
passes chance expectation with very 
high statistical significance. The largest 
number of decile 8—10 men expected 
among the non-smokers at the upper 
limit of p = 0.01 would be 1 277, while 
1 372 was the number actually observed. 

Among light smokers (less than 10 
cigarettes per day), there is no consis­
tent trend in regard to the frequency of 
high or low systolic blood pressures. In 
6 samples there is a statistically signifi­
cant excess of high blood pressure men 
in this class but there is an equally sig­
nificant shortage of high systolic blood 
pressure men among the light smokers 
in Wes t Finland and Crevalcore. For 
all light smokers combined the systolic 
blood pressure distribution is very close 
to chance expectation. 

The excess of high systolic blood 
pressure among non-smokers is reflec­
ted in a corresponding shortage of men 
with such high values among the "reg­
ular" smokers, i. e. those men who al­
ways smoke 10 or more cigarettes a 
day. The samples of men of Zutphen 
and Tanushimaru are, again, excep­
tional in not exhibiting the trend that is 
so clear among the men in the other 
samples. 

The diastolic blood pressure distribu­
tions, summarized in Table F7, show 
the same trends as observed in regard 
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TABLE F5 

Smoking and body fatness. Numbers of men, classed by cigarette smoking habits, 
with LOW (deciles 1-3) and HIGH (deciles 8-10) values for sum of skinfold thick­
ness . "LIGHT" = 1-9 daily, "MODERATE" = 10-19, "HEAVY" = 20 or more . 

SAMPLE NEVER + QUIT 
LOW HIGH 

LIGHT MODERATE HEAVY 
LOW HIGH LOW HIGH LOW HIGH 

U.S. Clerks 
U.S . Switchmen 
Dalmatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

TOTAL 

104 
56 
66 
35 
44 
55 
69 
57 
48 
57 
34 
57 
41 
-

46 
769 

142 
114 
106 
128 
109 
165 
137 
123 
90 

124 
87 
98 
61 

-
97 

1581 

12 
16 
16 
19 
28 
46 
58 
70 
82 
16 
18 
22 

2 
_ 

17 
422 

16 
20 
17 
20 
21 
29 
58 
55 
65 
17 
25 
6 
1 
-

36 
386 

94 
96 
72 
96 
84 

106 
112 
63 

106 
54 
69 
52 
45 

_ 
63 

1112 

57 
50 
42 
33 
92 
37 
49 
30 
65 
27 
26 
28 
29 

-
44 

609 

48 
83 
45 
56 
89 
48 
56 
25 
23 
78 
38 
19 
62 

-
101 
771 

44 
65 
32 
24 
60 
25 
51 
17 
39 
38 
21 
20 
59 
_ 

59 
554 

TABLE F6 

Smoking and systolic blood p r e s su r e . Numbers of men, c lassed by cigarette 
smoking habits, with LOW (deciles 1-3) and HIGH (deciles 8-10) values for systolic 
blood p r e s su re . "LIGHT" = 1-9 daily, "MODERATE" = 10-19, "HEAVY" = 20 or 
mo re . 

SAMPLE 

U .S . Clerks 
U.S . Switchmen 
Dalmatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

TOTAL 

NEVER + QUIT 
LOW HIGH 

131 
75 
67 
64 
75 
92 
87 
81 
67 
75 
38 
74 
57 
22 
76 

1081 

127 
101 
102 
103 
86 

126 
122 
89 
66 

103 
75 
84 
49 
41 
98 

1372 

LIGHT 
LOW HIGH 

9 
11 
8 

13 
26 
57 
60 
53 
81 
17 
17 
11 
4 

12 
25 

404 

20 
13 
18 
21 
27 
24 
49 
62 
77 
26 
26 
14 
0 
9 

26 
412 

MODERATE 
LOW HIGH 

77 
94 
72 
77 
67 
70 
91 
56 
86 
47 
65 
46 
33 
56 
63 

1000 

70 
66 
45 
55 
68 
67 
64 
41 
81 
31 
32 
34 
39 
48 
47 

788 

HEAVY 
LOW HIGH 

40 
71 
52 
54 
74 
38 
54 
23 
29 
64 
39 
20 
59 
58 
64 

739 

40 
71 
34 
28 
61 
39 
60 
23 
35 
43 
26 
22 
65 
51 
60 

658 



311 

TABLE F7 

Smoking and diastolic blood p r e s su r e . Numbers of men, classed by cigarette 
smoking habits, with LOW (deciles 1-3) and HIGH (deciles 8-10) values for dias­
tolic blood p r e s su re . "LIGHT" = 1-9 daily, "MODERATE" = 10-19, "HEAVY" = 
20 or mo re . 

SAMPLE NEVER + QUIT LIGHT 
LOW HIGH LOW HIGH 

MODERATE HEAVY 
LOW HIGH LOW HIGH 

U.S. Clerks 
U.S . Switchmen 
Dalmatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

TOTAL 

117 
75 
69 
60 
50 
79 
82 
85 
53 
75 
40 
78 
44 
22 
58 

987 

126 
97 

100 
104 
88 

142 
141 
95 
81 

104 
75 
86 
42 
47 
99 

1427 

14 
12 
10 
18 
27 
46 
46 
57 
85 
18 
21 
13 
6 

15 
22 

410 

TABLE 

-20 
16 
16 
22 
28 
20 
59 
58 
71 
23 
21 
12 
0 
7 

28 
401 

F 8 

86 
96 
65 
77 
81 
79 

100 
51 
98 
41 
59 
44 
40 
55 
66 

1038 

49 
69 
43 
47 
56 
59 
48 
37 
74 
33 
37 
30 
42 
41 
43 

708 

40 
68 
55 
53 
84 
52 
64 
22 
27 
69 
39 
17 
63 
55 
83 

791 

42 
69 
41 
35 
70 
35 
46 
24 
32 
43 
26 
25 
69 
54 
59 

670 

Smoking and serum cholesterol concentration. Numbers of men, classed by 
cigarette smoking habits, with LOW (deciles 1-3) and HIGH (deciles 8-10) values 
for serum cholesterol. "LIGHT" = 1-9 daily, "MODERATE" = 10-19, "HEAVY" 
20 or mo re . 

SAMPLE 

U.S. Clerks 
U.S . Switchmen 
Dalmatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

TOTAL 

NEVER + QUIT 
LOW HIGH 

129 123 
82 81 
84 82 
64 97 
80 74 

122 99 
106 113 
71 93 
67 66 
82 99 
52 68 
88 70 
44 45 
31 33 
83 85 

1185 1228 

LIGHT 
LOW 

16 
16 
6 

20 
27 
36 
65 
72 
77 
22 
21 
14 
3 

17 
32 

444 

HIGH 

16 
13 
20 
17 
28 
27 
40 
48 
61 
19 
24 
11 

1 
10 
20 

355 

MODERATE 
LOW 

68 
66 
52 
72 
60 
67 
81 
49 
87 
35 
49 
31 
24 
41 
58 

840 

HIGH 

80 
73 
50 
55 
66 
85 
68 
48 
84 
26 
32 
46 
44 
51 
58 

866 

HEAVY 
LOW 

43 
83 
55 
46 
78 
30 
36 
21 
17 
57 
35 
20 
77 
58 
55 

711 

HIGH 

36 
80 
44 
32 
77 
46 
67 
24 
36 
52 
31 
26 
58 
54 
65 

728 
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to systolic blood pressure but the depar­
tures from random expectation are even 
more marked: High diastolic blood 
pressure is unduly common among non-
smokers, light smokers show no consis­
tent trend one way or the other, while 
men with high diastolic blood pressure 
are underrepresented among the mode­
rate and heavy cigarette smokers. 

Serum Cholesterol 

Table F8 concerns serum cholesterol 
concentration. There is no consistent 
pattern for all areas, though certain 
areas show interesting pictures. For ex­
ample, in Slavonia there is a 21 per cent 
excess of high (deciles 8—10) choles­
terol values among non-smokers as 
compared with men who smoke 10 or 
more cigarettes daily, and this is highly 
significant (p = 0.001). On the other 
hand, in Wes t Finland there is a 10.7 
per cent deficit of high values for cho­
lesterol among the non-smokers and this 
is also significant (p = 0.04). 

Degree of Smoking 

It was observed that non-smokers 
tend to be heavier, fatter and to have 
higher blood pressures than cigarette 
smokers. But it does not follow that as 
smoking increases the men progressive­
ly tend to become lighter, thinner and 
to have lower blood pressures. Table F9 
compares heavy smokers with moderate 
smokers (20 or more vs. 10—19 ciga­
rettes daily). 

Compared with moderate smokers, 
the heavy smokers tend to be in the top 
of the distribution (deciles 9 and 10) 
for relative weight (13 of 15 samples), 
body fatness (12 of 14 samples), sys­
tolic (11 of 15) and diastolic blood 
pressure (13 of 15 samples). In regard 
to these variables, the moderate smokers 
would seem to have better characteris­

tics than either non-smokers or heavy 
smokers. This is shown, for example, 
by computing the frequency of high 
blood pressure among each class of 
smokers expected, as compared with ob­
served, on the basis of no difference 
between the classes of smokers. When 
this calculation is made for systolic 
blood pressure in all samples combined, 
the percentage difference between ob­
served and expected frequency of hy­
pertension proves to be +11.8 per cent 
for non-smokers, +0 .9 per cent for 
light smokers, —11.1 per cent for mod­
erate smokers and —5.1 per cent for 
heavy smokers. 

Arterial Pressure vs. Fatness and 
Smoking 

Non-smokers tend to be fatter than 
smokers so it may be asked whether the 
trend to higher blood pressures among 
non-smokers in most of the samples, 
can be dependent on this tendency. Cig­
arette smoking depresses the appetite, 
thinner men tend to have lower-blood 
pressures — is this the explanation? 

Some light can be thrown on this 
question by eliminating the fatter men 
from the analysis. Table F10 shows, for 
eight samples, the percentage excess of 
cases of relative systolic hypertension 
(the top 3 deciles of the systolic blood 
pressure distribution) among non-smok­
ers, calculated from the number of cases 
observed and the number expected 
if non-smokers and smokers were alike. 

Ignoring relative obesity ("ALL"), 
in every sample there is an excessive 
frequency of relative "hypertension" 
among the non-smokers, ranging from 
12.9 per cent among U.S. Switchmen to 
32.7 per cent at Corfu, the (unweight­
ed) average being 19.6 per cent. The 
chi-square values show that the excess 
has statistical significance in six of the 
samples. When only relatively thin men 
are considered (deciles 1—7 in 2 skin-
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TABLE F9 

Distribution of men with high values (deciles 9, 10) for certain variables among 
heavy (20 or more daily) and " regular" (10-19 daily) cigarette smokers . Tabulated 
values a re numbers of heavy smokers expressed as % of chance expectation. * = 
p less than 0. 05, ** = p less than 0. 01 . 

MEN IN DECILES 9 AND 10 FOR: 

SAMPLE 

U.S. Clerks 
U.S . Switchmen 
Dalmatia 
Slavonia 
East Finland 
West Finland 
Crevalcore 
Montegiorgio 
Zutphen 
Crete 
Corfu 
Velika Krsna 
Tanushimaru 
Ushibuka 
Rome Railroad Men 

RELATIVE 
WEIGHT 

113.7 
118. 1 
105.0 
115.4 
127.6** 
118.8 
140.8** 
136.8 
129.7* 
110.7 
121.2 
115.8 
93.5 

121.9* 
92.4 

FATNESS 

118.5 
123.3** 
96.8 

112.8 
109.2 
125.0 
126.0 
136.9 
140.5* 
123.3 
123.8 
124.7 
128.3** 

-
99.4 

TABLE F10 

SYST. 
B . P . 

104.8 
115.7 
107.0 
82.0 
86.2 
98.0 

118.8* 
115.9 
106.2 
99. 1 

105.7 
130.5 
102.9 
110.7 
105.4 

DIAST. 
B . P . 

102.4 
111.0 
116. 1 
101. 1 
98.7 

101.0 
116.6 
114.3 
136.8* 
100.7 
104. 1 
132.8* 
99.3 

111. 1 
107.4 

CHOLES 
TEROL 

86.0 
96.1 
96.2 

102.6 
97.5 

107.8 
121.4** 
119.2 
125.8 
99.7 

109.3 
116.9 
83.5** 
91.8 

110.7 

Percentage excess of cases of relative systolic hypertension (top 3 deciles) among 
non-smokers : 1) ignoring relative obesity (= "ALL") and, 2) omitting men in the top 
3 deciles of 2 Skinfolds (= "NOT FAT"). "CHI-SQUARE" is calculated from numbers 
of smokers v s . non-smokers in decile c lasses 1-3 and 8-10 of systolic B . P . (one 
degree of freedom). 

SAMPLE % EXCESS HIGH B. P . 
ALL NOT FAT 

U.S. Switchmen 
Dalmatia 
Slavonia 
Crevalcore 
Crete 
Corfu 
Rome Railroad Men 
Ushibuka 
All 8 Samples 

12.9 
17.8 
21.9 
16.2 
12. 1 
32.7 
22.5 
20.8 
18.4 

8 .8 
19.7 
28.4 
17.6 
14.4 
48.9 
18.3 
26. 1 
19. 1 

CHI-
A L L 

3.97 
8.00 

12.29 
8. 13 
3.99 
1.78 

10.49 
1. 13 

60. 17 

-SQUARE 
NOT FAT 

0.76 
2.72 
6. 14 
4. 15 
1.81 

10.69 
3.02 
0.91 

25.25 
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folds), there is also an excessive num­
ber of cases of hypertension among the 
non-smokers, ranging from 8.8 per cent 
among U.S. Switchmen to 48.9 per cent 
among men at Corfu, the average being 
22.8 per cent. The chi-square values are 
smaller (except at Corfu) when the 
analysis is confined to thinner men but 
this is at least partly explained by the 
fact that the number of non-fat, non-
smokers is relatively small in most sam­
ples. 

The upshot of this analysis is to con­
clude that the tendency for non-smokers 
to have higher blood pressures than cig­
arette smokers is not explained by 
body fatness. Either cigarette smoking 
tends to keep the blood pressure lower 
than it would be otherwise or non-
smokers are simply the kind of men 
who more often tend to become hyper­
tensive. 

Age and Smoking Habits 

The prevalence of cigarette smoking 
in these samples falls with increasing 
age over the range 40—59 years in U.S. 
and Italian railroad workers, in Dalma-
tia, Zutphen and Crete, and not in the 
other samples. In those samples where 
the percentage of non-smokers increases 
with age, this mainly reflects a rise 
in stopped smokers, though in Dalmatia 
and Zutphen the percentage of never 
smokers also rises with age. 

The percentage of heavy smokers (20 
or more daily) in these samples tends to 
fall with age except in Dalmatia, Slav-
onia, Nicotera, Corfu and among U.S. 
clerks. Among the men who do smoke, 
in general, the percentage of heavy 
smokers tends to remain constant, i. e. 
the intensity of smoking does not change 
among those who continue to smoke 
but again there are exceptions. Among 
smokers, the percentage of heavy smok­
ers tends to fall with age in East Fin­

land, Velika Krsna, Crevalcore, Monte-
giorgio, Zutphen and in the U.S. clerks. 

The total picture in regard to age and 
smoking habits, then, is that at ages 
40—59 age is relatively unimportant ex­
cept for a tendency for a few men to 
stop smoking and a few others to cut 
down from former heavy smoking. 

Summary 

Except at Velika Krsna the majority 
of the men in all samples smoked ciga­
rettes at the time of the examinations, 
the highest prevalence being in Japan 
which also had the highest percentage 
of heavy smokers ( 20 or more cigarettes 
daily). At Velika Krsna 51.8 per cent 
were non-smokers and 41.0 per cent 
had never smoked regularly. The high­
est percentage of stopped smokers was 
found in the U.S. railroad clerks (20.7 
per cent). U.S. railroad switchmen 
smoked more than U.S. railroad clerks 
but no more than the Italian railroad 
employees. 

In none of the measured characteris­
tics in any of the samples was there any 
significant difference between men who 
had stopped smoking and those who 
had never smoked but non-smokers 
consistently differed from smokers in 
being relatively heavier and fatter. The 
non-smokers also tended to have higher 
blood pressures than the smokers ex­
cept at Tanushimaru, Japan, where 
there was no consistent difference be­
tween smokers and non-smokers though 
significant differences in one direction 
or the opposite were observed in several 
samples. 

For all samples considered together, 
fewer heavy smokers were above than 
below the age- and area-specific median 
in relative body weight, 2 skinfolds, 
systolic and diastolic blood pressure but 
the lowest frequency of high values in 
these variables was found among the 
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"moderate" smokers (10—19 cigarettes 
daily). Light smokers (under 10 ciga­
rettes daily) tended to have lower se­
rum cholesterol values than their fel­
lows in the same samples but otherwise 
serum cholesterol showed little or no re­
lationship to smoking habits in most 
areas. Exceptions were Slavonia, Mon-
tegiorgio, Crete and Corfu, where non-
smokers tended to have high cholesterol 
values and Velika Krsna where the op­
posite tendency prevailed. 

In general, smoking habits were un­

related to physical activity but did 
change somewhat with age, the propor­
tion of stopped smokers rising with in­
creasing age. However, among smokers, 
the intensity of smoking did not change 
significantly with age over the range 
40—59 years. 

The tendency for non-smokers to 
have higher blood pressures than the 
smokers could not be explained by the 
excess of obese men among the non-
smokers. 



G. THE INTER-RELATIONS OF ELECTROCARDIOGRAPHIC 
F I N D I N G S A N D P H Y S I C A L CHARACTERISTICS OF MIDDLE-

A G E D M E N 

by Henry Blackburn, R. W. Parlin and Ancel Keys (Minneapolis) 

The electrocardiogram (ECG) was 
employed in these studies because of 
its relevance to the identification of car­
diac abnormalities and to prediction of 
risk of future disease (Blackburn et al., 
1960). The special problems in applica­
tion of electrocardiography to popula­
tion studies have been discussed else­
where, along with the efforts made to 
present, in unambiguous terms, the 
ECG findings of generally agreed inter­
est (Blackburn et al., 1960; Higgins, 
er al, 1963; Blackburn, 1965). 

In the appropriate parts of Section C, 
above, detailed distributions are given 
by area of all principal ECG abnormali­
ties found on the initial examination in 
men aged 40 through 59. The method 
of sampling, response rates, and char­
acteristics of these populations are rep­
orted in Section A and the standardized 
procedures for recording and classific­
ation of the ECG are noted in Section 
B ("Methods"), above. 

The systematic tabulating is here 
made of the frequency of specified 
ECG abnormalities according to classes 
of major physical characteristics meas­
ured: sum of subcutaneous skinfolds 
(2 skinfolds) and relative body weight 
(RBW), systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) , 

and serum cholesterol ( S O . The five 
ECG items selected are of interest in 
regard to their anatomic and functional 
correlates of myocardial infarction and 
hypertrophy, and ischemia — large Q 
waves (Code I, 1), left axis deviation 
of at least —30 degrees (Code II, 1), 
high amplitude R waves, left type 
(Code III, 1 ), negative T waves (Code 
V 1, 2) and S-T segment depression 
immediately after a standard three-min­
ute exercise test (Code XI, 1—4). 

In other reports relationships will be 
considered between these clearly de­
fined ECG items and the prevalence of 
clinical manifestations of cardiovascular 
disease. On follow-up study of the men, 
the risk of subsequent heart disease and 
death associated with particular ECG 
findings will be ascertained. If signifi­
cant relationships are found, it is neces­
sary that the degree of association with 
other risk factors be estimated. 

In this analysis the values for each 
physical characteristic are arrayed with­
in quinquennial age classes, providing 
a ranking by quintiles of each subject 
within his own age and area class. Sub­
jects having a given ECG abnormality 
are compiled according to where they 
fall along the quintile distribution of 
the physical characteristic. The relation 
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between ECG findings and absolute 
levels of the physical measurement is 
not given, but rather the relative stand­
ing within his population of a subject 
with a particular ECG abnormality. 

In Tables Gl through G5 the con­
centration of men with specified ECG 
findings is indicated by quintile classes 
from the lowest twenty per cent (quin­
tile 1 ) to the highest twenty per cent of 
men (quintile 5) as well as the concen­
tration of men above and below the 
group median. 

These ECG findings are usually too 
infrequent to attempt such analyses 
within single areas but the consistency 
of the trends may be inspected, along 
with the relationships found for all 
areas pooled. 

Absence of a relationship between an 
ECG finding and a physical character­
istic would be indicated by approxi­
mately equal numbers of cases in the 
Tables G 1—5, or equal proportions in 
the Figures G 1—5, within each quintile 
class of physical characteristic. There 
are approximately 5 130 men above and 
below the median cut for each physical 
variable and 2 052 in the base popula­
tion for each quintile class. 

Q Waves ( I , 1) 

The relationship of specified large Q 
waves, widely considered to represent 
old myocardial infarction, to five physi­
cal characteristics is shown by area in 
Table Gl and for 12 areas combined in 
Table Gl and Figure G l . A total of 
74 of these "hard core" Q items occur­
red among 10,260 men aged 40—59, a 
prevalence of less than 1 per cent. 

The Q wave finding is concentrated 
among the thinner men (5 skinfolds) 
(chi-square, quintile 1 vs. 5 = 5.65, p 
< .025) , and lighter men (RBW) (chi-
square, quintile 1 vs. 5 = 10.12, p 
<C005). The differences are statistic­
ally significant between the upper and 

lower quintiles, and the trend is consist­
ent for all areas. 

A relationship of "infarct" Q waves 
to systolic blood pressure is apparent, 
due to an excess of cases in the highest 
blood pressure quintile (chi-square, 
quintile 1 vs. 5 = 5.07, p < . 025 ) . A 
less distinct relationship exists with dia­
stolic pressure where there is a paucity 
of Q wave cases in the lowest quintile 
and an excess in the highest (chi-
square, quintile 1 vs. 5 = 4.35, p < . 05 ) . 
A similar and not very striking general 
relationship holds between the preva­
lence of ambulant infarct cases by ECG 
criteria and the serum cholesterol level 
"after the event" (chi-square, quintile 
1 vs. 5 = 3.81, p = .05). 

Left Axis Deviation ( II , 1) 

The cut-off value for abnormal left 
axis deviation most often used clinically 
is —30 degrees, a distinctly upward 
and leftward electrical orientation of 
the frontal plane QRS vector. It is con­
sidered a "non-specific" finding sug­
gesting myocardial disease and here 
occurred in about 4 % of the total men 
of all populations. 

In Table G2 and Figure G2 "abnor­
mal" left axis deviation has little asso­
ciation with the other physical char­
acteristics, and no statistically signi­
ficant differences occur. 

High Amplitude R Waves, Left Type 
("Left Ventricular Hypertrophy") 
(III, 1) 

The criteria for "left hypertrophy" 
are here entirely based on high R wave 
amplitudes in selected leads. An overall 
relationship of these findings with left 
ventricular myocardial hypertrophy 
exists in clinical-pathological studies but 
application of these criteria results in 
many individual misclassifications. 
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TABLE Gl 

THE RELATIONSHIP OF 

LARGE Q WAVES (I, 1) 

IN THE ELECTROCARDIOGRAM TO PHYSICAL CHARACTERISTICS 

OF MEN AGED 40-59 YEARS 

ESF 

AREA 
USRR E F WF ZU YS YN VK MO CR IRR CT CU TOTAL PER 
2162 815 858 871 669 697 510 718 980 766 685 529 10,260 CENT 

Mediana 
C u t > 

Q u i n t i l e 1 
2 

3 

4 

5 

15 

11 
8 
6 

? 
6 

3 

4 

3 
3 
1 

1 

1 

1 

4 

2 
1 
2 

2 

1 

9 

6 
3 
2 

2 

2 

0 
3 

0 

0 
0 

0 

0 

0 

0 

1 
?. 
1 

0 

0 

1 
1 

2 

3 
1 

1 

1 

2 

0 

2 

2 
1 
1 

0 

2 

0 

5 
0 
4 
0 

1 

0 
0 

3 
1 
3 

0 

0 

0 
1 

0 

1 
0 
0 

0 

0 

1 

2 
1 
1 

0 

1 

1 

0 

44 
29 
25 
13 

11 

14 

10 

3 4 . 2 

1 7 . 8 

1 5 . 1 

1 9 . 2 

1 3 . 7 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e = 5.65 (p < .025) 

«BW 
M e d i a n < 

C u t > 
Q u i n t i l e 1 

2 

3 

4] 
5 

15 

1 1 
8 
3 

7 
3 

5 

4 
2 
3 
0 

1 
1 

1 

5 

1 
3 
2 

1 
0 

0 

6 
3 
3 
2 

2 

2 

0 

0 

n 
n 
0 

0 
0 

0 

ï 
?, 
ï 
n 
0 
ï 
1 

2 

3 
1 
1 

1 

2 

0 

1 
3 
1 
0 
0 

3 

0 

5 
0 
R 
0 
0 
0 

0 

3 
1 
3 
0 
0 

1 
0 

0 
1 
n 
0 

0 
0 

1 

1 
2 
n 
1 
1 
1 

0 

4 3 
2 9 
?H 

. 9 
13 
14 

8 

i a Q 

1 2 . 5 
1 8 . 0 
1 9 . 4 

1 1 . 1 

All s amp le s , quinti le 1 v s . 5, Ch i - squa r e (p < .005) 

SBP 
M e d i a n < 

C u t > 
Q u i n t i l e 1 

2 

3 

4 
5 

8 
18 

2 
4 
4 
7 

9 

2 
5 
2 
0 
1 
0 

4 

3 
3 

1 
2 
0 
1 

2 

5 
4 

] 
2 
3 
0 

3 

0 
0 
0 
0 
0 
0 

0 

1 
2 
0 
1 
0 

r 
1 

3 
3 

?. 
1 
0 
2 

1 , 

1 
3 
1 
0 
0 
2 

1 

1 
4 
1 
0 
1 
0 

3 

1 
3 
1 
0 
0 
1 

2 

0 
1 
0 
0 
0 
0 

1 

3 
0 
1 
1 
1 

0 

0 

2 8 
46 
12 

11 
10 
14 

27 

16 ?. 
14 . 9 
1 3 . 5 

1 8 . 9 

3 6 . 5 

AU s amp l e s , quintile 1 v s . 5, Ch i - s qua r e = 5.07 (p < .025) 

Mediana 
C u t > 

Q u i n t i l e 1 

2 
3 

4 
5 

9 
17 

1 

5 

6 

7 

7 

2 

5 
1 

0 

1 

2 
3 

3 

3 
0 

2 

?, 
0 
2 

5 

4 
1 

3 

2 
0 
3 

0 

0 
0 
0 

0 

0 
0 

1 

2 
0 

0 

?, 
0 

1 

5 

0 
2 
3 

0 
0 

0 

ï 
3 
1 

0 

0 
2 
1 

3 

2 
1 

?, 
0 
1 

1 

2 

2 
0 

1 
1 
1 
1 

0 

1 

0 
0 
0 
0 
1 

2 

1 

1 
0 
2 

0 
0 

33 

40 

.& 
IA 

16 
13 
20 

11.0 
2 1 . 9 

2 1 . 9 
1 7 . 8 
2 7 . 4 

All s amp l e s , quintile 1 v s . 5, Ch i - squa r e = 4. 35 (P < -05) 

S. CHOL. 
M e d i a n < 

C u t > 
Q u i n t i l e 1 

2 

3 

4 

5 

11 
15 

4 
4 

5 

3 

10 

4 
3 
1 
1 
2 

0 

3 

1 
5 
1 
n 
ï 
3 

1 

2 
7 

0 
2 
2 
1 

4 

0 
0 

0 
0 

0 

0 

0 

1 
?, 
0 
1 
0 

1 

1 

3 
?, 
1 
?, 
0 

1 

1 

1 
3 
1 
0 
1 

0 

2 

3 
1 
1 
1 
2 

0 

0 

3 
1 
(1 
1 
2 

1 

0 

0 
1 

n 
0 
0 
1 

0 

2 
1 
1 
0 

2 
0 

0 

31 
4 1 

.... in 
12 

17 
11 

22 

n 9 
1 6 . 7 

23.6 
15. 3 

3 0 . 6 

All s amp l e s , quintile 1 v s . 5, Ch i - squa r e not s ignificant 

Total no . men in each quintile = 2052 
Tota l no. men above and below med i an =5130 
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ZSF 

TABLE G2 

THE RELATIONSHIP OF 

LEFT AXIS DEVIATION > 30° (II, 1) 

IN THE ELECTROCARDIOGRAM TO PHYSICAL CHARACTERISTICS 

OF MEN AGED 40-59 YEARS 

AREA 
USRR E F WF ZU YS YN VK MO CR IRR CT CU TOTAL PER 
2162 815 858 871 669 697 510 718 980 766 685 529 10,260 CENT 

Median< 
Cut > 

Quintile 1 
2 

2 

4 

5 

4 0 
24 
20 
11 

14 

17 
12 

11 
13 

5 
5 
4 

5 
5 

21 

18 

8 
10 

4 
7 

10 

14 
21 

4 
8 

7 
11 

15 

9 
14 

5 
4 

1 
5 

8 

19 
21 

14 

5 
4 
8 

9 

10 
7 
1 

7 
3 

1 
4 

23 

21 

7 
10 

10 

10 
7 

21 

20 

9 
10 

9 
5 
8 

15 
15 

6 

6 

7 
6 

5 

19 
13 

8 
11 

2 

4 
7 

5 

5 
3 
1 

2 

3 
1 

2 07 

192 

90 

88 

6 7 
72 

81 

22.6 
22 .1 
16 .8 
18. 1 
20 .4 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e not s ignificant 

Median< 
Cut > 

Quintile 1 
2 

3 

4 

5 

30 
34 
18 
12 

3 

18 
13 

17 
7 
6 
3 

9 
2 
4 

18 
21 

5 
8 
9 

6 
11 

19 
16 

5 
10 

9 
6 
5 

7 
16 

4 
2 

3 

5 

9 

19 
21 

9 
8 
4 

11 
8 

7 

10 
2 
4 

2 

4 

5 

16 

28 

5 
9 

12 

8 
10 

18 

21 

8 
9 

3 

11 
8 

16 

14 
3 
8 

7 

4 
8 

13 

17 
6 
5 

9 

5 
5 

3 

7 
1 
2 

1 
3. 
3 

1 83 

212 
72 
81 

71 
83 

87 

18.2 
20 4 
17 q 
?! n 
22. 5 

All s amp l e s , quintile 1 va. 5, Ch i - squa r e not s ignificant 

SOP 
Median< 
Cut > 

Quintile 1 
2 

3 

4 

5 

33 
31 
12 
16 

9 
9 

18 

12 

12 
4 
6 

3 
6 

5 

19 
20 

9 
7 

4 
10 

9 

18 
17 

9 
4 

8 

4 

10 

7 

15 
2 
3 

2 

8 

7 

19 
21 

8 
7 

9 
8 

8 

4 
13 

1 
3 

3 

4 

6 

21 

23 
9 
8 

9 
7 

11 

23 

18 
10 

7 

8 

9 

7 

9 
21 

5 
2 

4 
8 

11 

23 

9 
10 
8 

5 j 

5 

4 

6 

4 
2 
4 

1 
2 

1 

194 
204 

81 
75 

65 
80 

97 

20. 4 
18. 8 
16. 3 
20. 1 
24. 4 

s amp le s , quintile 1 v s . 5, Ch i - s qua r e not significant 

DBP 
Median^ 
Cut > 

Quintile 1 
2 
3 

4 

5 

28 
36 

11 

9 
17 
12 

15 

14 
10 

6 
7 
2 
3 

6 

20 

20 
10 

7 
8 
6 

9 

20 

15 
11 

5 
5 
4 

10 

6 
l b 

1 
3 

5 
6 

7 

22 

18 
7 

9 
8 
6 

10 

6 

11 
1 
1 

5 
2 

8 

22 
22 

10 
11 

4 

9 
10 

16 

25 
8 
8 
3 

17 

5 

9 
21 

4 
3 

7 
8 

8 

17 

15 
6 

7 

5 
8 
6 

4 1 

é 
1 
3 

2 

2 
2 

1 84 

215 
76 
73 

71 
8 3 

96 

19. 0 
18 3 
17,8 
20. 8 
24. 1 

All s amp l e s , quintile 1 v s . 5, Ch i - squa r e not s ignificant 

S. CHOL. 
Mediana 
Cut > 

Quintile 1 
2 

3 

4 

5 

36 

26 
18 
11 
11 

12 
10 

16 

8 

4 
8 
5 
3 

4 

20 

20 
6 

12 
6 

8 
8 

16 

15 

5 
7 
7 

5 
7 

6 

16 

1 
4 
2 

7 
8 

25 

14 
8 

11 
11 

5 

4 

8 

9 
?. 
4 
3 
6 
2 

21 

23 
11 

8 
4 

11 

10 

16 

24 
6 
4 

13 

11 
6 

17 

13 

6 
7 

4 
4 

5 

12 

19 
4 
6 
6 

9 
6 

5 

5 
1 
2 
4 
1 
2 

198 

192 
7? 
34 
76 
82 

72 

l s A 
21 .8 
19. 7 
21 . 2 
18. 6 

AU s amp le s , quintile 1 vs . 5, Ch i - squa r e not significant 
Tota l no. men in each quintile = 2052 
Total no. men above and below med i an =5130 
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The inverse relationship of "left hy­
pertrophy" by ECG and body fatness 
and relative weight is shown in Table 
G3 and Figure G3 and is statistically 
significant in the analysis around the 
median cut-off value for skinfold obes­
ity (chi-square, median cut = 6.76, p 
<C.01), and between upper and lower 
quintiles for RBW. There is, however 
an inverted U-shaped distribution 
which is unexplained. A clear monoto­
nie relation exists between high R am­
plitudes and increasing systolic blood 
pressure (chi-square, quintile 1 vs. 5 = 
67.77, p <CQ001 ), which is also present 
for diastolic pressure. There is no con­
sistent relation to serum cholesterol lev­
el throughout the areas, but a slightly 
peaked distribution of the ECG item 
according to quintile class of serum cho­
lesterol is found in the totals for all 
population samples and is unexplained. 

Negative T Waves (V, 1—2) 

Negative T waves in specified ECG 
leads represent "non-specific" myocar­
dial ischemia and other functional cellu­
lar phenomena, as well as myocardial 
infarction and fibrosis. In Table G4 and 
Figure G4 no evidence appears of an 
association of this finding with fatness, 
overweight or serum cholesterol, but a 
distinct increase in frequency of this 
finding occurs among the top 20 per 
cent of values for systolic and diastolic 
blood pressure. The excess frequency is 
as striking among systolic hypertensives 
(chi-square, quintile 1 vs. 5 = 17.66, 
p <C.0001) as it is among men in the 
upper 20 % of diastolic pressures. 

Post-exercise S-T Depression 
(XI, 1 -4 ) 

The ECG criteria employed here 
combine the presence of distinctly ab­
normal (0.1 mv or more) junctional 

S-T depression and the "ischemic"-
type, horizontal or sagging S-T seg­
ment depression. These are subjects 
with no abnormal S-T depression in 
their resting ECGs and would be con­
sidered clinically to have isolated "pos­
itive" or "borderline" ECG exercise 
responses. In Table G5 and Figure G5 
the occurrence of these ECG exercise 
responses clearly relates to increasing 
fatness (chi-square, quintile 1 vs. 5 = 
23.40, p <C001), increasing relative 
weight (chi-square, quintile 1 vs. 5 = 
7.09, p < . 01 ) and blood pressure ( chi-
square, quintile 1 vs. 5, SBP = 39.75, 
p <C .0001 ) but the relation to serum 
cholesterol level is not statistically signi­
ficant. 

Discussion 

The relationship of specified ECG 
abnormalities to physical characteristics 
in these pooled samples of middle-aged 
men raises many questions; the first 
concerns their overall validity. This de­
pends, in turn, on the reliability of the 
individual measures and ECG classifi­
cations as well as the appropriateness 
of lumping data from such varied cul­
tures. Finally, among the numerous 
comparisons made, there is the pos­
sibility of chance findings of statisti­
cally significant differences. 

"Infarct" Q Waves (I, 1). Reading 
agreement in this Laboratory is on the 
order of 90 per cent within and between 
observers on the presence or absence of 
item I, 1 Q waves in the ECG; and the 
clinical relevance of this finding to myo­
cardial infarct is well established and 
widely accepted (Blackburn et al., 
1960). Though the numbers of large Q 
waves in these total populations are 
small (0.7 % of all men aged 40—59), 
the concentration of "old infarct" cases 
within classes of the physical character­
istics is fairly consistent throughout the 
samples and is in the same direction for 
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TABLE G3 

THE RELATIONSHIP OF 

HIGH AMPLITUDE R WAVES (LEFT TYPE) (III, 1) 

IN THE ELECTROCARDIOGRAM TO PHYSICAL CHARACTERISTICS 

OF MEN AGED 40-59 YEARS 

AREA 
USRR E F WF ZU YS YN VK MO CR IRR CT CU TOTAL PER 
2162 815 858 871 669 697 510 718 980 766 685 529 10,260 CENT 

323 

Median< 
Cut > 

Quintile 1 
2j 

3 

4 

5 

27 
26 

7 
13 

14 

9 
10 

77 

68 
24 
36 

37 

27 

21 

83 

56 
22 

41 
33 

29 
14 

22 

15 
5 

12 
8 

7 
5 

9 
10 

3 

3 

4 

5 
4 

41 
38 
16 

19 
15 

17 
12 

24 
38 

7 
12 

15 
16 
12 

17 
7 
7 
6 

4 

5 
2 

32 
23 
10 

15 
11 

11 

8 

18 
18 

7 

8 
3 

5 
3 

19 
16 

5 

8 
11 

5 
6 

22 
18 

9 
7 

11 

10 
3 

391 
323 
122 

180 
166 
146 

100 

17. 1 
25 .2 
23. 2 
20 .4 
14. 0 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e not significant 

Median< 
Cut > 

Quintile 1 
2 

3 

4 
5 

2 3 

29 
8 

15 

10 
4 

15 

68 
76 

29 
22 

40 
31 

22 

76 
63 

28 
31 

32 

29 

19 

17 

20 
10 

5 
6 
6 

10 

8 
11 

4 
2 
4 
5 

4 

48 
31 

17 
19 
18 
14 

11 

25 
37 
in 
10 
14 
15 

13 

16 

8 

9 
4 
5 
4 

2 

33 
22 
13 
18 
9 
9 
6 

20 
6 

5 
H 
3 

4 

0 

22 

13 

5 
11 
8 
6 

5 

20 

20 

8 
9 
9 

9 
5 

376 

336 
146 
ïfin 
158 
136 

112 

?.n 5 
??,, 5 
22. 2 
19.0 
15. 7 

All s amp le s , quintile 1 va. 5, Ch i - squa r e = 4. 50 (p < .05) 

S É P 

Median< 
Cut ) 

Quintile 1 
2 

3 

4 

5 

14 

39 
4 
4 
8 

12 

25 

59 
86 
21 

25 
22 

34 
4 3 

55 
84 
21 

17 
32 
35 
34 

17 
20 
10 

3 

5 
6 

13 

8 
11 

1 
6 

3 

5 
4 

31 

48 
10 

14 
16 

15 
24 

17 
4 5 

5 
7 

16 
15 

19 

8 
16 

2 
2 

5 
5 

10 

18 
36 

6 

8 
10 

11 

19 

5 
21 

0 

4 
6 

5 

11 

11 
24 

2 
8 
5 

7 
13 

12 
28 

6 
3 
9 

7 

15 

255 
4 58 

88 
101 
137 

157 

230 

12. 3 
14. 2 
19. 2 
22. 0 
32. 2 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e = 67.77 (p < .0001) 

Mediana 
Cut > 

Quintile 1 
2 

3 

4 

5 

16 

37 

4 
8 

9 
8 

24 

68 
77 

23 
30 

27 

33 
32 

74 

65 

37 
21 

27 

22 
32 

13 

29 

7 
5 

4 

10 

H 

8 
11 

3 
2 

6 

5 
3 

30 

49 

1 1 
13 

17 

16 

22 

22 
40 

6 
10 

14, 

12 

20 

10 

14 

5 
3 

3 

7 
6 

16 

38 

5 
9 

6 

17 
17 

11 

15 
2 
4 

in 
?, 
8 

11 
24 

6 
3 

5 

12 

9 

17 
23 

7 
6 

9 

5 

13 

296 

417 
116 
114 

137 

149 

197 

16.3 
16. 0 
19. 2 
20. 9 
27.6 

All s amp l e s , quinti le 1 v s . 5, Ch i - squa r e = 22. 14 (p < . 0001) 

S. CHOL. 
Median^ 
Cut > 

Quintile 1 
2 

3 

4 

5 

31 

21 
12 
10 
16 

9 

5 

80 

65 
28 
31 
34 

28 

24 

76 

62 
27 
33 
29' 
22 

27 

18 

17 
5 
8 
9 
8 

5 

5 

14 
0 
2 
5 

10 

2 

41 

36 
17 

19 
11 

17 

13 

26 
36 
12 
10 

19 
10 

11 

13 

1 1 
5 
5 
4 
6 

4 

24 
30 

10 
9 

13 

15 

7 

17 
9 

8 
6 

4 

6 

2 

13 

22 

?• 

9 
3 

9 
7 

22 

16 
9 

10 

8 

4 

7 

366 
339 
135 
152 

160 

144 

114 

19. 1 
21 . 6 
22. 7 
20 .4 
16. 2 

AU s amp le s , quintile 1 vs . 5, Ch i - squa r e not significant 

Total no. men in each quintile = 2052 
Tota l no. men above and below med ian - 5130 
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TABLE G4 

THE RELATIONSHIP OF 

NEGATIVE T WAVES (V, 1 8t 2) 

IN THE ELECTROCARDIOGRAM TO PHYSICAL CHARACTERISTICS 

OF MEN AGED 40-59 YEARS 

AREA 
USRR EF WF ZU YS YN VK MO CR IRR CT CU TOTAL PER 

325 

Z S F 

Mediana 
Cut ) 

Quintile 1 
2 
3 

4 

5 

2162 

19 
11 

6 

11 

2 

5 
6 

815 

12 

15 
5 

6 

3 

5 
8 

8 58 

6 
7 
4 

0 

3 

2 
4 

8 71 

7 

9 
3 

~2' 

4 

3 
4 

6 6 9 

2 
1 
C 

1 

1 

1 
0 

6 97 

4 
8 
0 

2 

3 

1 
6 

510 

3 
1 
1 

2 

1 

0 
0 

718 

4 
4 
2 

1 

1 

2 
2 

980 

11 

6 
6 

3 

3 

2 
3 

766 

2 

3 
6 

1 
1 

7. 
1 

6 8 5 

1 
3 
0 

1 

0 

2 
1 

5 29 

4 

7 
1 

2 

1 

4 

3 

10,260 
75 

75 
28 

32 

23 

29 
28 

CENT 

20. 0 
22. 8 
16.4 
?.n. 1 
20.0 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e not s ignificant 

Median< 
Cut > 

Quintile 1 
2 

3 

4 

5 

16 
12 

7 
6 
4 
6 

5 

12 
14 

5 
5 
5 
4 

7 

5 
8 

3 
1 

2 
3 

4 

8 
8 

4 
1 

3 
2 

6 

2 
1 

0 
2 

0 
1 

0 

2 
10 

0 
2 

1 
3 

6 

1 
3 

0 
0 
1 
3 

0 

4 
4 

2 
0 
2 
2 

2 

10 
7 

7 
3 

1 
4 

2 

2 
3 

n 
n 
3 
0 
2 

2 
2 

n 
?. 
1 

0 

l 

3 
8 
7 
I 
0 

3 

5 

6 7 

80 

3 1 
77. 

23 
31 

4 0 

7.n,4. 
I 5 r 6 
15.6 
21 . 1 

27 .2 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e not significant 

SBP 
Median« 
Cut > 

Quintile 1 
2 

3 

4 

'5 

7 
23 

3 

4 
4 
7 

12 

10 
17 

b 

4 
1 
3 

14 

5 
8 
4 

1 
0 
2 

6 

8 
8 

1 
4 
4 
2 

5 

2 
1 
1 

1 
0 
1 

0 

0 
12 
0 

0 
1 
5 

6 

1 
3 
1 

0 
0 
1 

2 

3 
5 
2 

0 
3 

1 

2 

7 
10 

5 

2 
1 
0 

7 

1 
4 
1 

0 

1 
0 

3 

7. 
2 
0 

1 
2 
0 

1 

2 

9 
1 

1 

1 
4 

4 

4 8 
102 

24 

18 
18 
26 

64 

16.0 
1?.. 0 
1? n 
17.3 

42 .7 

All s amp le s , quintile 1 v s . 5, Ch i - s qua r e = 17.66 (p < .0001) 

DBP 
Mediana 

cut y 
Quintile 1 

2 

3 

4 

5 

12 
18 

3 
4 

7 
5 

11 

8 

19 
4 
2 

3 

7 
11 

8 
5 
5 
2 

3 
1 
2 

6 
10 

0 

5 
2 

2 

7 

2 
1 
1 
1 
0 

0 
1 

3 
9 
0 

1 
2 

3 
6 

0 
4 
0 

0 
1. 

0 
3 

4 
4 
2 
1 

1 

I 
3 

7 
10 
3 
3 

2 

5 

4 

n 
5 
0 
0 

i 

i 

3 

S 
1 
0 
2 

1 

0 

1 

4 
7 
1 
2 

1 

4 

3 

S 7 

93 
19 
23 

2 4 

29 

55 

12.7 
15.3 
16.0 
19. 3 

36.7 

All s amp l e s , quintile 1 v s . 5, Ch i - squa r e = 16. 86 (p -i .0001) 

S. CHOL. 
Median< 
Cut > 

Quintile 1 
2, 
3 

4 

5 

4 
0 
2 
2 

0 

0 

0 

13 
15 

1 
9 
8 

4 

6 

14 
13 

2 
8 

6 

6 

5 

4 
1 
4 
0 

0 

1 

0 

6 
7 
2 
4 

2 

1 
4 

2 
1 

1 
1 

1 
0 

0 

4 
0 

2 
2 

0 
0 
0 

5 
7 

2 
3 
2 

1 
4 

3 
5 

n 
.3 
2 

1 

2 

7 
9 
l 
5 

5 

3 
2 

8 
7 
3 
4 

3 

2 

3 

2 
2 
0 
1 

2 
0 

1 

7 3 
7 3 
2 1 
4 2 
32 

23 
28 

14.4 
28 .8 
21.9 
15.8 
19.2 

Total no. men in each quintile = 2052 
Total no. men above and below med i an 

All s amp le s , quintile 1 vs . 5, Ch i - squa r eno t significant 

5130 
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TABLE G5 

THE RELATIONSHIP OF 

POST-EXERCISE S-T DEPRESSION (XI, 1-4) 

IN THE ELECTROCARDIOGRAM TO PHYSICAL CHARACTERISTICS 

OF MEN AGED 40-59 YEARS 

327 

2 S F 

AREA 
USRR E F WF ZU YS YN VK MO CR IRR CT CU TOTAL PER 
2162 815 858 871 669 697 510 718 980 766 685 529 10,260 CENT 

Median< 

Cut > 

Quintile 1 

2 
3 
4 
5 

71 
85 
30 
31 
25 
34 
36 

10 
14 
5 
4 
4 
6 
5 

10 
18 
2 
6 
4 
5 

11 

14 
25 
6 
2 
8 

12 
11 

4 
7 
1 
1 
3 
0 
6 

10 
15 
5 
3 
3 
5 
9 

10 
6 
3 
5 
3 
1 
4 

16 
25 

3 
10 
5 
7 

16 

21 
22 

9 
6 
9 
7 

12 

24 
38 

9 
10 
11 
13 
19 

17 
24 
4 
9 
9 
5 

14 

11 
22 
4 
3 
9 
6 

11 

218 
301 
81 
90 
93 

101 
154 

15. 6 

17. 3 

17. 9 

19.5 

29. 7 

AU s amp le s , quintile 1 v s . 5, Ch i - squa r e = • 4 0 
(p < . 0 0 0 1 ) 

Median< 

Cut > 

Quintile 1 

2 
3 
4 
5 

71 
82 
30 
27 
28 
31 
37 

13 
11 
6 
3 
7 
4 
4 

11 
16 
4 
6 
4 
5 
8 

15 
24 
5 
6 
9 

12 
7 

3 
8 
1 
2 
0 
2 
6 

8 
17 

5 
2 
5 
4 
9 

9 
7 
5 
4 
1 
2 
4 

16 
25 
4 

11 
4 

11 
11 

20 
23 

9 
4 

13 
12 
5 

26 
36 

9 
7 

15 
14 
17 

16 
25 
6 
7 

7 
IQ 
11 

11 
22 
4 
5 
6 

10 
8 

219 
296 
88 
84 
99 

117 
127 

17. 1 
16.3 
19.2 

22.7 

24. 7 

All s amp le s , quintile 1 v s . 5, Ch i - squa r e = 7 .09 (P < - 0 1 ) 

SBP 
Median < 

Cut ) 

Quintile 1 

2 
3 
4 
5 

62 
94 
15 
27 
35 
41 
38 

6 
17 

2 
3 
3 
7 
8 

8 
20 

3 
5 
3 
8 
9 

12 
27 

7 
2 
7 
6 

17 

7 
4 
2 
3 
2 
1 
3 

8 
17 
2 
2 
8 
6 
7 

7 
9 
1 
3 
4 
1 
7 

17 
24 

7 
6 
8 

10 
10 

15 
28 

3 
8 
8 

14 
10 

21 
41 

7 
7 

]?. 
21 
15 

16 
25 
7 
8 
4 
6 

16 

12 
21 
4 
6 
7 
6 

10 

191 
327 
60 
80 

101 
127 
150 

14.6 

15.4 
19. 5 

24.5 

29. 0 

All s amp le s , quintile 1 v s . 5, Ch i - s qua r e = 39 .75 (p < 0001) 

DBP 
Median^ 

Cut > 

Quintile 1 

2 
3 
4 
5 

65 
91 
28 
29 
25 

38 
36 

7 
16 
3 
3 
5 

6 
6 

10 
18 
5 
3 
3 

10 
7 

20 
19 
7 

10 
6 

8 
8 

6 
5 
5 
1 
1 

2 
2 

8 
17 

3 
2 
9 
3 
8 

9 
7 
?. 
3 
5. 
2 
4 

19 
22 
7 
7 

11 
4 

12 

14 
29 
6 
4 

11 
10 
12 

22 
40 

5 
11 
14 
18 
14 

18 
23 

8 
6 
7 
6 

14 

13 
22 
5 
6 
6 
6 

10 

211 
309 
84 
85 

103 
113 

133 

16. 2 

16 4 
19,9 
21.8 

25. 7 

All s amp l e s , quintile l " v s . 5 , Ch i - squa r e = 11.21 (p < . 001) 

S. CHOL. 
M e d i a n ^ 

Cut > 
Quintile 1 

2 
3 
4 
5 

79 
74 
31 
32 
31 

24 
35 

17 
7 
4 
9 
8 

1 
2 

13 
15 
5 
4 
4 

5 
10 

15 
23 

3 
6 

10 

12 
7 

3 
8 
1 
2 
1 

4 
3 

12 
12 
5 
4 
3 

7 
5 

8 
8 
4 
1 
6 
2 
3 

19 
22 
6 

10 
4 

12 
9 

14 
29 
8 
5 
9 

10 
11 

31 
31 
12. 
15 
12 

11 
L2 

15 

24 
?, 

in 
6 

8, 
13 

15 
17 
9 
3 
8 
6 
6 

241 
270 

90 
101 
102 
102 
116 

17 k 
IQ R 

20.0 
?.o n 

22. 7 

AU s amp le s , quintile 1 v s . 5, Ch i - squa r e not s ignificant 

Total no. men in each quintile = 2052 
Total no. men above and below med ian =5130 
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each pair of the highly inter-correlated 
variables of weight-obesity and systo-
lic-diastolic pressure (Table G l ) . 

The distinct association of "old in­
farct", so described, with the thinner-
lighter men and the absence of a 
stronger association with serum cholest­
erol are somewhat unexpected. The Q 
waves are a hard core of cases with 
manifest coronary heart disease, rep­
resenting but a fraction of all those with 
anatomic or functional myocardial dam­
age and coronary artery disease, and 
the relationships found are after the 
event. The proportion of these ECG 
cases which were clinically "silent" is 
being investigated. The effects of the 
disease itself and, in some cases, the 
therapeutic adjustments made after the 
"attack" may explain, in part, the cross-
sectional relationships found. Con­
clusions about future disease risk based 
on information from cross-sectional 
analyses may, of course, be biased and 
the relative strength of risk factors 
calculated from prevalence and incid­
ence studies is a subject of general 
interest and study in cardiovascular 
epidemiology. These findings on the 
Q wave confirm, however, follow-up 
information available that elevated art­
erial blood pressure and serum cholest­
erol are more important risk factors for 
myocardial infarction than are over­
weight or obesity (Keys, et ah, 1963; 
Kannel, ef ah, 1964). 

Left Axis Deviation ^ —30° (II, 1). 
This ECG criterion is read with consi­
derable reliability. The leftward and 
upward orientation of the frontal plane 
QRS vector can be caused either by 
anatomical left ventricular hypertrophy 
or by alteration of the time course of 
depolarization by myocardial infarction 
and fibrosis. Both prevalence and in­
cidence data concerning the clinical im­
portance of this phenomenon indicate 
an important association with heart 
disease (Harlan et ah, 1962). 

Here marked "abnormal" left axis, 
occurring in 4 per cent of all men ages 
40—59, has no significant relationship 
among the total of middle-aged men to 
their characteristics of body build, blood 
pressure, or blood cholesterol. The 
ECG findings of left axis deviation may 
thus provide information independent 
of the other risk factors in assessing risk 
of future disease. Follow-up data from 
these studies on the predictive import of 
left axis will be of interest. 

"Left Ventricular Hypertrophy" (III, 
1 ) . The different frequencies of occur­
rence of high amplitude R waves in the 
samples is striking, from less than 3 per 
cent in U.S. railmen to 12 per cent in 
Slavonia (YN) and 17 per cent in Fin­
land. Systematic area differences due to 
different ECG apparatus or technique 
are unlikely, since standard methods 
were employed and amplitude calibra­
tion was applied to all records. The cri­
teria used involve high QRS amplitudes 
in any of several ECG leads which, 
from other studies, might be expected 
to be roughly 70 per cent sensitive in 
detection of anatomic hypertrophy, and 
about 70 per cent specific for identifi­
cation of those truly without cardiac 
hypertrophy. 

Questions about the effect on surface 
potential differences of different heart 
sizes relative to chest size and body 
weight, and about the effect of proxi­
mity of the heart to the chest wall are 
among the more complex in electrophys-
iology. It is, however, common clinical 
experience to find largest ventricular 
complexes in the ECGs of men with 
very thin chests, in children, and in 
highly trained athletes. 

The distribution of ECG "left hyper­
trophy" according to body build is in­
consistent between areas, and this, plus 
the U-shaped frequency distribution of 
the item renders attempts at interpre­
tation hazardous. Clearly, however, in­
crements in the cardiac load from arter-
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ial blood pressure are reflected in an 
excess of high voltages in the body sur­
face ECG. 

Negative T Waves (V, 1—2). Nega­
tive T waves of the type defined are 
non-specific indicators of myocardial 
damage or ischemia. They are read with 
high repeatability, and occur about 
twice as frequently among these middle-
aged men as do clear ECG signs of old 
myocardial infarction. 

In working population groups the 
usual clinical considerations among hos­
pital and patient groups about the prob­
able genesis of negative T waves do 
not hold, (e.g., acute pericarditis or 
myocarditis, drug and electrolyte ef­
fects, etc. ) because of the great rarity of 
transient influences on the T wave at 
any given time in such populations. The 
records are taken in a random time rela­
tionship to prior meals and the proce­
dure is the same in all of the areas. 
Meal or glucose effects on the T wave 
which may exist ( Ostrander and Wein­
stein, 1964) cannot account for the 
strong relationship to elevated blood 
pressure. 

Finally, the occurrence of cases with 
manifest valvular heart disease is ex­
tremely rare in total adult populations, 
and parasitic heart involvement does 
not occur in these areas. It is, therefore, 
probable that we are dealing with a 
crude statistic related to myocardial is­
chemia or damage from coronary artery 
disease. These findings are more likely 
to exist silently in a population than are 
infarctions (manifested by large Q 
waves), so that their interrelations 
could be conceivably of more interest 
than other ECG abnormalities consid­
ered tantamount to frank clinical dis­
ease. 

Despite the greater numbers of T 
than Q wave cases observed among all 
areas, no significant relationship of neg­
ative T waves to obesity is found. The 
concentration of negative T waves in 

the highest quintile of blood pressure 
is entirely responsible for the associa­
tion observed with blood pressure. Ele­
vated blood pressure appears to be the 
most important factor in the overall 
occurrence of negative T waves in a 
population, while the factors responsible 
for negative T waves are unrelated to 
serum cholesterol. 

Post~exercise S~T Depression (XI, 
1—4). The ECG exercise test is diffi­
cult to apply and interpret in population 
studies but is of great general interest 
(Report of Research Committee ISC, 
1964 ). Coding of lesser degrees of S-T 
depression is unreliable for the indivi­
dual case, which is an important consi­
deration in studying such interrelation­
ships. Observer agreement is high only 
for item XI, 1, the more marked S-T 
depression category. The original pub­
lished code (Blackburn et al., 1960) 
does not adequately distinguish junc­
tional from ischemic-type depression 
and until more is known about their rel­
ative significance they should be sepa­
rately analyzed, especially in a study of 
detailed inter-relationships. Consider­
able opportunity exists therefore for the 
finding of inexplicable and perhaps 
meaningless relationships. 

On the other hand, S-T depression in 
the post-exercise ECG provides the 
largest numbers of individual ECG 
phenomena for analysis. The inter­
relations found with the exercise ECG 
test are, moreover, either quite strong or 
very weak, without areas of borderline 
significance. It appears safe from Table 
G 5 and Figure G 5 to assume some 
overall relation of positive exercise 
ECG response (? myocardial ischemia) 
to extreme obesity, and a very strong 
relationship between the ECG and an 
exercise load superimposed on increas­
ing levels of arterial pressure. These 
are reasonable and not unexpected re­
sults, interprétable by accepted princ­
iples. 
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However, the S-T response, which is 
another ECG item clinically related to 
myocardial ischemia though more elu­
sive and transient than T waves or in­
farction, shows here no relationship to 
an isolated individual measure of se­
rum cholesterol. Deaths from clinical 
attacks of myocardial infarction are 
highly related to, and the risk crudely 
predicted by, the serum cholesterol lev­
el in clinical "health", as well as by 
post-exercise ECG responses of the 
S-T. There is no a priori necessity that 
serum cholesterol level and the S-T re­
sponse be highly correlated, and here 
it is clear that they are not. 

The relationships found overall are 
similar to those found within the U.S. 
railway study above (Blackburn et al., 
1961 ), and to those found in the resting 
ECG of men over age 40 in the Tecum-
seh community study of the University 
of Michigan (Ostrander et al., 1965). 

Summary 

The inter-relationships between mea­
sured physical characteristics and sever­
al objectively categorized electrocar­
diographic abnormalities are examined 
among men aged 40—59 in large total 
population samples. Despite many lim­
itations, this may be the only way in 
which an approximation of the true in­
ter-relationships may be obtained. Large 
Q waves, equivalent to an anatomic 
diagnosis of myocardial infarction, and 
most gross ECG abnormalities, occur 
too rarely to be studied in detail within 
one population and pooling of men of 
similar age from many areas is made 
here as a practical approach to a pre­
liminary look at the relationships. 

More or less expected associations 
were found in some cases, readily ex­
plainable under existing hypotheses and 
facts. For example, "infarct Q waves", 
high "left hypertrophy" type R waves, 
negative T waves, and "positive" (de­

pressed) S-T responses after effort 
tests are moderately to highly associa­
ted with increments in arterial blood 
pressure, and left "hypertrophy" is un­
related to serum cholesterol. Less ex­
pected however, is the definite relation­
ship found between "infarct Q waves" 
and being lightweight and thin, and the 
impressive absence of any significant 
relationship between other "coronary" 
ECG patterns (i.e. negative T waves 
and positive exercise tests) and serum 
cholesterol. Marked left axis deviation, 
ominously regarded clinically, is unre­
lated to any of the other measured risk 
factors. Finally, all positive associa­
tions of ECG abnormalities with arter­
ial blood pressure are more distinct 
with the systolic than with the diastolic 
blood pressure levels. 

The implications are clear for evalu­
ation of the predictive import of these 
ECG items in follow-up studies among 
middle-aged men. In particular, study 
of the post-exercise responce of the 
S-T segment as a risk factor for subs­
equent disease must be made with 
consideration of the association with 
extreme obesity and especially with 
blood pressure. Nothing is yet known 
about the predictive import of the 
exercise ECG response in the absence 
of these conditional factors. 

INTER-RELATIONS OF ELECTRO­
CARDIOGRAPHIC FINDINGS AND 
CIGARETTE SMOKING HABIT 

There is evidence that cigarette smok­
ing habit is significantly associated 
with risk of future coronary disease 
from follow-up study of volunteer 
groups (Doll and Hill, 1956; Hammond 
and Horn, 1958; Doyle et a/., 1962). 
The inter-relations of smoking with 
diagnostic and predictive ECG items is 
therefore of interest. 

Detailed smoking habit and ECG 
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classification codes are contained in the 
Appendix. In brief, the smoking class­
ification employed for this analysis is as 
follows: 

Never — this group consists predomi­
nantly of those who never regularly 
smoked cigarettes, but because of the 
necessity to simplify the classification, 
and because of the paucity, among 
these groups, of exclusively pipe or 
cigar smokers, the latter are contained 
in this category. 

Occasional and Light — less than 1 
cigarette daily was classified only for 
the U.S. Railroad men, and the light 
class consists of regular smokers of 1 
through 9 cigarettes daily. 

Moderate — regular smokers of 10 
through 19 cigarettes daily. 

Heavy — regular smokers of 20 or 
more cigarettes daily. 

Stopped — the stopped smokers class 
is based on the current history given on 
examination without regard to duration 
since stopping, duration or amount of 
prior smoking, reason for stopping, or 
current history with regard to cigar or 
pipe smoking. 

Since both electrocardiographic find­
ings and smoking habit are age-related 
between 40 to 60 years, detailed analy­
sis was made for each ECG item accord­
ing to age quinquennium and smoking 
class. These findings will be discussed, 
though the tabular and graphic rela­
tionships, for simplicity, are based on 
age-adjusted values. The age-specific 
rate per 1 000 men was calculated for 
each of the four age classes, summed 
and divided by four. The material for 
all areas is pooled. 

Large Q Wat>es (I, 1). A trend by 
age in large "infarct" Q waves 
occurs but as seen in Table G6 
and Figure G6 there is no clear associa­
tion between the prevalence of this item 
and smoking habit. Stopped smokers 
have the highest age-adjusted rate of 
"infarct" Q waves (10.7 per 1 000) and 

persons who have never smoked the 
lowest (2.1 per 1 000). Moderate and 
heavy smokers, though lying between 
these extremes have rates that are 
comparable to those for the stopped 
smokers. 

Left Axis Deviation ^ — 3 0 ° (II, 1). 
No significant association between the 
existence of marked left axis deviation 
and smoking habit is found in the age-
adjusted rates in Table G7 and Figure 
G6. Though the stopped smokers have 
a noticeably lower prevalence of this 
finding, prevalences in the other three 
smoking categories are indistinguish­
able. 

High Amplitude R Waves, Left Type 
(III, 1). In Table G& and Figure G6 
it is seen that stopped smokers have the 
highest rates of "left hypertrophy" and 
that heavy smokers have substantially 
lower rates than other men. The differ­
ence between prevalence rates for heavy 
smokers (60.1 per 1 000) and all other 
men (86.4 per 1 000) is statistically 
significant (d = 26.3, S. E. = 6.65, 
p = .0001). 

Negative T Waves (V, 1—2). An 
age trend exists for negative T waves 
in the resting ECG. In Table G9 and 
Figure G6, there is a decreasing rate 
for this item according to intensity of 
smoking, heavy smokers having the 
lowest rate (8.1 per 1 000). Again the 
stopped smokers show an interesting 
departure from the other groups, nega­
tive T waves being 3 times as frequent 
among them as among heavy smokers. 

Post-exercise S-T Depression (XI, 
1—4). A consistent increase by age oc­
curs in combined junctional and seg­
mental S-T depressions in the ECG ta­
ken after standard exercise. In Table 
G10 and Figure G6 there is a trend 
downward in prevalence of this finding 
according to increased smoking inten­
sity. Again the highest rate occurs 
among the heterogeneous group of 
stopped smokers. 
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TABLE G6 

Frequency (f) of large Q waves (Code I, 1) in the electrocardiograms of men age 40-59 years 
by smoking habit c lass. Rate is age-adjusted rate per 1000 men. 

AREA 
SMOKING HABIT CLASS 

Stopped Smoking Never Smoked Light & Moderate Heavy Smokers 
Regular Smokers 

f rate f rate f rate f rate 

U.S. Railroad Men 
East Finland 
West Finland 
Zutphen 
Dalmatia 
Slavonia 
Velika Krsna 
Montegiorgio 
Crevalcore 
Rome Railroad Men 
Crete 
Corfu 

4 
4 
1 
5 
0 
0 
0 
1 
0 
1 
0 
1 

9 . 3 
29.5 

6 .0 
56.6 

0 . 0 
0 . 0 
0 . 0 
7 . 0 
0 . 0 
6 . 4 
0 . 0 

13.9 

3 
0 
0 
0 
0 
0 
2 
0 
0 
1 
0 
0 

7 .2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
7 . 4 
0 . 0 
0 . 0 

10.4 
0 .0 
0 . 0 

11 
2 
2 
4 
0 
3 
2 
2 
4 
1 
0 
2 

15.2 
6 . 4 
7 . 7 
7 . 8 
0 . 0 
9 . 7 
9 . 4 
6 . 4 
8 .4 
6. 1 
0 .0 
8 .6 

9 
1 
3 
0 
0 
0 
1 
1 
1 
1 
0 
0 

19.3 
3 . 6 

22.0 
0 .0 
0 . 0 
0 . 0 

14.7 
11.9 
5 .6 
3 . 5 
0 . 0 
0 . 0 

All a reas combined 17 10.7* 2. 1* 33 7. 1* 17 6 . 7 * 

* Average of the rates for all a r eas . 

TABLE G7 

Frequency (f) of left axis deviation > 30° (Code II, 1) in the electrocardiograms of men age 40-
59 years by smoking habit c lass. Rate is age-adjusted rate per 1000 men. 

AREA 
SMOKING HABIT CLASS 

Stopped Smoking Never Smoked Light & Moderate Heavy Smokers 
Regular Smokers 

f rate f rate f rate f rate 

U.S. Railroad Men 
East Finland 
West Finland 
Zutphen 
Dalmatia 
Slavonia 
Velika Krsna 
Montegiorgio 
Crevalcore 
Rome Railroad Men 
Crete 
Corfu 

10 
1 
7 
4 
1 
2 
2 
8 
4 
8 
3 
1 

22.9 
6 . 8 

47.9 
47.0 
10.9 
18.3 
33.3 
72.6 
30.7 
57.6 
22.8 
13.9 

17 
4 
9 
9 
5 
8 
9 

12 
12 
5 
8 
1 

37.2 
33.2 
40.6 
62.6 
23.5 
43.9 
38.6 
65.2 
49.2 
30.8 
50.6 

8.6 

27 
11 
14 
21 
11 
20 

7 
18 
19 
13 
9 
6 

39.5 
38.0 
40.4 
37.0 
48.2 
62.4 
41.5 
51.0 
43.4 
44.5 
49.6 
25.6 

11 
8 

10 
1 
6 

10 
1 
5 
5 
7 

12 
2 

22.5 
34.4 
75.8 

8 .3 
33.3 
75.2 
15.6 
77.5 
29.9 
31.4 
54. 1 
15. 1 

All a reas combined 51 32.0* 

* Average of the rates for all a r eas . 

99 40.3* 176 43.4* 78 39.4* 
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TABLE G8 

F r e q u e n c y (f) of h igh ampl i tude R w a v e s , left type (Code III, 1) in the e l e c t r o c a r d i o g r a m s of 
m e n age 40-59 y e a r s by smoking hab i t c l a s s . Ra t e i s a g e - ad j u s t e d r a t e p e r 1000 m e n . 

AREA Stopped Smoking 

r a t e 

SMOKING HABIT CLASS 
Neve r Smoked L igh t & Mode r a t e 

Regu l a r S m o k e r s 
f r a t e i r a t e 

Heavy S m o k e r s 

U. S. R a i l r o ad Men 
E a s t F in l and 
Wes t F in l and 
Zu tphen 
Da lma t i a 
S lavonia 
Vel ika K r s n a 
Monteg io rg io 
C r e v a l c o r e 
Rome Ra i l r o ad Men 
C r e t e 
Corfu 

16 
30 
23 

2 
2 

14 
8 
5 

13 
6 
7 
9 

3 5 . 6 
210 .0 
148 .8 
2 3 . 5 
19 .2 

158 .8 
146.2 
5 7 . 6 

109 .5 
5 0 . 8 
5 5 . 6 

134. 1 

16 
22 
33 

5 
8 

19 
32 

2 
12 
5 
8 

14 

3 5 . 5 
184 .9 
155 .0 
6 4 . 3 
3 9 . 2 

114 .9 
156.2 

9. 1 
4 7 . 0 
3 8 . 3 
5 0 . 6 

111 .5 

16 
59 
63 
29 

8 
34 
12 
15 
24 
11 
12 
9 

2 1 . 8 
193 .6 
173 .3 
5 2 . 4 
3 6 . 4 

117 .3 
163 .7 
4 3 . 8 
5 8 . 6 
4 3 . 3 
66.6 
41 .0 

6 
35 
18 
2 
1 

11 
10 
2 
6 
4 
8 
8 

11 .7 
135 .4 
140. 8 

1 7 . 2 
6. 1 

77. 1 
145. 8 
22. 8 
3 6 . 2 
14 .5 
3 9 . 2 
7 4 . 4 

All a r e a s combined 135 95. 8* 176 83 .9 * 292 84 .3 * 111 60. 1* 

: A v e r age of the r a t e s for a l l a r e a s . 

TABLE G9 

F r e quency (f) of nega t ive T wave s (Code V, 1-2) in the e l e c t r o c a r d i o g r a m s of m e n age 40 -59 
y e a r s by smoking habi t c l a s s . Ra te i s a g e - ad j u s t ed r a t e p e r 1000 m e n . 

AREA Stopped Smoking 

f r a t e 

SMOKING HABIT CLASS 
Neve r Smoked Light & Mode r a t e 

Regu l a r S m o k e r s 
f r a t e f r a t e 

Heavy S m o k e r s 

f r a t e 

U. S. R a i l r o ad Men 
E a s t F in land 
Wes t F in l and 
Zutphen 
Da lma t i a 
S lavonia 
Vel ika K r s n a 
Monteg io rg io 
C r e v a l c o r e 
Rome Ra i l r o ad Men 
C r e t e 
Corfu 

5 
8 
4 
5 
0 
0 
1 
2 
4 
4 
1 
3 

12 .7 
6 1 . 3 
2 7 . 0 
5 2 . 4 

0 . 0 
0 .0 

14 .7 
15 .9 
3 1 . 4 
3 3 . 3 

8 .0 
3 9 . 7 

9 
3 
5 
2 
2 
4 
3 
3 
2 
0 
2 
3 

19 .6 
2 8 . 3 
2 4 . 0 
10 .3 
9.6 

19 .7 
13 .7 
17 .0 
7 .2 
0 . 0 

1 0 . 4 
2 2 . 5 

11 
12 
4 
7 
1 
6 
0 
3 
7 
0 
1 
3 

2 0 . 0 
3 9 . 5 
12 .6 
12 .9 
4 . 0 

17 .6 
0 . 0 
8 .4 

1 5 . 8 
0 . 0 
5 . 3 

16 .2 

6 
4 
0 
1 
0 
2 
0 
0 
4 
1 
0 
2 

12 .3 
1 8 . 0 

0 . 0 
15 .6 
0 . 0 

1 2 . 5 
0 . 0 
0 . 0 

20. 1 
3 . 6 
0 . 0 

15. 1 

Al l a r e a s combined 37 24 . 4* 

* A v e r a g e of the r a t e s for a l l a r e a s . 

38 15 . 2* 55 20 8. 1* 
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TABLE G l O 

F r e q u e n c y (f) of po s t e x e r c i s e S-T d e p r e s s i o n (Code XI, 1-4) in the e l e c t r o c a r d i o g r a m s of 
men age 40-59 y e a r s by smoking habi t c l a s s . Ra t e in a g e - ad j u s t ed r a t e p e r 1000 m e n . 

AREA 
SMOKING HABIT CLASS 

Stopped Smoking Neve r Smoked L igh t & Mode r a t e Heavy S m o k e r s 
Regu l a r S m o k e r s 

f r a t e f r a t e f r a t e f r a t e 

U. S. R a i l r o ad Men 
E a s t F in l and 
Wes t F in l and 
Zutphen 
Da lma t i a 
S lavonia 
Vel ika K r s n a 
Monteg io rg io 
C r e v a l c o r e 
Rome Ra i l r o ad Men 
C r e t e 
Corfu 

23 
5 
4 
7 
1 
3 

1 
6 
4 

17 
15 
7 

5 1 . 0 
3 5 . 6 
2 3 . 5 
9 1 . 4 
10 .9 
2 8 . 3 
15 .6 
6 6 . 7 
2 9 . 9 

1 29 . 3 
114. 1 
9 2 . 1 

33 
2 
7 
4 
3 
4 
6 

11 
11 
11 
10 
9 

7 3 . 6 
2 1 . 8 
3 2 . 4 
4 0 . 5 
13 .0 
2 2 . 7 
2 7 . 0 
6 7 . 0 
4 7 . 3 
7 6 . 7 
4 9 . 8 
7 3 . 4 

23 
7 

14 
29 

3 
4 
4 

16 
15 
8 
5 

10 

3 2 . 0 
2 3 . 0 
35 .7 
5 2 . 3 
12 .8 
12 .6 
2 5 . 0 
4 2 . 6 
3 8 . 4 
34. 1 
2 6 . 9 
4 5 . 7 

19 
5 
4 
4 
1 
5 
0 
3 
6 
6 

10 
4 

3 8 . 4 
2 2 . 4 
32. 1 
4 3 . 6 

6. 1 
3 6 . 3 

0 . 0 
4 7 . 8 
3 8 . 5 
2 6 . 4 
4 8 . 9 
3 6 . 8 

Al l a r e a s combined 93 5 7 . 4 * 111 

* A v e r a g e of the r a t e s for a l l a r e a s . 

4 5 . 4 * 138 3 1 . 8 * 67 3 1 . 4 * 

TABLE G i l 

F r e q u e n c y (f) of l a r g e Q wave s (Code I, 1) in the e l e c t r o c a r d i o g r a m s of m e n age 40-59 
y e a r s by occupa t iona l p hy s i c a l a c t iv i ty c l a s s . Ra t e i s age ad jus ted r a t e p e r 1000 m e n . 

AREA 
OCCUPATIONAL PHYSICAL ACTIVITY CLASS 

LIGHT MODERATE HEAVY 
f r a t e f r a t e f r a t e 

U. S. R a i l r o a d Men 
E a s t F i n l and 
Wes t F i n l and 
Zu tphen 
Da lma t i a 
S lavonia 
Mon teg io rg io 
C r e v a l c o r e 
Rome Ra i l r o ad Men 
C r e t e 
Corfu 

13 
4 
2 
5 
0 
1 
2 
2 
1 
0 
1 

12 .9 
4 0 . 2 
2 9 . 8 
1 9 . 8 
0 . 0 
6 . 4 

3 6 . 9 
17 .0 
1 0 . 4 
0 . 0 
5 . 8 

13 
2 
4 
4 
0 
0 
1 
0 
1 
0 
1 

18 .3 
1 2 . 4 
3 3 . 3 

8 .0 
0 . 0 
0 . 0 
4 . 2 
0 . 0 
2 . 7 
0 . 0 
5 .0 

2.2 
0.0 
0.0 
0.0 
3.6 
)... 6 
3.9 
9.5 
2. 4 
4 .4 

All a r e a s combined 31 16.3* 26 7.6* 11 2.8* 

* A v e r a g e of the r a t e s for a l l a r e a s . 
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Discussion and Conclusions 

There is no significant relationship 
of the prevalence of "infarct" Q waves 
to cigarette smoking habit among men 
in these combined areas though non-
smokers have the lowest rates. 

Any possible relationship of left axis 
deviation with coronary heart disease 
is apparently independent of smoking 
habit. 

There are fewer men with high, left 
type, R waves among smokers. If this 
relationship were causal it might be 
mediated through two other factors 
associated with habitual heavy cigarette 
smoking, lower average blood pressure 
and increased obstructive lung disease. 

Similar explanations can be brought 
forward for the apparent lower fre­
quency of negative T waves and post-
exercise S-T depression in heavy smok­
ers who have lower average blood 
pressure and relative weight. It has 
not been determined whether an im­
portant proportion of heavy cigarette 
smokers were excluded, for clinical 
cardiac disease, from the exercise test. 
However, all examined subjects re­
ceived a resting electrocardiogram. 

The stopped smokers are the most 
divergent of all classes, and among 
them are concentrated the highest 
numbers of infarct Q cases, high R 
waves, negative T waves and "positive" 
post-exercise tests. More detailed 
delineation of this group according to 
physical characteristics and clinical 
disease prevalence is indicated. The 
results among stopped smokers are in 
the opposite direction to that which 
might be expected from the unusually 
high ventilatory function values found 
among men of the same age, similarly 
classified (Blackburn et al., 1965). 

INTER-RELATIONS OF ELECTRO-
CARDIOGRAPHY FINDINGS AND 
LEVEL OF OCCUPATIONAL PHY­
SICAL ACTIVITY 

Because of interest in the hypotheses 
concerning physical activity and coro­
nary heart disease we have attempted 
to analyse here the relationship between 
five important ECG findings and three 
reasonable, if crude, categories of act­
ivity according to occupational class 
among men aged 40 through 59. 
Though individual areas are analysed, 
results are pooled for all areas combin­
ed, and age-adjusted rates for ECG 
items were made from quinquennial 
rates according to activity class. 

Large Q Waves (I, 1). Table G i l 
and Figure G7 show the interesting 
diminution of "infarct" Q waves 
according to increasing activity of 
the occupation. Though the preva­
lence overall is low the difference is 
consistent within each age quinquen­
nium as it is in the pooled data. The 
frequencies of large Q waves observed 
in the three activity classes (sedentary 
= 16.3 per 1 000, moderate = 7.6 per 
1 000, active = 2.8 per 1 000) differ 
significantly from each other (p < .003 
in each case). 

Left Axis Deviation ^ —30° (II, 1). 
Table G12 and Figure G7 indicate no 
significant relationship between marked, 
"abnormal" left axis deviation in the 
ECG, and level of activity. 

High Amplitude R Waves, Left Type 
(III, 1). Table G13 and Figure G7 
show the stepwise increase of large 
voltages in the ECG with increasing 
physical activity of occupation. The 
differences between rates for light (47.1 
per 1 000) and those for moderate 

22 
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TABLE G12 

F r equency (f) of left ax is devia t ion > 30° (Code II, 1) in the e l e c t r o c a r d i o g r a m s of men 
age 40-59 y e a r s by occupat ional phys ica l ac t iv i ty c l a s s . Rate is age ad jus ted r a t e p e r 
1000 men . 

AREA 
OCCUPATIONAL PHYSICAL ACTIVITY CLASS 

LIGHT MODERATE HEAVY 
f r a t e f r a t e f r a t e 

U .S . Ra i l r oad 
E a s t F in land 
West F in land 
Zutphen 
Da lmat ia 
Slavonia 
Montegiorg io 
C r e v a l c o r e 
Rome Ra i l road 
C re t e 
Corfu 

M e n 

M e n 

36 
6 
3 

12 

6 

12 

3 
5 
5 

2 

2 

3 7 . 

6 1 . 

3 1 . 
5 0 . 

9 6 . 

8 9 . 
3 5 . 
3 7 . 

3 7 . 

4 9 . 
1 1 . 

8 
2 

0 

0 

9 
4 

7 
8 
0 

1 

6 

29 
3 

10 
20 

1 
2 

11 

7 
18 

13 

5 

24 .2 
20 . 0 
78 .0 
35 .0 

8 . 9 
31 .2 
54 . 4 
40 .7 
45 . 1 
59 .2 
24 .9 

15 

27 
3 

16 

26 

30 

29 
10 

17 

3 

2 6 . 

4 1 . 
2 6 . 

2 9 . 
4 6 . 

7 0 . 

4 1 . 

3 9 . 
3 9 . 
16 . 

2 

3 

3 
1 

. 7 
2 

4 

8 

9 
5 

All a r e a s combined 92 48.9»! 119 . 3 * 176 37. 7 * 

Average of the r a t e s for a l l a r e a s . 

TABLE G13 

F r equency (f) of high ampl i tude R wave s , left type (Code III, 1) in the e l e c t r o c a r d i o ­
g r a m s of men age 40-59 y e a r s by occupat ional phys ica l ac t iv i ty c l a s s . Rate i s age 
ad jus ted r a t e p e r 1000 men . 

AREA 
OCCUPATIONAL PHYSICAL ACTIVITY CLASS 

LIGHT MODERATE HEAVY 
f r a t e f r a t e f r a t e 

U .S . Ra i l r oad Men 
E a s t F in land 
West F in land 
Zutphen 
Da lma t i a 
Slavonia 
Montegiorg io 
C r e v a l c o r e 
Rome Ra i l road 
C r e t e 
Corfu 

M e n 

29 
7 

10 

9 
0 

11 
1 

6 
5 
0 

12 

29. 7 
69 .0 

113.2 
42 . 2 

0 . 0 

88. 3 
11 .9 
54 .0 
3 6 . 4 

0. 0 
73 .6 

23 

15 
18 

23 
3 
8 
5 
4 

11 
12 
12 

19.1 
107 .4 
147.0 
40 . 6 
41 . 5 

125.7 
2 7 . 5 
2 1 . 8 
33 . 1 
61 .7 
59 .6 

24 
11 

6 
16 
60 

18 
45 

9 
23 

16 

215. 
168. 

5 7 . 
3 0 . 

122. 
4 0 . 
6 5 . 

3 6 . 
5 5 . 
9 8 . 

7 

6 
6 

5 

8 
0 
2 

6 
7 
0 

All a r e a s combined 90 4 7 . 1 * 

* Ave rage of the r a t e s for a l l a r e a s . 

134 6 2 . 3 * 428 89. 1* 
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TABLE G14 

F r equency (f) of nega t ive T waves (Code V, 1-2) in the e l e c t r o c a r d i o g r a m s of men age 
40-59 y e a r s by occupat ional ac t iv i ty c l a s s . Rate i s age adjusted r a t e p e r 1000 men . 

AREA 
OCCUPATIONAL PHYSICAL ACTIVITY CLASS 

LIGHT MODERATE HEAVY 
f r a t e f r a t e f r a t e 

U . S . Ra i l r oad Men 
E a s t F in land 
Wes t F in l and 
Zutphen 
Da lma t i a 
S lavonia 
Montegiorg io 
C r e v a l c o r e 
Rome Ra i l road Men 
C r e t e 
Corfu 

17 

9 
5 

7 
0 

4 
1 

4 
2 

0 

6 

17 . 

9 1 . 
5 2 . 

2 7 . 
0 . 

2 6 . 

1 1 . 
3 2 . 
2 0 . 

0 . 

3 1 . 

3 
, 8 
4 

9 
0 

7 

9 
2 

8 
0 
6 

All a r e a s combined 55 2 8 . 4 * 

* Ave r age of the r a t e s for a l l a r e a s . 

3 
8 
3 
8 
0 
0 

3 
2 
2 
2 

5 

10.7 
57. 8 
27 .2 
14 .6 
0 . 0 
0 . 0 

17 .4 
11 .3 

9 . 2 
9 . 2 

24 .3 

46 1 6 . 5* 

10 
5 
1 
3 
8 
4 

11 
1 
2 
0 

45 

18.2 
8 .3 
9 . 6 
4 . 8 

13 .4 
7 .6 

14 .8 
3. 8 
4. 8 
0 .0 

8 .5* 

TABLE G15 

F r euqency (f) of pos t e x e r c i s e S-T d e p r e s s i on (Code XI, 1-4) in the e l e c t r o c a r d i o g r a m s 
of m e n age 40-59 y e a r s by occupat iona l phys ica l ac t iv i ty c l a s s . Rate i s age ad jus ted 
r a t e p e r 1000 m e n . 

AREA 

U .S . Ra i l r oad Men 
E a s t F in land 
West F in land 
Zutphen 
Da lma t i a 
S lavonia 
Monteg iorg io 
C r e v a l c o r e 
Rome Ra i l road Men 
C r e t e 
Corfu 

OCCUPATIONAL PHYSICAL ACTIVITY CLASS 
LIGHT MODERATE HEAVY 

f r a t e f r a t e f r a t e 

56 
3 
6 

15 
2 
6 
6 
5 

10 

3 
10 

59 .0 
36 .0 
7 7 . 5 
6 4 . 8 
31 .2 
50. 1 

122 .6 
37 .0 
70 .9 
5 8 . 4 
63 . 6 

All a r e a s combined 122 6 1 . 0 * 

. * Ave r age of the r a t e s for a l l a r e a s . 

42 
8 
4 

25 
1 
1 

13 
10 

9 
13 

10 

35 .4 
61 .9 
32 . 4 
43 .6 

8 . 9 
16.7 
67 . 7 
58 .0 
24 .9 
57 .9 
4 7 . 8 

136 4 1 . 4* 

19 
4 
5 
9 

17 
21 

8 
24 
10 

125 

13. 8 
2 7 . 8 
41 . 4 

7 . 8 
17 .5 
33 .0 
32 .7 
37 .3 
55 .7 
59 .0 

32.6 
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(62.3 per 1 000) workers are statistic­
ally significant (d = 15.2, S. E. = 6.52, 
p <C02) as is that between heavy (89.1 
per 1 000) and moderate workers (d = 
26.8, S. E. — 6.13, p < .0001) . The 
difference exists within each 5-year age 
class. 

Negative T Waves (V, 1—2). Table 
G14 and Figure G7 show the regular 
decrease in prevalence of important 
negative T waves among men in 
occupations involving light (28.4 per 
1 000), moderate (16.5 per 1 000) and 
heavy (8.5 per 1 000) physical activity. 
The difference in prevalence rate be­
tween light and moderate activity 
classes (S. E. = 4.04, p = .003) and 
between moderate and heavy activity 
classes (S. E. = 2.50, p = .001) are 
both statistically significant. The 
association is principally due to the 
findings in the decade 50—59 years. 

Post-exercise S-T Depression (XI, 
1—4). Table G l5 and Figure G7 
indicate the consistent reduction in post-
exercise S-T depressions, all types, 
among men of all areas with increasing 
habitual physical activity of occupation. 
If anything, the prevalence among sed­
entary men is underestimated since they 
are more likely than the average to be 
excluded for disabilities from the 
standard work test. 

Though the difference in prevalence 
between light (61.0 per 1 000) and 
moderate (41.4 per 1 000) workers is 
clearly significant statistically (d = 
19.6, S. E. = 3.23, p = .001), and that 
between moderate and heavy (32.6 per 
1 000) is only of doubtful significance 
(d = 0.8, S. E. = 4.30, p = .05) the 
trends are consistent throughout the de­
tailed analyses by quinquennial age 
class. 

Discussion and Conclusions 

If large Q waves so-defined (1,1) 
represent in fact a core of well estab­
lished coronary cases (infarction), the 
relationship seen here between preva­
lence of coronary disease and activity 
habit is impressive. However, it must 
be recalled that several influences tend 
to concentrate prevalence of this disease 
in sedentary classes in cross-sectional 
surveys, including retirement and job 
change due to illness (Taylor et al., 
1964). Most of this bias is eliminated, 
but possibly not all, in the mode of 
sampling, interrogation and classifica­
tion used in these studies. 

Left axis deviation of severe degree 
is not influenced by activity class 
though there are leftward trends of 
QRS axis observable among athletes 
(Rautaharju, 1958). 

Clearly the left ventricular mass, 
crudely reflected in high voltages at 
specified surface leads (Code III, 1) 
would appear to be associated with the 
habitual occupation of middle-aged 
men. The finding cannot be adequately 
explained by differences in body build 
or the absence of insulating subcutan­
eous fat among the heavy workers. 

The same factors concentrating "cor­
onary cases" (infarct Q waves, I, 1) 
among sedentary workers, and the same 
likelihood of this being an inadequate 
explanation of the differences found, 
may apply to the excess of non-specific 
T and post-exercise S-T findings 
among these men. All three "coronary-
related" ECG findings show relation­
ships with occupation as strong as those 
found with arterial pressure and much 
more significant associations than those 
found on cross-sectional analysis with 
serum cholesterol level and smoking 
habit. 



H. GRADES OF OBESITY AND HYPERCHOLESTEROLEMIA 
— PRACTICAL STANDARDS 

For many purposes it is desirable to 
classify men with respect to body fat­
ness and serum cholesterol concentra­
tion and to identify grades of obesity 
and of hypercholesterolemia. However, 
acceptable reference standards and 
norms have been lacking and no rea­
sonable classification system has been 
seriously proposed for either variable, 
in spite of a large amount of literature 
and propaganda about the health signi­
ficance of these characteristics. 

Various cutting points have been 
used for the purposes of analyzing the 
relationship of serum cholesterol level 
to the incidence of clinical coronary 
heart disease in follow-up studies in the 
United States: 275 mg. per 100 ml. 
(Doyle et al, 1957), 260 (Dawber er 
al, 1957), 221 (Keys et al, 1963), 256 
(Paul er al, 1963), 270 (Chapman and 
Massey, 1964). Many opinions have 
been hazarded about the "normal range" 
or "upper limit of normality" for serum 
cholesterol; insofar as these have any 
real basis they mainly relate to findings, 
not properly analyzed statistically, 
on non-random samples of so-called 
"healthy" people in particular popula­
tions that are not necessarily charac­
terized by desirable distributions of this 
variable. In the United States the most 
commonly cited "range of normality" 
is 150—250 mg. cholesterol per 100 ml. 
(see, e. g. Hepler, 1951; Damm, 1965), 

but evidence to support these figures is 
not offered. As for obesity, not even 
such poorly based guidance has been 
offered; the erroneous identification of 
relative body weight with obesity is an 
unacceptable substitute which has cre­
ated much confusion. 

In most relatively developed countries 
both serum cholesterol and body fatness 
(measured by skinfolds or other objec­
tive criteria of actual fat in the body) 
are age-related, tending to rise from 
youth to reach a maximum in middle 
age. Further, at any given age high val­
ues for these variables are associated 
with increased risk of coronary heart 
disease and reduced life expectancy 
(Technical Group, 1956; Dawber er a/., 
1959; Doyle et al, 1959; Keys et al, 
1963; Paul er a/., 1963; Chapman and 
Massey, 1964). Standards proposed for 
these variables should reflect these con­
siderations if they are to be applied in 
health guidance. Obviously, it is un­
desirable to use standards based solely 
on distributions of these variables in 
populations in which obesity and high 
levels of serum cholesterol are unduly 
common and are associated with an 
unfavorable disease frequency. 

The data in the present series of stu­
dies would seem to provide suitable bas­
es, with numbers adequate for statisti­
cal treatment, for classification systems 
for obesity and hypercholesterolemia in 
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middle-aged men. The sum of the skin­
fold thicknesses (over the triceps and 
over the tip of the scapula), is a suit­
able indicator, easily measured, of body 
fatness or obesity. The samples are, 
strictly, representative only of the pop­
ulations selected for study but there 
is no reason to suggest that these 
populations are peculiar or that the 
samples are not reasonably representa­
tive of populations who are currently 
"healthy". 

Over the age range of 40 through 59 
years there are, in general, no important 
age trends in either 5 skinfolds or se­
rum cholesterol in this material. Isolated 
exceptions are tendencies for the oldest 
(55—59) U. S. switchmen to have 
higher serum cholesterol values than at 
younger ages, and, in Crete, for rela­
tive obesity to become more and more 
rare with advancing age. Accordingly, 
for many purposes, it is acceptable to 
group all men aged 40—59 in each 
sample. 

Bases for Classification — Choice of 
Samples 

The combined data from all samples 
of men studied could be used as the 
basis for a proposed classification in re­
gard to obesity and hypercholesterole­
mia and, as will be seen, one set of 
calculations was made on this basis. 
However, the examination findings as 
well as vital statistics suggest separa­
tion of the samples into two categories: 
the men in Finland, the Netherlands 
and in the U.S.A. (Group A) and the 
men in Greece, Italy and Yugoslavia 
(Group B). Further, it seemed wise to 
omit for these purposes the data from 
Japan and Nicotera (because of some 
questions as to comparability of ECG 
data) and from the Rome railway men 
(because of questions about the 
sample). 

Table H i summarizes death rates 
from the sum of all causes in 1961 (data 
compiled by the World Health Organi­
zation) and prevalence rates of ECG 
abnormalities in the samples studied. 
The death rate averages were computed 
as unweighted averages of the rates for 
the countries concerned and also as 
weighted averages, using the figures for 
population of men of specified age in 
each country. Whichever average is 
used among men of these ages the death 
rates are substantially lower in Group 
B countries than in Group A. Using the 
unweighted averages, for all ages 40— 
59, the Group A rate is 127.9 per cent 
of the Group B rate; for weighted aver­
ages the rate is 123.5 per cent. 

In the samples studied, the prevalence 
of ECG evidence of definite or possible 
coronary heart disease is about twice 
as high in Group A as in Group B 
countries. For major Q waves (Code I, 
1 ) the unweighted averages for the 
four 5-year age classes are 9.98 per 
1 000 men in Group A, 4.03 in Group 
B countries; this difference is highly 
significant (chi-square = 8.882, p = 
0.002). If we add to these prevalences 
those for T inversion or S-T depression 
in rest, the rates are 32.9 per 1 000 men 
in Group A and 17.4 in Group B; this 
difference is even more highly signifi­
cant. 

Norms for 2 Skinfolds and Serum 
Cholesterol Classes 

Figure H i shows the 2 skinfold dis­
tributions (on a probability scale) for 
all 18 samples of men and for the sam­
ples of men in rural Italy, Yugoslavia 
and Greece ("Group B" countries). Fig­
ure H2 similarly shows the distribu­
tions of serum cholesterol values. These 
graphs allow easy selection of appro­
priate cutting points to define grades 
of obesity and hypercholesterolemia. 
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TABLE Hl 

Comparison of men of specified age in GROUP A countries (Finland, Netherlands, 
U.S.A. , white) and in GROUP B countries (Greece, Italy, Yugoslavia). Death rates 
(196 1) from all causes (per 100,000), and prevalence of specified E. C. G. abnormali­
t ies . Values for ages 40-59 are unweighted averages of values for the quinquennial 
age groups. 

COUNTRIES ITEM 40-44 45-49 50-54 55-59 40-59 

Group A Death rate, unweighted av. 
B " " " " 

Group A Death rate, population weighted av. 
u r> t l M II It I I 

Group A No. men in samples studied 
11 p> I ! 1 1 1 ! T T T | 

Group A Old infarcts/1000 
B " " " 

Group A Infarcts + cases T, ST abnormal/1000 26 
IT TD II II I! M i l II 

401 
322 

402 
334 

1080 
897 

7.4 
0 

26.8 
10.0 

646 
493 

670 
526 

1076 
1312 

7.5 
2.3 

29. 8 
18. 8 

1071 
814 

1123 
875 

1175 

1399 

9.4 
7. 1 

28. 1 
20. 7 

1674 
1343 

1702 
1441 

1156 
1187 

15.6 
6.7 

46.7 
20.2 

948 
743 

974 
794 

4487 
4795 

10.0 
4.0 

32. 9 
17.4 
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TABLE H2 

C lass i f i ca t ions of obes i ty and h yp e r c ho l e s t e r o l em i a based on d i s t r ibu t ions 
of m e n in a l l s a m p l e s , excluding J apan and N i co t e r a (A + B) and in G r e e c e , 
I ta ly and Yugoslavia , excluding Rome r a i lway m e n and N ico te ra (B). 

CLASSIFICATION OBESITY 
SKINFOLDS % of MEN 

A+B) Range (mm. ) in Range 

HYPERCHOLESTEROLEMIA 
CHOLESTEROL % of MEN 
Range (mg. / 100 . ) in Range 

1. 

2 . 

3 . 
4 . 

Seve r e 
Ma rked 
Mode ra t e 
Slight 

ove r 45 
40 -45 
36-39 
33-35 

4 . 8 
4 . 8 
5 . 2 

5 . 2 

over 310 
291-310 
276-290 
261-275 

4. 7 
4 . 3 
5. 0 
6 . 8 

1. 

2 . 

3 . 
4 . 

Seve re 
Marked 
Mode ra t e 
Slight 

over 37 
32-37 
29 -31 
26-28 

4 . 9 
5 . 2 

4. 1 
5 . 4 

over 270 
251-270 
241-250 
231-240 

4 . 9 
5 . 3 

4. 3 
5 . 2 

TABLE H3 

P e r c e n t a g e s of men who exceed specif ied va lues for Z skinfolds and for s e r u m c ho l e s ­
t e r o l . Va lues specif ied a r e t hose above which a r e found 20%, 15%, 10% and 5% of men 
in the combined d i s t r ibu t ion of " l o w - r i s k " a r e a s . 

SAMPLE Z Skinfolds (mm. ) over : 
25 28 31 37 

S e r um Cho l e s t e ro l m g . % over : 
230 240 250 270 

1. U .S . Swi tchmen 
2. U .S . Sed. C l e rk s ' 
3 . U . S . Non-Sed. C l e r k s 
4. U .S . Execu t ives 
5. E a s t F in land 
6. Wes t F in l and 
7. Zutphen 
8. Da lma t i a 
9. S lavonia 

10. C r e v a l c o r e 
11 . Montegiorg io 
12. C r e t e 
13. Corfu 
14. Vel ika K r s n a 
15. Rome Ra i l r o ad Men 
16. T anu sh ima ru 
17. Ushibuka 
18. N i co te ra 

Mean, L ines 1-7 
Mean, L ines 8-14 
Mean, L ines 1-18 

67 
76 

71 
77 
16 
20 
42 

16 

17 

39 
16 
13 

16 

7 
51 

8 

-
16 

53 
18 
33 

58 

66 
62 

69 
12 

15 
32 
12 
13 

31 
10 

9 
12 

5 

4 1 
5 

-
12 

45 
13 

27 

48 

54 

55 

59 
9 

11 
22 

8 
10 

25 

7 
6 

9 
2 

32 
3 

-
8 

37 
10 
22 

29 
33 

3 8 

39 
5 
7 

10 

3 
5 

13 
4 
2 

4 
1 

18 
2 

-
5 

23 
5 

13 

55 
55 

54 

60 
73 
6 8 
50 

16 
22 
22 

21 

27 
2 4 

2 

2 8 

19 
1 

12 

59 
19 
34 

46 

46 

47 
53 
67 
60 
41 
10 

17 
17 
16 
20 

18 
1 

2 1 
16 

0 

6 

51 
14 

28 

38 

38 
42 
4 5 
60 
52 

32 
6 

12 
11 
11 
15 
13 

0 

15 
13 

0 

3 

4 4 
10 
23 

24 

2 4 

25 
22 
46 
36 

19 
3 
5 
6 
6 
7 
6 
0 

7 

9 
0 
0 

2 8 
5 

14 
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If the top 20 per cent of the distribu­
tion is considered to represent obesity 
or hypercholesterolemia, grades may be 
assigned: Grades 1, 2, 3 and 4 are the 
80th to the 84th centiles, 85th to «9th, 
90th to 94th and 95th or over. Descrip­
tive terms may be applied to these cuts: 
'slight', 'marked', 'severe', and 'extreme', 
respectively. Table H2 gives these 
cutting points for all samples combined 
and for the six samples in Group B 
countries. 

In view of the superiority of the 
Group B countries in death rates and 
in ECG findings, it seems proper to ad­
vocate the B classification system in 
questions concerning "health" and risk 
of death or coronary heart disease at 
these ages. Table H3 shows the preva­
lence of obesity and of hypercholester­
olemia, with this classification, in each 
of the samples studied. 



APPENDIX 
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CODES FOR OCCUPATIONS - BY CLASSES 

I. PROFESSIONAL IV. CLERICAL, ETC. CONT. 

1 Architect 
1 Engineer (design, e tc . ) 
2 Ar t i s t , sculptor 
2 Newspaperman 
2 L ib ra r i an 
2 Musician, composer 
2 Writer 
3 Dentist 
4 Doctor (M. D. ) 
5 Druggist 
5 Pha rmc i s t 
6 Judge 
6 Lawyer 
7 Mili tary officer 
8 Monk 
8 Pas to r 
8 P r i e s t 
8 Rabbi 
9 Scientist , chemist , economist, 

psychologist, s tat ist ician, ma the­
matician, physicist 

10 Teacher , school adminis t ra tor 

II. BUSINESS, GOVERNMENT OFFICIAL, ETC. 

11 Businessman 
11 Executive 
11 Manager, bus iness , not farm 
11 Merchant 
12 Government official 
12 Tax col lector , a s s e s s o r 
13 Landowner 
13 P rop r i e to r , employer 
13 Shopowner 
14 Salesman, office or t ravel l ing 
15 Salesman, shop or s tore 

i n . FOREMAN 

24 
25 
26 
26 
26 

Railroad c lerk 
Draftsman 
Telegrapher 
Telephonist 
Typist 

V. PROTECTION, ETC. 

27 F i r eman 
28 Guard, customs agent 
28 Pol iceman 
29 Pos tman, mai lman 
30 Watchman 

VI. FOOD HANDLER 

31 Baker 
32 Butcher 
33 Candy or pas t ry maker 
34 Cook, chef 
35 Dairyman, cheese maker , e tc . 
36 Grocer 
37 Miller 
38 Restaurant , cafe keeper, inn 

keeper, coffee house keeper 
39 Waiter 

VII. SKILLED LIGHT CRAFTS 

40 Harness make r , saddle maker 
40 Shoemaker 
41 Jeweler 
41 Watchmaker, watch r epa i r ­

man, horologist 
42 Photographer 
43 P r i n t e r , bookbinder 
43 Tailor 
44 Undertaker , mor t ic ian 

16 Building t r ades 
17 Factory 
18 Logging and lumber 
19 Mining 
20 Misc. foreman 
21 Road and ra i l road 
22 Ship's officer 

IV. CLERICAL, ETC. 

23 Accountant, cashier in bank 
24 Clerk, s tenographer, s e c r e t a ry 
24 Cashier in s tore , r es taurant 
24 Postal c lerk 

VUI. TRANSPORTATION 

24 Railroad c lerk 
45 Dock worker 
45 Stevedore, longshoreman 
46 Dr iver , auto, bus, taxi , 

chauffeur 
47 Dr iver , mule , h o r s e , e tc . 
48 Conductor (railway, t rol ley, 

bus) 
48 Railroad conductor, b rakeman 
48 Bus or s t ree t car (trolley) 

conductor 
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VIII . T R A N S P O R T A T I O N C O N T . XII I . F A C T O R Y W O R K E R S 

49 R a i l r o a d d i s p a t c h e r , s t a t i o n m a s t e r 
50 R a i l r o a d e n g i n e e r , f i r e m a n 
51 R a i l r o a d m a i n t e n a n c e of w a y 
52 R a i l r o a d s w i t c h m a n 
53 S a i l o r (not o f f i c e r ) 

IX. BUILDING TRADES 

16 Bu i l d i ng t r a d e s f o r e m a n 
54 B r i c k l a y e r 
54 M a s o n , s t one m a s o n , s t o n e c u t t e r , s t one 

w o r k e r 
55 B u i l d e r , g e n e r a l 
56 C ab i n e t m a k e r , j o i n e r 
56 C a r p e n t e r , f i n i s h 
57 C a r p e n t e r , g e n e r a l 
58 C e m e n t w o r k e r 
58 P l a s t e r e r 
59 E l e c t r i c i a n 
60 P a i n t e r 
6 1 P l u m b e r , p i p e f i t t e r XV . 

X. METAL WORKER, MECHANIC 

62 B l a c k s m i t h 
62 I r o n w o r k e r 
62 F o u n d r y m a n 
63 E n g i n e e r , s t a t i o n a r y 
64 M a c h i n i s t 
64 M e c h a n i c , g e n e r a l 
64 W e l d e r 
65 M e c h a n i c , a u t o 

XI . A G R I C U L T U R E , F I S H E R I E S , F O R E S T I N G 

66 S u r v e y o r 
66 A g r o n o m i s t , a g r i c u l t u r a l i s t 
67 F a r m e r , e m p l o y e e , f a r m h a n d , 

f a r m w o r k e r , f i e l dhand 
68 F a r m e r , m a n a g e r , s h a r e c r o p p e r 
69 F a r m e r , s e l f - e m p l o y e d 
70 F i s h e r m a n 
71 F l o w e r g r o w e r , f l o r i s t 
71 T r u c k g a r d e n e r 
72 F o r e s t e r 
73 L o g g e r , l u m b e r j a c k 
74 L u m b e r m a n 
75 H e r d s m a n , s t a b l e m a n 
75 S h e p h e r d 

XII . MINES 

17 F o r e m a n 
78 L i g h t w o r k 
79 M o d e r a t e w o r k 
80 H e a v y w o r k 

XIV. S E R V I C E S 

39 W a i t e r , food h a n d l e r 
45 P o r t e r , b e l l m a n , b e l l h o p 
71 G a r d e n e r 
81 A t t e n d a n t , u s h e r 
81 N u r s e 
82 B a r b e r 
83 B a r m a n 
84 J a n i t o r 
85 S e r v a n t 
86 S o l d i e r (not o f f i c e r ) , b o r d e r 

g u a r d 
87 S t r e e t c l e a n e r 

G E N E R A L L A B O R 

51 R o a d b u i l d e r , m a i n t e n a n c e 
88 C h i m n e y s w e e p 
88 L a b o r e r , c o m m o n 
88 Odd j o b s , h e a v y 
88 U n s k i l l e d l a b o r e r , w o r k m a n 
89 Q u a r r y m a n 

XVI . M I S C E L L A N E O U S 

89 E n t e r t a i n e r 
90 Odd j o b s , not h e a v y 
91 P e d d l e r , h a w k e r 
92 M i s c . s k i l l e d & s e m i - s k i l l e d 

c r a f t s e . g . , l o c k s m i t h , t i n ­
s m i t h o r s h e e t m e t a l w o r k e r , 
f u r r i e r , g l a s s b l o w e r , g l a z e r , 
•well d r i l l e r , e t c . 

92 C o o p e r , p o t t e r , w e a v e r , 
b a s k e t m a k e r 

93 S tuden t 
94 W a r e h o u s e m a n , w a r e h o u s e -

w o r k e r 

XVII . N O T O C C U P I E D 

95 P e n s i o n e r , r e t i r e d 
96 B e g g a r 
97 I n v a l i d 
98 U n e m p l o y e d 

19 M in i ng f o r e m a n 
76 Miner, underground 
77 Mine worker, aboveground 
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CODES FOR OCCUPATIONS - ALPHABETICAL, 

Code 
No . 

23 
66 

1 
2 

12 
81 
31 
82 
83 
96 
45 
62 
43 
54 
55 
16 
11 
32 
56 
33 
56 
57 
23 
24 
58 
46 
34 

9 
88 
24 
12 
48 
34 
92 
28 
35 

3 
45 

4 
25 
46 
47 

5 
9 

59 
13 

1 
63 
89 

Occupation 

Accountant 
Agronomist , agr icul tura l i s t 
Architect 
Ar t is t , sculptor 
As se s so r , tax 
Attendant 
Baker 
Barber 
Barman 
Beggar 
Bellman, bellhop 
Blacksmith 
Bookbinder 
Br icklayer 
Builder, general 
Building t r ades foreman 
Businessman 
Butcher 
Cabinet maker , joiner 
Candy maker 
Carpenter , finish 
Carpenter , general 
Cashier , bank, etc. 
Cashier , s to re , r e s tauran t 
Cement worker 
Chauffeur 
Chef 
Chemist 
Chimney sweep 
Clerk 
Collector, tax 
Conductor (railway, t ro l ley , bui 
Cook 
Cooper 
Customs agent 
Dairyman, cheese make r , e tc . 
Dentist 
Dock worker 
Doctor (M.D. ) 
Draftsman 
Driver , auto, bus, e tc . 
Dr iver , mule , ho r se , e tc . 
Druggist 
Economist 
E lec t r ic ian 
Employer 
Engineer (design, e tc . ) 
Engineer, s tat ionary 
En te r ta iner 

Code 
N o . 

11 
17 
78 
79 
80 
6 7 
68 
69 
27 
70 
71 
72 
16 
17 
18 
19 
20 
21 
62 
71 
12 
36 
28 
40 
75 
38 
97 
62 
84 
4 1 
56 
6 

88 
13 
6 
2 

73 
18 
45 
74 
6 4 
11 
6 8 
54 

9 
65 
6 4 
11 
7 

Occupation 

Executive 
Fac tory foreman 
Fac tory , light work 
Fac tory , moderate work 
Fac tory , heavy work 
F a r m e r , employee, farmhand 
F a r m e r , manager , share cropper 
F a r m e r , self-employed 
F i r eman 
F i she rman 
Flower grower, f lorist 
F o r e s t e r 
Foreman, building t rades 
Fo reman , factory 
Foreman , logging and lumber 
Fo reman , mining 
Foreman , miscel laneous 
Fo reman , road and ra i l road 
Foundry man 
Gardener 
Government official 
Grocer 
Guard 
Harness maker 
Herdsman, s tableman* 
Inn keeper 
Invalid 
Iron worker 
Jani tor 
Jeweler 
Joiner 
Judge 
Labore r , common 
Landowner 
Lawyer 
L ib ra r ian 
Logger , lumberjack 
Logging and lumber foreman 
Longshoreman 
Lumberman 
Machinist 
Manager, bus iness , not farm 
Manager, farm 
Mason* 
Mathematician 
Mechanic, auto 
Mechanic, general 
Merchant 
Mil i tary officer 
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Code 
No. Occupation 

37 Miller 
76 Miner , underground 
77 Mine worker , aboveground 
19 Mining foreman 
20 Miscellaneous foreman 
92 Miscellaneous skilled and s em i ­

skilled c raf ts* 
8 Monk 
2 Musician, composer 
2 Newspaperman 

81 Nurse 
88 Odd jobs , heavy 
90 Odd jobs, not heavy 
12 Official, government 
60 Pa in te r 

8 P a s t o r 
33 P a s t r y maker 
91 Peddle r , hawker 
95 Pens ioner 

5 Pha rmac i s t 
42 Photographer 

9 Phys ic is t 
61 Pipe f itter 
58 P l a s t e r e r 
6 1 Plumbe r 
28 Pol iceman 
45 Po r t e r 
24 Pos ta l c l e rk 
29 Pos tman, mai lman 
92 Po t te r 

8 P r i e s t 
43 P r i n t e r 
13 P rop r i e to r 
9 Psychologist 

89 Quar ryman 
8 Rabbi 

21 Rai l road foreman 
24 Rai l road c l e rk 
48 Rai l road conductor, b rakeman 
49 Rai l road d ispatcher , s tation m a s t e r 
50 Rai l road engineer, f i reman 
51 Rai l road maintenance of way 
52 Rai l road switchman 
38 Res tauran t , cafe keeper , inn 

keeper , coffee house keeper 
95 Ret i red 
51 Road bui lder , maintenance 
2 1 Road and r a i l road foreman 
40 Saddle make r 
53 Sailor (not officer) 

Code 
No . 

14 
15 
9 

10 
24 
85 
75 
21 
40 
13 
92 
86 

9 
24 
45 
87 
93 
66 
43 
12 
46 
10 
26 
26 
71 
26 
44 
98 
88 
81 
39 
94 

41 

30 
92 
64 

2 

Occupation 

Salesman, office or t ravel l ing 
Salesman, shop or s tore 
Scientist 
School admin i s t ra to r 
Sec re ta ry 
Servant 
Shepherd 
Ship's officer (foreman) 
Shoemaker 
Shopowncr 
Skilled and semi-sk i l l ed (misc . ) 
Soldier (not officer), border 
guard 
Stat is t ician 
Stenographer 
Stevedore 
Street c leaner 
Student 
Surveyor 
Tailor 
Tax col lector , a s s e s s o r 
Taxi d r iver 
Teacher 
Te legrapher 
Telephonist 
Truck gardener 
Typist 
Under taker , mor t i c ian 
Unemployed 
Unskilled l abore r , workman 
Usher 
Waiter (food handler) 
Warehouseman or warehouse 
worker 
Watchmaker, watch r epa i rman , 
horologist 
Watchman 
Weaver, basket maker 
Welder 
Wri ter 

*Notes 

75 Herdsman: includes shepherd, goat­
herd , cowherd, swineherd, s t ab le ­
man , e tc . 

54 Mason: includes stone worker , stone 
cut ter , but not qua r ryman or cement 
worke r . 

92 Misc . skilled and semi-sk i l l ed c raf ts : 
locksmith, t insmith or sheet me ta l 
worker , f u r r i e r , g lassblower, 
g lazer , well d r i l l e r , e t c . 

23 
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SMOKING CLASSIFICATION CODES 

C a r d 
Col . 
36 

Punch 

C i g a r e t t e s 

N e v e r 
Stopped < 1 y r . 
S topped 1-9 y r s . 
S topped 10 o r m o r e y r s . 
Now < 5 / d ay 
Now 5 - 9 / d a y 
Now 1 0 - 1 9 / d a y * 
Now 2 0 - 2 9 / d a y 
Now 30 o r m o r e / d a y 

C a r d 
Co l . 
37 

P un ch 

0 
1 
2 
3 
4 
5 
6 
7 
8 

P i pe fu l s 

N e v e r 
S topped < 1 y r . 
S topped 1-9 y r s . 
S topped 10 o r m o r e y r s 
Now < 3 / day 
Now 3 - 4 / d a y 
Now 5 - 9 / d a y 
Now 1 0 - 1 9 / d a y 
Now 20 o r m o r e / d a y 

38 C i g a r s 

0 N eve r 
1 S topped < 1 y r . 
2 S topped 1-9 y r s . 
3 S topped 10 o r m o r e y r s . 
4 Now < 2 / d a y 
5 Now 2 - 4 / d a y 
6 Now 5 - 7 / d a y 
7 Now 8 o r m o r e / d a y 

39 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

F o r m e r l y 

< 5 c i g s . / d a y 
5-9 c i g s . / d a y 
10 -19 c i g s . / d a y 
2 0 -29 c i g s . / d a y 
30 o r m o r e c i g s . / d a y 
L igh t p i p e , no c i g s . 
Heavy p ipe , no c i g s . 
L igh t c i g a r , no c i g s . 
H e avy c i g a r , no c i g s . 
P i p e + C i g a r , no c i g s 

* C l a s s i f i c a t i o n s a pp l i c ab l e to U . S . R a i l r o a d s a m p l e s a r e s i m i l a r to t h e s e , though 
s l igh t ly l e s s r e f i ned . Note , h o w e v e r , t h a t fo r U . S . R a i l r o a d s a m p l e s , t he u p p e r 
l im i t for m o d e r a t e c i g a r e t t e s m o k e r s i s 20 c i g a r e t t e s p e r day r a t h e r t h an 19 a s 
i n d i c a t ed a bove . 
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THE ELECTROCARDIOGRAPHIC CODE 

The prevalence data from all a r e a s were coded sys temat ica l ly by the c lassif icat ion to 
follow. Attention is d i rected to the smal l modification found here from the original pub­
lished code {Blackburn, Keys, et a l . , I960), under i tems IV and XI. " Junct ional- type" S-T 
depress ion was thereby segregated from " i schemic- type . " Subsequent revis ion of the code, 
along with g r ea t e r detai ls of coding p rocedure is to be found in Rose and Blackburn (1965). 

Findings a r e repor ted only when they appear in the designated leads (listed on the 
r ight hand side of the classification below). "I, II, V_ -V, " means any of leads I, II, V 

__ , ; "V, through V " means all of leads V, through V , . A positive finding in any of the 
5 or b 1 °— 4 1 °~- 4 A & L 

designated leads is repor table unless the c lassif icat ion s t ipulates o therwise . Within each 
major ca tegory (Roman Numeral) only the mos t significant deviation is r epor ted (general ly 
the lowest Arabic Numeral) . A finding which mee t s a c r i t e r ion in a single complex only 
and therefore might be an ar t i fact or express ion of beat- to-beat variat ion is not to be 
r epor ted as pos i t ive . Standardization is 1 cm. = 1 mv . 

CODE FOR RESTING ELECTROCARDIOGRAMS 

COL. PUNCH CATEGORY LEADS 

I 0 NO HEREIN REPORTABLE ECG ITEMS I-VIII INCLUSIVE 

Q AND QS PATTERNS 
(Q must be 1 mm . or mo r e with associa ted R of 1 mm . or 
more) 

1 CLASS I (any of a through g) 
a. Q/R = 1/3 or mo r e and 

Q duration - 0, 03 s ec . o r m o r e I, II, V - V 
Z 6 

b. Q duration - 0 .04 s ec . or mo re I, II, V. -V, 
1 o 

c. Q duration - 0. 04 s ec . or mo r e and 
R amplitude 3 mm. or more aVL 

d. Q durat ion - 0. 05 sec . or mo re and 
a Q wave p resent in aVF Ill 

e. Q duration = 0.05 s ec . or mo re aVF 
f . QS pa t te rn when R wave is p resen t in 

adjacent p record ia l lead to the r ight V . -V . 
Z o 

g. QS pa t tern V through V 
V, through V r 1 5 
V through V. 

1 D 

Z CLASS II (any of a through i) 
a. Q/R = 1/5 to 1/3 and 

Q duration - 0 .03 s ec . o r m o r e I, II, V„ - V. 
Z 6 

b. Q duration - 0. 03 to 0.04 sec I, II, V -V. 
Z o 

c. Q durat ion = 0. 03 to 0. 04 sec . and 
R amplitude 3 mm. or mo r " aVL 

H. Q duration - 0. 04 to 0. 05 sec . and 
a wave present in a VF Ill 
Q duration - 0.04 to 0.05 sec aVF 

f . Q amplitude - 5 mm . or mo r e Ill , aVF 
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COL. PUNCH CATEGORY LEADS 

g. QS pat tern and a b s e n c e of Code VII V through V 
h. D e c r e a s i n g abso lute R ampl i tude and 

s m a l l e s t R = 2 m m . or l e s s and 
ab sence of Code III or VII V through V , V 

i . Q durat ion = 0 . 0 4 s e c . o r m o r e or a QS pa t tern . . . (Anc i l lary l e a d s , 
s e e text) 

3 CLASS III (any of a through c) 
a. Q / R = 1 /3 or m o r e and 

Q durat ion l e s s than 0 . 0 3 s e c I . H . V . - V , 
b . QS pa t tern and 

ab s ence of Code VII or III V and V 2 

c. Q /R = 1 /5 t o 1/3 and 
Q durat ion l e s s than 0 . 0 3 s e c I , U , V . - V , 

II QRS AXIS DEVIATION 
1 Left 

QRS ax i s = - 3 0 ° or g r ea t e r I , II and m 
2 Right 

QRS ax i s = +120° or g r ea t e r I, II and IH 
(The a l gebra i c s u m of ma jor po s i t i v e and ma jor 
negat ive w a v e s m u s t be negat ive in I, p o s i t i v e in 
III, and i n I m u s t be one half or m o r e of that in III) 

HI HIGH AMPLITUDE R WAVES 
1 Left 

R m o r e than 26 m m V , V . 

R m o r e than 20 m m 1,11,111, a V F 
R m o r e than 12 m m aVL 

2 Right 
QRS durat ion l e s s than 0. 12 s e c . and R ampl i tude = 5 m m . 

or m o r e and R / S ra t io = 1. 0 or m o r e and QRS t rans i t i on 

zone or d e c r e a s i n g R / S to left of V . . (Includes i n c o m ­

p l e t e R B B B wh ich m e e t s above c r i t e r i a ) V 

IV S - T JUNCTION AND SEGMENT 
(Measured f r om preced ing P - R in terva l a t onse t of QRS) 

D e p r e s s i o n : 
1 S - T - J d e p r e s s i o n of 1 m m . or m o r e and S - T s e g m e n t 

hor i zonta l or downward s lop ing I, II, aVL , a V F , 
V -V 
V I V 6 

2 S - T - J d e p r e s s i o n 0. 5 - 0 . 9 m m . and S - T s e gmen t 
hor izonta l or downward s loping I , I I , aVL, a V F , 

V V 6 
3 No S - T - J d e p r e s s i o n a s m u s t as 0. 5 m m . but S - T s e g ­

men t s lop ing down and r each ing 0. 5 m m . or m o r e b e low 
P - R ba se l ine I, II, a V L . a V F , 

V - V 
1 6 
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COL. PUNCH CATEGORY LEADS 

4 S -T-J depress ion of 1 m m . or mo r e and S-T segment 

upward sloping I, II, aVL, aVF, 
v r v 6 

V T WAVE ITEMS 
1 T amplitude = minus 5 m m . or mo re I, II, V -V. 

when R amplitude = 5 mm . or more aVL 
when QRS mainly upright aVF 

2 T amplitude = minus 1 to 5 m m I, II, V ? -V, 
when R amplitude = 5 mm . or more aVL 
when QRS mainly upright aVF 

3 T wave flat or small diphasic (negative phase l ess 
than 1 m m . ) I, II, V -V. 
when R amplitude = 5 mm . or mo re aVL 
when QRS mainly upright aVF 

VI A-V CONDUCTION 
1 Complete A-V block (permanent or intermittent) any 
2 Pa r t i a l A-V block any 
3 P -R interval over 0 .21 sec . (any hear t rate) 1,11,111 
4 Accelerated conduction ("Wolff-Parkinson-White") . . . . any 

VII VENTRICULAR CONDUCTION 
1 Left bundle branch block (LBBB): 

QRS duration 0. 12 sec. or g rea ter in 1,11,111 
and R peak duration 0. 06 sec , or mo re in any of I, I I .aVL, V , V. 

2 Complete r ight bundle branch block (RBBB): 
QRS duration 0. 12 sec . or g rea ter in 1,11,111 
and R p r ime g rea ter than R in V 

3 Incomplete RBBB: R p r ime g rea ter than R and 
QRS duration l ess than 0. 12 sec V1 

(report under III, 2 if those c r i t e r i a a r e met) 
4 In t raventr icular block: QRS 0. 12 sec . or mo re 

and no LBBB or RBBB pat tern 1,11,111 

VIII ARRHYTHMIAS 
0 Any combination of a r rhy thmias below 
1 Frequent (10 per cent or mo r e of r ecorded beats) 

p remature au r icu la r , nodal or ventr icular beats 
2 Ventricular tachycardia (over 100/min. ) 
3 Atr ial f ibrillation or flutter 
4 Supra-ventr icular tachycardia 
5 Ventricular ( idioventricular) rhythm (up to 100/min. ) 
6 A-V nodal rhythm (up to 100/min. ) 
7 Sinus tachycardia (over 100 /min. ) 
8 Sinus bradycardia (under 50/min. ) 
9 Arrhythmias not mentioned above 

CODE FOR POST-EXERCISE ELECTROCARDIOGRAMS 

X EXERCISE TEST 
1 No exerc ise tes t made 
2 Exerc i se tes t stopped 
3 Exerc ise tes t completed 
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COL. PUNCH CATEGORY 

XI S-T ITEMS POST-EXERCISE 
1 Change from no coded S-T i tem at r e s t to S-T i tem Type IV, 1 

pos t -exerc ise 
2 Change from no coded S-T i tem at r e s t to S-T i tem Type IV, 2 

pos t -exerc ise 
3 Change from no coded S-T i tem at r e s t to S-T i tem Type IV, 3 

pos t -exerc ise 
4 Change from no coded S-T i tem at r e s t to S-T i tem Type IV, 4 

pos t -exerc i se 
5 Change from one coded S-T i tem at r e s t to a lower numerical S-T 

i tem pos t -exerc i se (IV, 3 to Type IV, 1, e tc . ) 
é Change from one coded S-T i tem at r e s t to a higher numerical 

i tem pos t -exerc i se (IV, 1 to Type IV, 3, e tc. ) 
7 No change from rest ing coded S-T i tem 
8 Change from any coded S-T i tem at r e s t to no reportable S-T 

i tem pos t -exerc i se 
9 Questionable S-T depression pos t -exerc ise due to technical 

considerations 

XII T ITEMS POST-EXERCISE 
1 Change from no coded T i tem at r e s t to T i tem Type V, 1 

pos t -exerc ise 
2 Change from no coded T i tem at r e s t to T i tem Type V, 2 

pos t -exerc ise 
3 Change from no coded T i tem at r e s t to T item Type V, 3 

pos t -exerc ise 
4 Change from one coded T i tem at r e s t to a lower numerical 

T i tem pos t -exerc i se (V, 3 to Type V, 2, etc. ) 
5 Change from one coded T i tem at r e s t to a higher numerical 

T i tem pos t -exerc ise (V, 2 to Type V, 3, etc. ) 
6 No change from rest ing coded T i tem 
7 Change from any coded T i tem at r e s t to no reportable T i tem 

pos t -exerc ise 
8 Questionable T i tem pos t -exerc ise due to technical considerations 

XIII A-V CONDUCTION, POST-EXERCISE 
1 Change from no coded A-V conduction i tem at r e s t to complete 

A-V block pos t -exerc ise 
2 Change from no coded A-V conduction i tem at r e s t to par t ia l 

A-V block pos t -exerc i se 
3 Change from no coded A-V conduction i tem at r e s t to P -R 

interval more than 0.21 sec . pos t -exerc ise 
4 Change from no coded A-V conduction i tem at r e s t to 

accelerated conduction 
5 Change from one coded A-V conduction i tem at r e s t (VI, 1-4) to 

another A-V condution i tem pos t -exerc ise 
6 No change from rest ing coded A-V conduction i tem 
7 Change from any A-V conduction i tem a t ' r e s t to no A-V con­

duction i tem pos t -exerc i se 

XIV VENTRICULAR CONDUCTION, POST-EXERCISE 
1 Change from no coded ventricular conduction i tem at r es t to 

left bundle branch block (LBBB) 
2 Change from no coded ventricula conduction item at r es t to 

complete right bundle branch block (RBBB) 
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COL, PUNCH CATEGORY 

3 Change f r o m no coded v e n t r i c u l a r conduc t ion i t e m a t r e s t to 
i n c o m p l e t e r i gh t bund le b r a n c h b l ock 

4 Change f r o m no coded v e n t r i c u l a r conduc t ion i t e m a t r e s t to 
i n t r a v e n t r i c u l a r b lock 

5 Change f r o m one coded v e n t r i c u l a r c onduc t ion i t e m a t r e s t 
(VII, 1-4) to a n o t h e r v e n t r i c u l a r c onduc t i on i t e m p o s t - e x e r c i s e 

6 No c hange f r o m r e s t i n g coded v e n t r i c u l a r c onduc t ion i t e m 
7 Change f r o m a ny v e n t r i c u l a r c onduc t i on i t e m a t r e s t (VII, 

1-4) to no v e n t r i c u l a r c onduc t ion i t e m p o s t - e x e r c i s e 

XV ARRHYTHMIAS, P O S T - E X E R C I S E 
( exc lude VIII, 7 - 8 , s i nu s t a c h y - and b r a d y c a r d i a ) 

1 Change f r o m no coded a r r h y t h m i a a t r e s t to any r e p o r t a b l e 
a r r h y t h m i a p o s t - e x e r c i s e 

2 Change f r o m one coded a r r h y t h m i a a t r e s t to a n o t h e r 
a r r h y t h m i a p o s t - e x e r c i s e 

3 No c hange f r o m coded r e s t i n g a r r h y t h m i a 
4 Change f r o m any a r r h y t h m i a a t r e s t to no a r r h y t h m i a p o s t -

e x e r c i s e 
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"STANDARD" AVERAGE RELATIVE BODY WEIGHT 

The following table was used for calculating the relative body weights 

for the men in all samples . It is based on the table of average weights for 

height and age resulting from the Medico-Actuarial Mortality Investigations 

(Association, 1912, Davenport, 1923), reproduced in many places and some­

times improperly referred to as "Davenport 's Table" (see Keys and Brozek 

1953, pp. 250-256). 

The original tabular values in English units, converted to the met r ic 

system, were graphed and the lines smoothed by hand. Interpolations and 

some small extrapolation were made where necessary . 

As applied here , the tabular values refer to height without shoes, and 

weight wearing only light underclothing. Values in the body of the table a re 

weights in kilograms for height in steps of 0. 5 cm. 
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Ht., 

cm. 

155 
156 
157 
158 
159 

160 
161 
162 
163 
164 

165 
166 
167 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
189 

190 
191 
192 
193 
194 

20 YEARS 

. 0 

54.0 
54. 5 
55. 1 
55.6 
56. 1 

56. 7 
57. 2 
57.7 
58. 3 
59.0 

59.7 
60.4 
61. 2 
61. 9 
62.6 

63. 3 
64.0 
64.8 
65.4 
66.2 

66.9 
67.6 
68. 3 
69.0 

69. 8 

70. 5 
71. 3 
72. 2 
73. 1 
74.0 

74.8 

75. 7 
76.6 
77.6 
78.4 

79. 3 
80.2 
81. 1 
82.0 
83.0 

. 5 

54. 3 
54.8 
55.4 

55.9 
56.4 

56.9 
57.4 
58.0 
58.6 
59.4 

60. 1 
60.8 
61.6 

62.3 
63.0 

63.7 
64.4 
65. 1 
65.8 
66.6 

67. 3 
68. 0 
68. 7 
69.4 
70. 2 

70.9 
71. 7 
72.6 
73.5 
74.4 

75. 2 

76.1 

77. 1 
78.0 
78.8 

79. 7 
80.7 
81.6 
82.5 
83.4 

21 YEARS 

. 0 

54.5 
55.0 
55.5 
56. 1 
56.6 

57. 1 
57.8 
58. 5 
59.2 
60.0 

60. 7 
61.4 
62.2 
62.8 
63.3 

63.8 
64. 5 
65. 2 
65. 9 
66.6 

67. 3 
68. 1 
68.8 

69. 5 
70. 2 

71. 0 
71.8 
72. 7 
73.6 
74.4 

75. 3 

76. 2 
77. 2 

78.0 

78.9 

79.8 
80.7 
81.6 
82.5 
83.4 

.5 

54.8 
55. 3 
55.8 
56. 3 
56.8 

57. 5 
58. 2 
58. 9 
59.6 
60.4 

61. 1 
61. 8 
62. 5 
63.0 
63. 5 

64. 2 
64. 9 
65.6 
66. 3 
67.0 

67.7 
68. 5 

69. 2 
69.9 
70.6 

71.4 
72.2 
73. 1 
74.0 
74.8 

75. 7 

76. 7 

77. 5 
78.4 

79. 3 

80. 2 
81. 1 
82.0 

82.9 
83.8 

22 Y E A R S 

. 0 

54.9 
55.5 
56.0 
56.5 
57. 1 

57.6 

58. 3 
59.0 

59. 7 
60.4 

61. 2 

61.9 
62.6 
63.2 
63.8 

64. 3 
65.0 
65.7 
66.4 
67. 1 

67. 8 
68.6 

69. 3 
70.0 
70. 8 

71. 5 
72. 3 
73. 2 
74.0 
74. 9 

75.8 

76.6 
77.6 
78.4 
79.3 

80. 2 
81. 1 
82.0 

82.9 
83.8 

.5 

55.2 
55.7 
56. 3 
.56.8 
57. 3 

58.0 
58.7 
59.4 
60. 1 
60.8 

61.6 
62. 3 
62. 9 
63. 5 
64.0 

64. 7 
65.4 
66. 1 
66.8 
67. 5 

68. 2 
69.0 

69. 7 
70.4 
71. 2 

71. 9 
72.7 
73.6 
74.4 
75.3 

76. 2 

77. 1 
78.0 
78.8 
79. 7 

80.6 
81.5 
82.4 
83.3 
84. 3 

23 Y E A R S 

.0 

55.4 

55.9 
56.4 
57.0 
57.5 

58.0 
58.7 
59.4 
60. 2 

60.9 

61.6 
62.3 
63. 1 

63.7 
64.2 

64.8 
65.4 
66.2 
66.8 
67.6 

68. 3 

69. 0 
69.8 
70. 5 
71. 2 

71. 9 
72. 8 
73.6 
74. 5 
75.4 

76. 2 

77. 2 
78. 3 
79.4 
80.2 

81. 2 
82.0 
83.0 
83.8 
84.8 

.5 

55.6 
56.2 
56.7 
57.2 
57.7 

58.4 

59.1 
59.8 
60.6 
61.3 

62.0 
62.7 
63.4 
63. 9 
64. 5 

65.1 
65.8 
66.5 
67. 2 
68.0 

68.7 
69.4 
70.2 

70.9 
71.6 

72. 3 
73. 2 
74.0 
74. 9 
75.8 

76.7 

77.8 

78.9 
79.8 
80. 7 

81.5 
82.5 
83.4 
84. 3 
85. 2 

24 YEARS 

.0 

55.8 
56.4 
56.9 
57.4 
57.9 

58.5 
59.2 
59.9 
60.6 
61.4 

62.0 
62.8 
63.5 
64. 1 
64.6 

65.2 
65.8 
66.6 
67.3 
68. 0 

68.7 
69.4 
70. 2 

70. 9 
71.6 

72.4 
73. 2 
74.0 

74.9 
76.0 

77. 2 

78. 2 
79.2 
80. 3 
81.2 

82.0 
83.0 
83.8 
84.7 
85.6 

. 5 

56. 1 
56.6 
57. 1 
57. 7 
58. 2 

58. 9 
59.6 
60. 3 

61.0 
61.7 

62.4 
63. 2 
63.8 
64. 3 
64. 9 

65. 5 
66. 2 

67. 0 
67.7 
68.4 

69.1 
69.8 
70.6 
71. 3 
72.0 

72.8 
73.6 
74.4 
75. 5 
76.6 

77. 7 

78.7 
79.8 
80.7 
81.6 

82. 5 
83.4 
84.2 
85.2 
86. 1 
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Ht. , 

cm. 

155 
156 
157 
158 

159 

160 
161 
162 
163 
164 

165 
166 
167 
168 

169 

170 
171 
172 
173 
174 

175 
176 
177 
178 

179 

180 
181 
182 
183 
184 

185 
186 
187 
188 

189 

190 

191 
192 
193 
194 

25 Y E A R S 

. 0 

56. 3 
56.6 
57. 0 
57.4 
57. 9 

58. 5 
59. 2 
59.9 
60.6 
61.4 

62.0 
62.8 
63. 5 
64. 2 
65.0 

65. 7 
66.4 

67. 1 
67.8 

68. 5 

69. 2 
69.9 
70.6 
71.4 
72. 3 

73. 2 
74. 0 
74. 9 
75. 8 
76. 9 

78.0 

79. 1 
80.2 
81. 2 
82. 1 

83. 0 
83. 8 
84. 7 
85.6 
86.6 

. 5 

56.4 
56.8 
57. 2 
57. 7 
58. 2 

58. 9 
59.6 
60. 3 
61. 0 
61.7 

62.4 
63. 2 
63. 9 
64.6 
65.4 

66. 1 
66.8 
67. 5 
68. 2 

68. 9 

69.6 
70. 3 
71.0 
71. 8 
72. 7 

73.6 
74. 4 
75. 3 
76. 4 
77. 5 

78.6 

79. 7 
80. 7 
81. 6 
82. 5 

83.4 
84. 2 
85. 1 
86. 1 
87. 0 

26 Y E A R S 

. 0 

56. 7 
57.0 
57.4 
57. 8 
58. 4 

59.0 
59.7 
60. 4 
61. 1 
61.8 

62. 5 
63. 2 
64. 0 
64. 6 
65.4 

66. 1 
66. 8 
67. 5 
68. 2 

68. 9 

69.6 
70. 4 
71. 0 
71. 8 
72. 7 

73.6 
74. 5 
75.4 
76. 4 
7 7. 4 

78.4 

79. 5 

80.6 

81. 6 
82.7 

83.8 
85.0 
86. 1 
87. 3 

. 5 

56. 9 
57. 2 
57. 6 
58. 1 
58. 7 

59.4 
60. 1 
60. 8 
61. 5 
62. 2 

62. 9 
63.6 
64. 3 
65. 0 
65. 8 

66.5 
67. 2 
67. 9 
68.6 

69. 3 

70.0 
70. 7 
71. 4 
72. 2 
73. 1 

74. 0 
74. 9 
75. 9 
76. 9 
77. 9 

79. 0 
80. 1 
81. 1 
82. 2 
83. 3 

84. 4 
85. 6 
86. 8 
88. 0 

27 Y E A R S 

. 0 

57. 2 

57. 5 

57. 9 

58. 3 

58.8 

59.4 

60.0 

60. 5 

61. 1 

61.8 

62. 5 

63. 2 

64.0 

64.6 

65.4 

66. 1 

66.8 

67.5 

68. 2 

68. 9 

69.6 

70.4 

71. 0 
71. 8 
72. 7 

73.6 
74. 6 
75. 6 
76. 7 
77. 8 

78. 9 
80.0 
81. 0 
82. 2 
83. 2 

84. 3 
85. 3 
86. 4 

. 5 

57. 3 
57. 7 
58. 1 
58.6 

59. 1 

59. 7 

60. 2 

60. 8 

61. 5 

62. 2 

62. 9 
63.6 
64. 3 
65.0 
65.8 

66. 5 
67. 2 
67. 9 
68. 6 
69.3 

70. 0 
70.7 
71.4 
72. 2 
73. 1 

74. 1 
75. 1 
7ó. 2 

77. 3 
78. 4 

79. 5 
80. 5 
81. 6 
82. 7 
83. 8 

84.8 
85. 9 
87.0 

28 Y E A R S 

. 0 

57.6 
58. 0 
58.4 
58. 8 
59. 3 

59.9 
60.4 
61. 0 
61.6 

62.4 

63. 0 
63.8 
64. 5 
65. 2 

65. 9 

66.6 
67.3 
68.0 
68.7 
69.4 

70. 2 
70.8 
71.6 
72. 3 
73. 2 

74. 1 
75. 1 
76. 1 

77. 2 
78. 3 

79. 3 
80.4 
81. 5 
82. 5 
83. 6 

84. 7 
85.8 
86. 9 
87. 5 

. 5 

57. 8 
58. 2 
58. 5 

59. 1 
59.6 

60. 2 
60. 7 
61. 3 
62. 0 
62. 7 

63.4 

64. 1 
64.8 
65. 5 
66.2 

66. 9 
67.6 

68. 3 

69. 1 
69. 8 

70. 5 
71. 2 
71. 9 
72. 7 

73. 7 

74. 6 

75. 6 

76. 7 

77. 7 

78.8 

79. 9 

80. 9 

82. 0 

83. 1 

84. 2 

85. 3 

86. 3 

87. 4 

29 Y E A R S 

. 0 

58. 1 

58.4 

58.8 

59. 2 

59. 7 

60. 3 

60. 9 

61. 5 

62. 1 

62.8 

63. 5 
64. 2 

64. 9 
65.6 
66. 3 

67. 0 
67. 7 
68.4 

69. 0 
69.8 

70. 5 
71. 2 
72.0 
72. 7 
73.6 

74. 5 
75. 5 
76. 6 

77. 7 
78. 8 

79. 8 
80. 9 
82.0 
83. 1 
84. 1 

85. 2 
86. 3 
87.4 
88. 0 

. 5 

58. 3 
58.6 
59.0 

59. 5 
60. 0 

60.6 
61. 2 
61. 8 
62. 5 

63. 2 

63.8 
64.6 
65. 2 
65. 9 
66.6 

67. 3 
68. 0 
68. 7 
69.4 
70. 1 

70. 8 

71.6 

72. 3 

73. 2 

74. 1 

75. 0 

76. 1 

77. 1 

78. 2 

79. 3 

80.4 

8?. 5 

82. 5 

83. 6 

84. 7 

85. 7 

86. 8 

87. 9 



363 

Ht. , 

cm. 

155 
156 
157 
158 

159 

160 
161 

162 
163 
164 

165 
166 
167 
168 

169 

170 
171 
172 
173 
174 

175 
176 
177 
178 

179 

180 
181 
182 
183 
184 

185 
186 
187 
188 

189 

190 

191 
192 
193 

30-31 

. 0 

58. 5 

58. 9 

59. 2 

59. 7 

60. 2 

60. 2 

61. 1 

61.7 

62. 3 

63.0 

63. 7 
64.4 
65. 1 
65.8 
66.5 

67.2 

67. 9 
68.6 

69. 2 
70. 0 

70. 7 
71. 5 
72.4 
73. 2 
74. 3 

75. 2 
76. 2 
77. 2 
78. 3 

79. 4 

80. 5 

81. 3 
82.6 
83.6 
84. 7 

85. 8 
86. 8 

87. 9 
89. 1 

YRS. 

. 5 

58. 7 

59. 1 
59.4 

59.9 
60.5 

60. 8 
61.4 
62.0 
62.7 
63. 5 

64. 0 
64. 8 
65.4 
66. 1 

66.8 

67.5 
68. 2 
68. 9 
69. 6 
70. 3 

71. 1 
72. 0 
72. 9 
73. 8 
74. 7 

75. 7 
76.7 
77. 8 

78. 9 

79.9 

81.0 
82. 1 
83. 1 

84. 2 
85. 3 

86. 3 
87. 3 
88.4 
89.6 

32-33 

. 0 

58. 8 

59. 1 
59. 5 
59.9 
60.6 

60. 8 
61. 3 
61. 9 
62. 5 
63. 2 

63. 9 
64. 6 
65. 3 
66. 0 
66.8 

67. 5 
68. 2 
69. 2 
70. 1 

70. 9 

71. 7 

72. 5 

73.4 

74. 3 

75. 3 

76. 1 

77. 1 

78. 1 

79. 5 

80. 3 

81.4 

82.4 

83. 5 

84.6 

85. 7 

86. 7 

87.8 

88. 9 

90. 0 

YRS. 

. 5 

59. 0 
59. 3 
59. 7 
60. 2 
60. 7 

61. 0 
61.6 
62. 2 
62. 9 
63.6 

64. 3 
65. 0 
65. 7 
66.4 
67. 1 

67. 8 
68. 7 
69.6 
70. 5 
71. 3 

72. 1 
73. 0 
73. 7 
74. 8 
75. 7 

76.6 
77. 6 
78. 7 

79. 7 
80. 8 

81. 9 
83.0 
84.0 
85. 1 
86. 2 

87. 3 
88. 3 

89. 5 
90. 6 

34-35 

. 0 

59. 0 
59. 3 
59. 7 
60. 1 
60. 7 

61. 2 
61. 8 
61. 4 
63. 0 

63.7 

64.4 
65. 1 
65.8 
66. 5 
67. 2 

67. 9 
68. 7 
69.6 
70. 5 
71.4 

72. 3 
73. 2 
74. 1 
75. 0 
75. 8 

76. 8 
77. 8 
78.8 

79.9 
81. 0 

82. 0 
83. 2 
84.4 
85. 5 
86.6 

87. 7 
88. 7 

89. 8 
91. 0 

YRS. 

. 5 

59. 2 
59. 5 
59.9 
60. 4 
60. 9 

61. 5 
62. 1 
62. 7 
63.4 
64. 1 

64. 8 
65. 5 
66. 1 

66. 9 
67. 5 

68. 3 
69. 2 
70. 1 
71. 0 
71. 9 

72. 7 
73. 6 
74. 5 
75.4 
76. 3 

77. 2 
78. 3 
79.4 
80. 5 
81. 5 

82.6 
83. 8 

84. 9 
86.0 
87. 1 

88. 7 

89. 5 
90. 3 
91. 6 

36-37 

. 0 

59. 4 
59. 8 
60. 2 
60.6 
61. 2 

61. 7 
62. 3 
63. 0 
63. 7 
64.4 

65. 1 
65. 8 
66. 5 
67. 2 

67. 9 

68.6 
69.4 
70. 3 
71. 2 
72. 1 

73.0 
74.4 
74. 8 
75. 7 
76.6 

77. 5 
78. 5 

79. 5 
80. 2 
81. 7 

82.8 
83. 9 
85. 2 
86.4 
87. 5 

88. 6 
89.6 
90. 7 
91. 4 

YRS. 

. 5 

59.6 
60. 0 
60. 4 

60. 9 
61. 4 

62. 1 
62. 7 
63. 3 
64. 0 
64.8 

65.4 
66. 1 
66. 8 
67. 5 
68. 2 

69. 0 

69.9 
70. 8 
71.6 
72. 5 

73.4 
74. 3 
75. 2 
76. 1 

77. 0 

77. 9 

79. 0 

80. 1 

81. 2 
82. 2 

83. 3 
84. 5 

85.8 
86. 9 
88. 0 

89. 1 
90. 1 

91. 2 
92.0 

38-: 

. 0 

59. 9 
60. 2 
60. 6 
61. 0 
61. 5 

62. 1 
62.6 
63. 2 
63. 8 
64.6 

65. 3 
66.0 
66. 7 
67.4 
68. 1 

68. 8 
69.6 
70. 5 
71.4 
72. 3 

73. 2 
74. 1 
75. 0 
75. 9 
77. 0 

78. 1 
79. 2 
80. 2 
81. 3 
82.4 

83. 5 
84. 6 

85. 9 
87. 1 
88. 2 

89.4 
90.6 

91. 7 
92. 8 

39 YRS. 

. 5 

60. 1 
60. 4 
60. 8 
61. 3 
61. 8 

62.4 
62. 9 
63. 5 
64. 2 

64. 9 

65.6 
66. 3 
67. 0 
67.7 
68.4 

69. 2 
70. 1 
71. 0 
71. 8 
72. 7 

73.6 

74. 5 
75.4 
76. 4 
77. 5 

78. 6 

79. 7 
80. 8 

81. 9 
83. 0 

84. 0 
85. 3 
86. 5 
87. 6 
88. 7 

89. 9 
91. 1 
92. 2 
93. 3 



364 

Ht. , 

cm. 

155 
156 
157 
158 
159 

160 
161 
162 
163 
164 

165 
166 
167 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
189 

190 
191 
192 
193 

40-41 

. 0 

60. 3 
60.7 
61. 1 
61. 5 
62.0 

62.6 
63. 2 

63.7 
64.4 
65.0 

65.8 
66.5 
67. 2 

67.9 
68.6 

69. 3 
70. 1 
71.0 
71. 9 
72. 3 

73.7 
74.6 

75.5 
76.4 
77. 5 

78.6 

79. 7 
80. 7 
81.8 
82. 9 

84.0 
85. 1 
86.4 
87.6 
88.8 

90. 1 

91. 3 
92.6 

93.4 

YRS. 

. 5 

60.5 
60. 9 
61. 2 
61.8 
62. 3 

62.9 
63.4 
64.0 
64.7 
65.4 

66. 1 
66.8 
67.5 
68.2 

68.9 

69. 7 
70. 5 
71. 5 
72.4 
73. 3 

74. 1 
75.0 

75.9 
76. 9 
78. 1 

79. 1 
80.2 
81. 3 
82.4 
83.4 

84. 5 
85. 7 
87.0 
88.2 
89.4 

90. 7 

91.9 
93.1 
94.0 

42-43 YRS. 

. 0 

60.8 
61.1 
61. 5 

61.9 
62.4 

63.0 
63.6 

64. 2 
64.8 
65.5 

66.2 

66.9 
67.6 
68.3 

69.0 

69.7 
70.5 
71.4 
72.3 
73.2 

74. 1 
75.0 

75.9 
76.8 

77.9 

79.0 

80. 1 
81.2 
82.2 
83.3 

84.4 
85.6 
86.8 
88. 1 
89.3 

90.6 
91.8 
93. 1 
94. 3 

. 5 

61.0 
61. 3 
61.7 
62. 2 
62. 7 

63. 3 
63. 9 
64. 5 
65. 2 
65. 9 

66.6 
67. 3 
68.0 
68.6 

69. 3 

70. 1 
71.0 
71. 9 
72.8 
73.6 

74. 5 
75. 5 
76.3 
77. 3 
78.5 

79.5 
80.6 
81.7 
82.8 

83.9 

84.9 
86.2 
87. 5 
88. 7 
90.0 

91.2 
92.4 
93.6 
94.7 

44-45 YRS. 

. 0 

61.3 
61.6 
62.0 
62.4 
62. 9 

63.5 
64. 1 
64.7 
65. 3 
66.0 

66.7 
67.4 
68.0 
68. 7 
69.4 

70. 1 
71.0 
71. 9 
72.8 
73. 7 

74.6 
75.5 
76.4 
77. 3 
78.4 

79.4 
80.5 
81.5 
82.6 
83.7 

84.8 
86.0 
87.2 
88.5 
89.7 

91.0 
92.2 
93.4 
94.8 

. 5 

61.4 
61.8 
62.2 
62. 7 
63.2 

63.8 
64.4 

65.0 
65.7 
66.3 

67.0 
67.7 
68.4 

69. 1 
69.8 

70. 5 
71.4 
72.3 
73.2 
74. 1 

75.1 
76.0 
76. 9 

77.9 
78.9 

80.0 
81.0 
82. 1 
83. 1 
84. 3 

85.4 
86.6 

87.9 
89. 1 
90.4 

91.6 
92.8 
94.0 
95.4 

46-49 YRS. 

. 0 

61.7 
62. 1 
62.4 
62.8 
63.4 

63. 9 
64.4 
65.0 
65.6 
66.3 

67.0 
67.7 
68.4 

69. 1 
69.8 

70.6 
71.4 
72. 3 
73. 2 
74.2 

75. 1 
76.0 
76. 9 
77.8 
78.8 

79.9 
81.0 
82.0 
83. 1 
84.2 

85. 3 
86.4 
87.7 
88. 9 
90.2 

91.5 
92.8 
94.0 
95.2 

. 5 

61.9 
62.2 
62.6 
63. 1 
63.6 

64. 1 
64. 7 
65. 3 
66.0 
66.7 

67.4 
68. 1 
68.8 
69.5 
70. 2 

71.0 
71.8 
72. 7 
73. 7 
74.6 

75.5 
76.4 
77. 3 
78. 3 
79.4 

80. 5 
81.5 
82.6 
83.7 
84.8 

85. 9 
87.0 
88. 3 

89. 5 
90.8 

92.1 
93.4 
94.7 
95.8 

50-59 YRS. 

.0 

62.2 
62.5 

62.9 
63.4 
63. 9 

64.4 

64. 9 
65.4 
66. 1 
66.8 

67.5 
68. 2 

68.9 
69. 7 
70.6 

71.3 
72. 1 
73. 1 
74.0 
74.8 

75.7 
76.6 

77. 5 
78.4 
79.4 

80.4 
81.4 
82.4 
83.6 
84.8 

86.0 
87. 3 
88.6 
89.8 

91.1 

92.4 
93.6 

94.9 
96.1 

. 5 

62.4 
62. 7 
63. 1 
63.6 
64.2 

64.6 
65. 1 
65.8 
66.5 
67. 2 

67.9 
68.6 
69.3 
70. 1 
71.0 

71. 7 
72.6 
73.5 
74.4 
75. 2 

76. 1 
77.0 

77.9 
78. 9 

79.9 

80. 9 

81.9 
83. 1 
84. 3 
85. 5 

86.6 

87.9 
89.2 
90.4 

91. 7 

93.0 
94.2 
95.6 
96.6 



365 

TABLE 

SWITCHMEN, U .S .A . 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, E T C . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
MEN 

281 
243 
152 

159 

5 

164 
165 
164 
164 

10 

167 
168 
166 
165 

20 

170 
170 
168 
167 

30 

172 
172 
170 

169 

CENTILE 
40 50 

HEIGHT, 
174 
173 
172 
171 

175 
175 
174 
172 

60 

c m , 
177 
176 
175 
174 

70 

178 
178 
177 
176 

80 

180 

179 
179 
178 

90 

184 
182 
181 
180 

95 

186 
184 
184 
183 

40-44 
45-49 
50-54 
55-59 

280 
243 
152 
158 

84 
82 
84 
81 

RELATIVE BODY WEIGHT, P e r Cent 
88 94 99 102 106 109 114 117 122 126 
88 92 98 100 103 106 110 114 121 130 
89 94 99 103 105 109 112 114 119 125 
86 91 97 102 104 109 H I 116 121 128 

40-44 
45-49 
50-54 
55-59 

281 
243 
152 

159 

13 
14 
15 
13 

16 
16 
20 
16 

SUM OF SKINFOLDS, m m . 
21 24 27 31 34 38 
20 23 26 29 32 35 
24 27 30 33 36 39 
20 24 28 32 34 37 

41 

39 
43 
42 

46 
45 
48 
47 

52 

49 
54 
52 

40-44 
45-49 
50-54 
55-59 

281 
243 
153 

159 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
110 114 120 124 127 130 134 140 145 157 164 
110 113 120 125 129 133 137 143 151 165 171 
112 118 123 130 131 136 140 148 158 170 185 
116 120 126 130 135 140 149 156 165 175 188 

40-44 
45-49 
50-54 
55-59 

281 
243 
153 

159 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
70 71 76 79 80 83 86 88 91 99 102 
70 74 77 80 80 84 88 90 95 101 108 
71 74 76 80 81 85 89 90 96 105 110 
70 73 78 80 83 88 90 93 100 107 112 

40-44 
45-49 
50-54 
55-59 

278 

239 
150 
156 

SERUM CHOLESTEROL CONCENTRATION, mg . pe r 100 m l . 
170 183 201 213 225 233 245 256 274 291 320 
174 181 199 213 222 232 244 259 274 295 324 
192 194 206 218 224 232 244 256 274 294 319 
167 190 208 224 236 250 262 273 283 297 319 



366 

TABLE 

SEDENTARY CLERKS, U .S .A . 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

166 
185 

239 
267 

5 

165 
163 
162 
162 

10 

166 
166 
164 
164 

20 

169 
169 
167 
167 

30 

173 
170 

169 
169 

CENTILE 
40 50 

HEIGHT, 
173 
172 
170 
170 

175 
174 
172 
172 

60 

c m . 
176 
175 
173 
173 

70 

178 
177 
176 
175 

80 

180 
180 
177 
177 

90 

182 
182 
181 
180 

95 

185 
184 
183 
183 

40-44 
45-49 
50-54 
55-59 

166 
185 
238 
267 

82 
82 
82 
82 

RELATIVE BODY WEIGHT, P e r Cent 
87 91 94 100 103 107 110 113 119 124 
87 92 97 99 102 104 106 111 116 122 
87 93 96 99 102 106 110 114 122 125 
86 90 95 98 101 104 107 111 120 124 

40-44 
45-49 
50-54 
55-59 

166 
185 

239 
268 

14 
15 
16 
18 

16 

19 
19 
20 

SUM OF SKINFOLDS, m m . 
20 25 29 33 36 39 
25 28 30 34 36 39 
24 28 30 33 36 39 
26 28 30 32 35 37 

43 
41 
4 4 
44 

52 
45 
53 

49 

56 
48 
61 
55 

40-44 
45-49 
50-54 
55-59 

167 
184 

239 
268 

117 
110 
114 
116 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
119 121 125 129 134 138 140 148 
118 121 126 130 133 140 147 153 
120 127 130 136 142 147 154 164 
121 127 130 135 140 147 157 162 

158 
160 
176 
175 

169 
170 
188 

191 

DIASTOLIC B L O O D PRESSURE, 5th Phase, m m . Hg. 
94 100 108 
95 100 108 
98 102 110 
97 104 113 

40-44 
45-49 
50-54 
55-59 

167 
184 

239 
268 

66 
70 
70 
73 

70 
72 
74 
74 

76 
76 
80 
78 

79 
80 
82 
80 

80 
81 
85 
83 

83 
85 
88 
86 

87 
88 
90 
90 

90 
90 
93 
92 

SERUM CHOLESTEROL CONCENTRATION, mg . pe r 100 m l . 
40-44 163 167 182 195 207 220 234 245 259 280 300 317 
45-49 185 170 183 196 207 220 234 245 258 280 301 326 
50-54 238 175 187 206 215 224 232 243 256 269 283 318 
55-59 267 178 190 207 217 229 242 253 267 280 297 312 



367 

TABLE 

NON-SEDENTARY CLERKS, U .S .A . 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
MEN 

32 
38 
38 
47 

5 

• • 
• • 
. . 
. . 

10 

167 
167 
164 
166 

20 

169 
168 
165 
169 

30 

171 
169 
169 
171 

CENTILE 
40 50 

HEIGHT, 
172 
170 
171 
172 

173 
172 
172 
173 

60 

c m . 
175 
174 
174 
174 

70 

176 
175 
176 
176 

80 

180 
178 
178 
178 

90 

181 
180 
182 
180 

95 

40-44 
45-49 
50-54 
55-59 

32 
38 
38 
47 

87 
86 
86 
85 

RELATIVE B O D Y WEIGHT, Per Cent 
94 98 99 104 112 119 122 125 
89 93 97 100 106 109 112 115 
89 95 100 105 108 113 119 121 
91 95 97 101 105 109 115 126 

40-44 
45-49 
50-54 
55-59 

32 

39 
38 
47 

15 
12 
18 
21 

SUM OF SKINFOLDS, m m . 
22 26 32 37 41 45 
16 23 30 34 35 38 
23 27 29 37 40 43 
24 27 29 31 33 35 

48 
43 
47 
41 

53 
48 
53 
51 

40-44 
45-49 
50-54 
55-59 

32 

39 
38 
47 

SYSTOLIC B L O O D PRESSURE, m m . Hg. 
114 120 122 128 130 132 134 140 158 
114 120 127 129 133 137 142 149 153 
124 129 131 137 138 144 154 156 174 
120 128 134 141 144 156 163 172 194 

40-44 
45-49 
50-54 
55-59 

32 
39 
38 
47 

DIASTOLIC B L O O D PRESSURE, 5th Phase, m m . Hg. 
70 72 75 80 80 82 88 90 95 
69 72 77 78 80 82 86 89 95 
77 81 84 86 88 92 96 100 107 
72 78 82 84 90 92 96 99 H I 

40-44 
45-49 
50-54 
55-59 

31 
37 
38 
47 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 ml. 
• • 182 193 211 224 228 232 248 268 290 • 
• • 186 200 216 222 230 250 254 266 295 • 
• • 204 214 235 246 255 271 281 308 328 • 
• • 185 198 208 214 221 250 256 269 289 * 



368 

TABLE 

EXECUTIVES, U .S .A . 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

•5 , 10, 20, E T C . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

46 
35 
73 
96 

5 

. • 
• . 
* • 
. . 

10 

170 
166 

169 
168 

20 

172 
170 
172 
170 

30 

174 
172 
174 
172 

CENTILE 
40 50 

HEIGHT, 
176 
175 
176 
174 

177 
177 
177 
176 

60 

c m . 
180 
180 

179 
178 

70 

181 
180 
180 

179 

80 

182 
181 
182 
182 

90 

188 
182 
184 
183 

95 

40-44 
45-49 
50-54 
55-59 

46 
35 
73 
96 

RELATIVE BODY WEIGHT, P e r Cent 
87 95 97 102 106 108 110 112 116 
89 93 95 100 103 106 108 112 116 
92 96 100 102 103 107 110 113 115 
88 90 95 99 101 105 108 111 119 

40-44 
45-49 
50-54 
55-59 

46 
35 
72 
96 

• • 
a • 

• • 
• • 

18 
23 
22 
20 

22 
2 4 

29 
24 

SUM OF SKINFOLDS, m m . 
26 29 33 36 40 
26 30 31 34 38 
30 34 38 40 41 
28 31 34 37 39 

43 
42 
44 
44 

52 
46 
50 

49 

40-44 
45-49 
50-54 
55-59 

46 
35 
73 
97 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
I l l 115 119 120 123 125 130 135 146 
114 118 120 124 130 130 138 145 153 
120 124 129 133 139 144 155 164 168 
120 124 128 130 133 137 146 154 168 

40-44 
45-49 
50-54 
55-59 

46 
35 
73 
97 

DIASTOLIC B L O O D PRESSURE, 5th Phase, m m . Hg. 
71 74 76 78 80 82 85 91 95 
71 72 78 80 81 83 85 90 92 
78 80 82 86 89 90 95 98 103 
72 76 80 82 85 86 88 91 97 

40-44 
45-49 
50-54 
55-59 

45 
35 
72 
95 

SERUM CHOLESTEROL CONCENTRATION, mg. per 100 ml 
• • 179 198 204 222 242 251 258 268 274 
• • 190 218 224 234 241 250 254 268 287 
• • 194 206 216 230 243 255 262 298 320 
• • 197 208 219 234 247 254 260 274 288 



369 
TABLE 

CREVALCORE, ITALY 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

174 
303 

291 
219 

5 

158 
156 
158 
155 

10 

161 
160 
160 
158 

20 

163 
162 
162 
161 

30 

166 
165 
165 
163 

CENTILE 
40 50 

HEIGHT, 
167 
167 
166 
165 

169 
168 
168 
167 

60 

c m , 
171 
169 
170 
168 

70 

173 
170 
171 
170 

80 

174 
172 
173 
173 

90 

176 
175 
176 
175 

95 

179 
178 
177 
178 

RELATIVE BODY WEIGHT, P e r Cent 
40-44 
45-49 
50-54 
55-59 

175 
300 
288 
216 

85 
82 
84 
84 

88 
86 
87 
86 

92 

91 
91 
90 

96 
96 
96 
94 

101 
100 

99 
98 

105 
103 
102 
101 

110 
107 
105 
104 

114 
111 
110 
112 

120 
116 
114 
118 

128 
124 
122 
125 

133 
128 
128 
132 

40-44 
45-49 
50-54 
55-59 

176 
303 
294 
218 

10 
10 
10 

9 

12 
11 
12 
12 

SUM OF SKINFOLDS, m m . 
14 17 21 23 26 29 
14 17 18 21 26 30 
15 18 20 22 25 28 
14 17 20 22 25 30 

32 
34 
32 
36 

40 
38 
37 
41 

43 
42 
42 
46 

40-
45-
50-
55-

-44 

-49 
-54 

-59 

175 

299 
290 
218 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
115 120 125 130 132 136 140 146 154 161 172 
117 120 130 133 138 142 147 150 157 169 180 
120 127 132 138 141 147 151 160 166 180 188 
127 130 139 143 150 157 161 169 174 185 198 

DIASTOLIC BLOOD PRESSURE, 5th Pha s e , m m . Hg. 
40-44 
45-49 
50-54 
55-59 

175 
299 
289 
218 

70 
71 
73 
72 

73 
75 
77 
78 

76 
78 
80 
80 

79 
80 
81 
82 

80 
84 
85 
87 

84 
87 
88 
90 

88 
90 
90 
90 

90 
91 
92 
94 

92 
95 
97 
98 

98 
100 
104 
104 

107 
109 
109 
110 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 
45-49 
50-54 
55-59 

24 

170 
294 
284 
214 

136 
134 
136 
140 

156 
146 
150 
152 

166 
167 
172 
170 

174 
178 
182 

179 

184 
186 
190 
190 

194 
194 
198 
204 

202 
204 
207 
216 

215 
217 
216 
226 

226 
238 
232 
241 

256 
257 
246 
257 

272 
290 
270 
287 



370 

TABLE 

A G E 

MONTEGIORGIO, ITALY 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

NO. 
M E N 10 20 30 

CENTILE 
40 50 60 70 80 90 95 

40-44 
45-49 
50-54 
55-59 

123 
246 
217 
130 

157 
156 
154 
154 

159 
157 
156 
156 

162 
160 
158 
158 

163 
162 
160 
160 

HEIGHT, cm. 
164 165 167 168 170 174 177 
164 165 166 168 169 172 174 
162 163 164 167 169 171 173 
161 162 164 166 168 171 173 

40-44 
45-49 
50-54 
55-59 

123 
246 
217 
130 

80 
80 
77 
78 

RELATIVE B O D Y WEIGHT, Per Cent 
82 89 92 96 99 102 107 110 117 123 
84 88 92 95 98 102 108 112 120 128 
81 84 89 92 94 99 103 107 114 122 
79 82 86 88 94 97 102 108 121 125 

40-44 
45-49 
50-54 
55-59 

123 
247 
216 
130 

9 
8 
9 
8 

9 
10 
9 
9 

S U M O F SKINFOLDS, m m . 
10 11 13 15 18 21 
11 12 14 16 18 20 
10 11 13 14 16 20 
10 11 12 14 16 18 

24 
25 
22 
22 

28 
32 
28 
26 

32 
37 
34 
33 

40-44 
45-49 
50-54 
55-59 

123 
247 
217 
131 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
I l l 112 118 120 124 128 130 135 139 145 154 
115 119 123 129 130 134 138 140 146 158 169 
114 119 123 129 131 137 140 146 154 161 172 
115 120 130 135 139 142 146 151 160 173 189 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
40-44 
45-49 
50-54 
55-59 

123 
247 
217 
131 

68 
70 
70 
70 

70 
70 
70 
72 

70 
74 
75 
76 

72 
76 
78 
80 

76 
79 
80 
81 

78 
80 
81 
83 

80 
82 
83 
85 

80 
84 
89 
88 

82 
90 
90 
90 

91 
93 
98 
97 

95 
98 

102 
108 

40-44 
45-49 
50-54 
55-59 

122 
244 
216 
128 

SERUM CHOLESTEROL CONCENTRATION, m g . p e r 100 m l . 
150 157 165 175 184 192 201 210 224 249 264 
144 155 169 183 192 200 208 219 235 257 290 
148 157 169 182 191 199 207 222 232 248 268 
155 162 173 183 191 198 203 213 228 263 273 



371 

T A B L E 

N I C O T E R A , I T A L Y 

C E N T I L E S ( C U T T I N G P O I N T S ) B E L O W WHICH A R E F O U N D 

5, 10, 2 0 , E T C . P E R C E N T O F T H E M E N 

A G E 

4 5 - 4 9 
5 0 - 5 4 

5 5 - 5 9 

NO . 
M E N 

230 . 
173 . 
117 . 

5 10 

154 
155 
155 

20 

158 
157 
157 

30 

160 
158 
159 

C E N T I L E 
40 50 60 

H E I G H T , c m . 
161 163 165 
162 163 165 
160 162 164 

70 

167 
166 
166 

80 

16 9 
16 9 
168 

90 

172 
173 
170 

95 

4 5 - 4 9 
5 0 - 5 4 

5 5 - 5 9 

230 . 
123 . , 
117 . . 

78 
74 
76 

R E L A T I V E BODY W E I G H T , P e r C en t 
82 86 87 94 99 104 111 118 
78 81 85 87 92 98 102 114 
78 83 87 91 97 102 106 116 

4 5 - 4 9 
5 0 - 5 4 

5 5 - 5 9 

230 
123 
117 

SUM O F S K I N F O L D S , m m . 
10 11 12 13 16 19 26 32 
9 10 11 13 15 17 19 25 

10 12 13 14 16 19 22 27 

4 5 - 4 9 
5 0 - 5 4 
5 5 - 5 9 

230 
123 
117 

S Y S T O L I C B L O O D P R E S S U R E , m m . H g . 
110 114 118 122 125 128 132 138 142 
111 116 118 122 127 132 136 142 158 
113 120 126 130 136 140 145 150 170 

4 5 - 4 9 
5 0 - 5 4 
5 5 - 5 9 

230 
123 
117 

D I A S T O L I C B L O O D P R E S S U R E , 5 th P h a s e , m m . H g . 
64 6 8 70 72 75 77 80 80 84 
6 4 70 70 72 75 78 80 83 88 
64 70 72 75 78 80 82 85 90 

45-49 
50-54 
55-59 

31 
19 
18 

S E R U M C H O L E S T E R O L C O N C E N T R A T I O N , m g . p e r 100 m l . 
144 . . . . 184 . . . . 227 . . 
137 . . . . 174 . . . . 192 . . 
152 . . . . 166 . . . . 217 . . 



372 
TABLE 

DALMATIA, YUGOSLAVIA 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E NO. 
MEN 5 10 20 30 

CENTILE 
40 50 60 70 80 90 95 

40-44 
45-49 
50-54 
55-59 

85 
183 
211 
190 

165 
162 
163 
161 

166 
166 
165 
165 

169 
168 
169 
166 

171 
170 
170 
169 

HEIGHT, cm. 
173 175 176 178 179 182 186 
171 173 174 176 178 182 184 
172 173 175 177 179 182 184 
170 172 174 175 177 180 184 

40-44 
45-49 
50-54 
55-59 

86 
184 
212 
189 

78 
78 
76 
74 

RELATIVE B O D Y WEIGHT, Per Cent 
82 84 86 90 94 98 102 103 108 115 
80 85 88 90 93 95 98 104 111 116 
78 83 85 87 90 92 96 100 107 113 
77 79 82 85 88 91 97 103 111 117 

40-44 
45-49 
50-54 
55-59 

85 
184 
212 
189 

9 
9 
8 
8 

10 
10 
9 
9 

11 
10 
10 
10 

S U M O F SKINFOLDS, m m . 
12 13 15 17 21 
12 13 15 17 20 
11 12 14 16 18 
10 11 13 15 17 

24 
25 
23 
24 

34 
31 
28 
32 

37 
36 
31 
36 

40-44 
45-49 
50-54 
55-59 

84 
184 
212 
192 

SYSTOLIC B L O O D PRESSURE, m m . Hg. 
110 115 126 130 131 136 140 141 147 160 169 
110 120 121 125 130 135 138 140 150 164 170 
115 120 122 130 131 137 140 145 155 165 175 
112 120 124 130 130 135 140 150 152 165 175 

40-44 
45-49 
50-54 
55-59 

84 
184 
212 
192 

DIASTOLIC B L O O D PRESSURE, 5th Phase, m m . Hg. 
66 70 70 76 80 85 89 90 92 95 102 
68 70 70 75 79 80 82 88 92 96 102 
68 70 70 75 79 82 85 90 92 98 100 
68 70 74 77 80 82 85 88 92 99 102 

40-44 
45-49 
50-54 
55-59 

84 
181 
211 
190 

S E R U M C H O L E S T E R O L CONCENTRATION, mg. per 100 ml. 
136 146 155 163 176 182 200 214 227 251 270 
119 141 156 168 176 185 198 208 220 237 246 
126 136 155 166 174 186 198 208 225 241 260 
130 142 152 164 177 188 198 208 222 246 260 



373 
TABLE 

SLAVONIA, YUGOSLAVIA 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

102 
182 
197 
216 

5 

160 
160 
155 
158 

10 

161 
162 

159 
161 

20 

164 
163 
161 
163 

30 

166 
165 
163 
165 

CENTILE 
40 50 

HEIGHT, 
168 
166 
165 
166 

170 
168 
166 
168 

60 

c m . 
172 

169 
168 

169 

70 

173 
170 
170 
171 

80 

175 
173 
172 
173 

90 

178 
175 
175 
176 

95 

181 
177 
179 
179 

RELATIVE BODY WEIGHT, P e r Cent 
40-44 
45-49 
50-54 
55-59 

102 
181 
197 
215 

78 
78 
75 
74 

81 
80 
77 
77 

85 
84 
81 
80 

88 
88 
83 
84 

93 
91 
86 
88 

95 
94 
88 

91 

100 
97 
92 
93 

103 
103 

98 
98 

106 
107 
103 
104 

112 
120 
114 
111 

123 
127 
121 
116 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 
55-59 

102 
181 
197 
215 

9 
8 
8 
8 

10 

9 
9 
9 

10 
10 
10 
10 

12 
11 
10 
11 

13 
13 
12 
12 

15 
15 
13 
14 

18 
17 
14 
15 

20 
22 
16 
17 

23 
26 
22 
22 

28 
33 
31 
27 

37 
42 
40 
35 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 
45-49 
50-54 
55-59 

102 
180 
197 
216 

108 
112 
110 
110 

111 
116 
115 
115 

120 
120 
120 
123 

125 
125 
128 
130 

130 
130 
130 
138 

130 
130 
131 
140 

135 
137 
139 
146 

140 
140 
144 
152 

146 
151 
152 
162 

165 
163 
161 
171 

171 
170 
172 
180 

40-44 
45-49 
50-54 
55-59 

102 
180 
197 
216 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
66 68 70 75 78 79 80 85 90 97 105 
68 69 72 77 78 80 85 89 90 100 108 
66 68 70 76 78 80 82 86 89 96 106 
64 68 72 78 80 84 86 90 95 100 104 

40-44 
45-49 
50-54 
55-59 

95 
176 
192 
213 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
141 149 162 178 186 196 210 217 232 249 273 
140 147 159 177 186 197 207 218 237 255 275 
140 152 164 176 186 200 206 217 232 260 270 
136 146 162 174 182 194 202 220 234 256 275 



374 
TABLE 

KARELIA, FINLAND 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, E T C . PER CENT OF THE MEN 

AGE NO. CENTILE 
M E N 5 10 20 30 40 50 60 70 80 90 95 

40-44 
45-49 
50-54 
55-59 

207 
234 
196 
168 

160 
158 
158 
158 

161 
161 
160 
159 

164 
163 
163 
162 

165 
165 
165 
163 

HEIGHT, 
167 
166 
167 
165 

168 
168 
168 
167 

cm. 
170 
169 
170 
169 

172 
171 
171 
170 

174 
173 
172 
172 

177 
177 
174 
175 

179 
178 
176 
177 

40-44 
45-49 
50-54 
55-59 

205 
230 
194 
168 

80 
79 
76 
76 

83 
82 
79 
78 

RELATIVE B O D Y WEIGHT, Per Cent 
86 90 92 94 97 101 104 110 116 
86 89 92 94 98 102 106 110 118 
83 86 89 93 95 99 105 111 117 
82 85 89 90 93 96 101 110 119 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 
55-59 

207 
239 
197 
172 

9 
9 
9 
8 

10 
10 

9 
8 

11 
11 
11 
10 

12 
12 
11 
11 

13 
13 
13 
12 

13 
15 
14 
14 

15 
18 
17 
16 

18 
20 
21 
18 

22 
25 
24 
22 

28 
31 
30 
32 

35 
35 
36 
40 

40-44 
45-49 
50-54 
55-59 

206 
235 
197 
171 

120 
120 
121 
127 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
124 130 135 138 141 145 150 154 164 168 
125 130 134 138 140 145 150 160 173 185 
130 135 139 143 149 154 158 169 179 188 
130 139 144 148 153 160 166 174 184 208 

DIASTOLIC BLOOD PRESSURE, 5th Pha s e , m m . Hg. 
40-44 206 70 75 80 80 85 87 90 90 95 100 102 
45-49 235 74 78 80 82 85 88 90 92 98 102 110 
50-54 197 70 77 80 85 88 90 92 96 100 104 110 
55-59 170 72 78 81 86 90 90 94 98 100 107 110 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 207 181 193 220 232 248 265 276 288 302 328 360 
45-49 239 197 208 222 239 259 272 284 295 313 335 360 
50-54 196 191 208 220 238 251 262 280 302 315 340 358 
55-59 172 162 190 211 231 245 259 268 280 292 317 343 



375 
TABLE 

WEST FINLAND 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

166 
221 
240 
220 

5 

162 
162 
161 
160 

10 

164 
164 
163 
162 

20 

168 
167 
167 
165 

30 

169 
168 
168 
167 

CENTILE 
40 50 

HEIGHT, 
171 
170 
170 
169 

173 
171 
172 
170 

60 

c m . 

174 
173 
173 
171 

70 

175 
174 
174 
173 

80 

177 
176 
176 
175 

90 

180 
178 
178 
178 

95 

182 
181 
181 
178 

RELATIVE BODY WEIGHT, P e r Cent 
40-44 164 82 86 90 93 95 98 101 104 107 115 124 
45-49 216 80 82 86 90 94 96 100 105 109 115 122 
50-54 238 80 82 85 89 92 97 101 104 109 115 130 
55-59 217 77 80 85 88 92 95 98 101 105 114 119 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 
55-59 

168 
224 
245 
222 

10 
10 

9 
9 

11 
11 
11 
10 

12 
12 
12 
11 

13 
13 
13 
12 

15 
15 
15 
14 

16 
16 
16 
16 

19 
19 
19 
19 

21 
21 
23 
21 

25 
26 
27 
24 

32 
32 
35 
31 

39 
40 
40 
40 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 168 109 112 120 125 130 133 136 141 147 159 169 
45-49 224 114 119 122 126 130 135 139 142 148 156 162 
50-54 245 113 118 124 130 134 139 143 146 152 165 178 
55-59 222 115 121 129 132 139 143 150 155 164 177 186 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
40-44 168 65 67 70 74 78 80 80 83 86 92 98 
45-49 224 68 70 74 77 78 80 81 85 88 92 96 
50-54 245 68 70 73 78 80 82 84 88 90 100 104 
55-59 222 70 72 76 78 80 82 86 89 90 97 101 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 168 193 201 216 227 238 248 260 278 293 314 335 
45-49 223 186 201 216 228 242 255 267 277 300 319 346 
50-54 244 178 197 214 231 245 257 277 284 306 323 348 
55-59 222 182 195 216 228 238 251 258 269 282 305 325 



376 
TABLE 

ZUTPHEN, NETHERLANDS 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E NO. 
M E N 10 20 30 

CENTILE 
40 50 60 70 80 90 95 

40-44 
45-49 
50-54 
55-59 

181 
237 
235 
225 

164 
164 
163 
162 

165 
166 
166 
163 

168 
169 
168 
167 

171 
172 
170 
169 

HEIGHT, cm. 
174 175 177 179 180 183 185 
174 175 176 178 180 183 184 
172 174 175 177 180 182 185 
171 172 174 176 178 182 184 

40-44 
45-49 
50-54 
55-59 

181 
236 
234 
224 

82 
83 
79 
79 

RELATIVE B O D Y WEIGHT, Per Cent 
85 91 93 96 99 102 105 108 111 115 
85 89 92 95 97 100 103 106 111 118 
82 88 91 95 97 100 102 105 113 115 
82 87 91 94 97 99 101 106 110 114 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 
55-59 

181 
236 
234 
225 

12 
11 
12 
12 

14 
13 
13 
14 

16 
16 
16 
16 

20 
20 
20 
18 

22 
22 
22 
21 

24 
23 
24 
22 

27 
26 
26 
26 

29 
28 
30 
28 

32 
32 
32 
32 

38 
37 
37 
38 

40 
40 
44 
40 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 
45-49 
50-54 
55-59 

181 
236 
233 
225 

120 
117 
118 
120 

125 
120 
120 
122 

130 
129 
128 
130 

130 
130 
132 
135 

136 
135 
138 
140 

140 
140 
140 
145 

145 
145 
146 
150 

150 
150 
155 
158 

153 
156 
163 
168 

160 
165 
175 
176 

170 
178 
180 
188 

DIASTOLIC BLOOD PRESSURE, 5th Phase , m m . Hg. 
40-44 180 70 75 80 80 85 90 90 94 98 100 106 
45-49 236 70 73 80 80 85 90 90 93 98 104 110 
50-54 233 72 75 80 80 85 90 90 95 100 108 118 
55-59 225 70 75 80 82 85 88 90 95 100 106 110 

40-44 
45-49 
50-54 
55-59 

174 
219 
224 
214 

SERUM CHOLESTEROL CONCENTRATION, mg . p e r 100 m l . 
168 177 198 209 224 233 244 253 268 285 306 
170 186 201 215 226 235 247 257 272 298 320 
176 187 200 209 219 227 239 252 265 289 315 
164 177 197 206 217 226 238 252 264 292 324 



377 
TABLE 

CRETE, GREECE 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

NO. 
M E N 

158 

199 
172 
146 

5 

157 
156 
157 
156 

10 

159 
158 

159 
158 

20 

162 
161 
161 
160 

30 

163 
163 
164 
162 

CENTILE 
40 50 

HEIGHT, 
165 
165 
165 
164 

166 
166 
166 
165 

60 

c m . 
168 
168 
168 
167 

70 

170 

169 
170 
168 

80 

172 
171 
171 
170 

90 

174 
174 
174 
173 

95 

178 
176 
176 
174 

40-44 
45-49 
50-54 
55-59 

157 
200 
172 
146 

80 
76 
73 
73 

RELATIVE BODY WEIGHT, P e r Cent 
82 86 88 92 94 96 100 104 112 117 
79 82 85 88 91 94 97 103 111 116 
75 81 84 88 92 94 98 102 112 117 
77 81 84 86 88 90 94 97 103 104 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 
55-59 

160 
202 
175 
148 

q 

9 
8 

9 

10 
10 

9 
10 

10 
10 
10 
10 

12 
11 
12 
11 

13 
12 
13 
13 

14 
14 
15 
14 

17 
15 
17 
15 

20 
18 
20 
17 

2 4 
22 
23 
19 

30 
28 
27 
23 

36 
33 
32 
27 

40-44 
45-49 
50-54 
55-59 

158 
201 
173 
146 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
110 112 118 122 128 131 136 142 150 155 165 
110 116 120 123 130 132 136 140 145 155 166 
110 115 122 127 130 135 139 145 152 164 175 
113 119 125 130 134 13Ï 145 152 160 174 188 

40-44 
45-49 
50-54 
55-59 

158 
201 
173 
146 

62 
65 
63 
69 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
68 72 75 76 80 82 87 90 96 100 
70 72 75 78 80 82 85 89 97 99 
70 72 75 80 81 85 89 90 95 101 
70 73 75 80 83 85 89 90 94 100 

40-
45-
50-
55-

-44 
-49 
-54 

-59 

152 
190 
167 
143 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
148 156 169 177 186 198 206 217 233 260 270 
143 154 169 178 188 199 206 219 235 251 272 
153 158 176 183 195 210 218 232 250 270 282 
155 163 172 193 199 208 226 235 245 257 284 



378 
TABLE 

CORFU, GREECE 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

120 
114 
169 
126 

5 

157 
154 
156 
155 

10 

159 
158 

159 
158 

20 

162 
161 
160 
160 

30 

164 
162 
162 
161 

CENTILE 
40 50 

HEIGHT, 
166 
164 
164 
162 

167 
166 
166 
164 

60 

c m . 

169 
167 
167 
165 

70 

172 
170 
169 
166 

80 

174 
172 
170 
168 

90 

176 
177 
172 
172 

95 

179 
179 
174 
175 

40-44 
45-49 
50-54 
55-59 

120 
114 
168 
126 

78 
76 
75 
74 

80 

79 
77 
77 

40-44 
45-49 
50-54 
55-59 

120 
114 

169 
126 

9 
9 
9 
9 

10 
10 
10 
10 

11 
11 
11 
10 

24 
26 
23 
24 

30 
31 
31 
30 

34 
37 
42 
36 

RELATIVE BODY WEIGHT, P e r Cent 
84 88 92 94 100 102 106 114 126 
83 87 89 93 100 104 110 115 119 
82 85 88 92 95 98 103 110 123 
80 83 87 90 94 97 103 111 121 

SUM OF SKINFOLDS, m m . 
12 14 16 19 20 
12 14 15 18 20 
12 13 14 16 19 
11 12 14 16 19 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 120 105 109 115 121 128 130 134 138 140 154 164 
45-49 114 102 110 119 121 125 130 134 139 146 160 173 
50-54 169 110 111 120 125 130 134 138 140 151 164 176 
55-59 126 110 111 120 125 130 135 140 150 158 167 175 

DIASTOLIC BLOOD PRESSURE, 5th Phase , m m . Hg. 
40-44 120 65 70 72 76 80 81 82 85 89 92 100 
45-49 114 67 70 72 75 79 80 82 86 90 98 107 
50-54 169 70 71 75 78 80 81 85 89 90 97 108 
55-59 126 65 70 74 76 80 81 85 88 90 95 100 

SERUM CHOLESTEROL CONCENTRATION, m g . per 100 m l . 
40-44 120 139 146 158 172 185 193 203 220 232 262 309 
45-49 111 140 147 163 176 193 203 209 222 233 259 300 
50-54 165 141 162 174 186 194 202 216 232 246 258 274 
55-59 125 142 154 171 180 186 194 201 212 22^ 251 264 



379 
TABLE 

TANUSHIMARU, JAPAN 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

112 
117 
137 
143 

5 

152 
151 
151 
151 

10 

155 
154 
153 
152 

20 

157 
156 
155 
154 

30 

159 
158 
157 
156 

CENTILE 
40 50 

HEIGHT, 
160 
160 
158 

159 

162 
161 

159 
160 

60 

c m . 
163 
162 
161 
161 

70 

164 
164 
163 
162 

80 

165 
165 
165 
163 

90 

167 
168 
167 
165 

95 

169 
170 
170 
167 

40-44 
45-49 
50-54 
55-59 

111 
116 
137 
143 

76 
72 
71 
73 

80 
77 
75 
75 

RELATIVE BODY WEIGHT, P e r Cent 
82 85 87 89 91 94 95 
79 82 84 86 88 90 93 
79 80 82 84 87 90 93 
79 81 82 84 86 89 92 

98 
100 
100 

99 

102 
104 

109 
102 

40-44 
45-49 
50-54 
55-59 

110 
113 
136 
140 

10 
10 

9 
10 

11 
10 
10 
11 

SUM OF SKINFOLDS, m m . 
12 12 14 15 16 18 
12 13 14 15 17 18 
11 12 14 14 16 17 
12 12 13 15 16 18 

22 
21 
21 
21 

23 
24 
26 
26 

2 4 
28 
32 
28 

40-44 
45-49 
50-54 
55-59 

112 
117 
137 
143 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
96 102 110 112 117 120 124 132 138 145 154 

103 108 114 118 120 128 132 136 142 152 164 
105 110 114 120 125 132 137 140 146 160 173 
107 112 120 124 132 138 148 156 166 183 209 

40-44 
45-49 
50-54 
55-59 

112 
117 
137 
143 

DIASTOLIC B L O O D PRESSURE, 5th Phase, m m . Hg. 
50 51 58 62 64 68 70 74 78 83 86 
51 58 62 68 70 70 74 78 84 90 93 
56 60 64 68 70 72 75 80 82 90 105 
58 60 64 70 71 78 80 88 92 100 105 

S E R U M C H O L E S T E R O L CONCENTRATION, mg. per 100 ml. 
40-44 109 97 109 140 147 157 167 183 212 237 277 298 
45-49 111 107 111 131 147 155 165 185 198 220 259 311 
50-54 132 106 114 133 149 164 178 187 216 231 266 290 
55-59 139 109 116 134 144 155 168 183 205 225 257 313 



380 
TABLE 

USHIBUKA, JAPAN 

CENTIMES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
M E N 

107 
114 
129 
107 

5 

152 
152 

149 
148 

10 

153 
153 
151 
150 

20 

156 
156 
154 
153 

30 

157 
157 
156 
156 

CENTILE 
40 50 

HEIGHT, 
159 
159 
157 
157 

160 
160 
158 

159 

60 

c m . 
161 
162 
160 
160 

70 

162 
163 
161 
162 

80 

165 
165 
163 
165 

90 

167 
167 
165 
168 

95 

170 
169 
168 
169 

40-44 
45-49 
50-54 
55-59 

107 
114 
129 
107 

74 
76 
76 
68 

77 
78 
77 
72 

102 
101 

97 
96 

107 

109 
103 
101 

RELATIVE BODY WEIGHT, P e r Cent 
82 85 88 91 93 96 99 
81 84 87 89 91 93 96 
80 82 85 87 88 90 92 
77 80 82 84 86 88 92 

SUM OF SKINFOLDS, m m . 
40-44 
45-49 
50-54 Data Not Available 
55-59 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 115 105 110 114 120 120 126 132 135 140 152 169 
45-49 128 102 107 114 120 120 128 135 145 155 165 174 
50-54 139 110 112 118 125 130 135 140 150 156 176 195 
55-59 118 110 114 120 128 135 140 144 154 165 181 213 

DIASTOLIC BLOOD PRESSURE, 5th Pha s e , m m . Hg . 
40-44 115 52 60 66 70 72 75 78 80 82 90 95 
45-49 128 60 64 68 70 74 76 80 80 90 97 100 
50-54 139 60 65 70 72 75 80 80 84 87 96 104 
55-59 118 64 67 70 74 77 80 84 86 90 96 105 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 112 100 106 114 122 130 142 150 155 164 181 195 
45-49 127 103 109 114 124 133 143 153 158 169 182 195 
50-54 136 89 103 114 122 132 137 146 158 168 179 189 
55-59 118 94 107 116 126 134 144 152 161 171 184 196 



40-44 
45-49 
50-54 
55-59 

197 
215 
231 
124 

158 
156 
156 
156 

160 
159 
158 
157 

162 
162 
161 
159 

163 
164 
163 
161 

381 
TABLE 

RAILWAYMEN, ROME, ITALY 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, ETC . PER CENT OF THE MEN 

AGE NO. CENTILE 
M E N 5 10 20 30 40 50 60 70 80 90 95 

HEIGHT, c m . 
165 166 167 169 172 175 176 
165 166 168 169 170 172 174 
164 165 166 168 170 172 174 
163 164 166 168 170 173 176 

RELATIVE BODY WEIGHT, P e r Cent 
40-44 197 86 90 95 100 104 108 113 117 121 127 131 
45-49 215 86 90 96 100 104 108 112 116 122 129 136 
50-54 231 83 87 95 99 103 106 110 113 118 125 128 
55-59 124 78 82 93 100 104 108 112 114 121 126 129 

SUM OF SKINFOLDS, m m . 
17 20 22 26 30 34 
19 21 23 27 30 33 
16 20 23 25 28 32 
17 20 23 26 29 30 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 197 113 119 123 129 131 135 138 140 147 158 168 
45-49 215 116 118 128 133 136 138 141 145 151 160 169 
50-54 232 115 118 126 130 135 138 141 148 152 162 173 
55-59 124 119 122 129 135 140 142 150 155 166 174 184 

DIASTOLIC BLOOD PRESSURE, 5th Pha s e , m m . Hg. 
40-44 197 68 70 76 80 83 86 89 91 96 102 108 
45-49 215 70 72 79 80 84 89 90 95 100 106 110 
50-54 232 70 72 80 82 86 89 90 93 98 105 110 
55-59 124 73 78 80 85 88 90 91 97 100 103 107 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 195 146 154 168 182 196 207 216 225 234 252 262 
45-49 214 247 159 173 185 197 206 218 229 240 260 284 
50-54 231 147 159 173 186 198 209 219 231 242 267 283 
55-59 124 153 158 170 183 193 204 212 225 239 261 270 

40-44 
45-49 
50-54 
55-59 

197 
215 
231 
124 

13 
12 
11 
10 

14 
15 
13 
13 

38 
38 
36 
34 

44 
45 
40 
39 

49 
50 
45 
43 



582 

TABLE 

VELIKA KRSNA (SERBIA) YUGOSLAVIA 

CENTILES (CUTTING POINTS) BELOW WHICH ARE FOUND 

5, 10, 20, E T C . PER CENT OF THE MEN 

A G E 

40-44 
45-49 
50-54 
55-59 

N O . 
MEN 

136 
81 

135 
158 

5 

160 
161 
157 

159 

10 

163 
163 
160 
161 

20 

164 
164 
163 
164 

30 

167 
166 
165 
166 

CENTILE 
40 50 

HEIGHT, 
169 
168 
167 
167 

171 
170 
168 
168 

60 

era , 
172 
171 
170 
170 

70 

173 
173 
172 
172 

80 

175 
174 
174 
174 

90 

178 
178 
176 
177 

95 

180 
180 
178 
179 

40-44 
45-49 
50-54 
55-59 

136 
81 

135 
158 

80 
66 
76 
73 

81 
78 
78 
76 

109 
109 
103 
101 

114 
115 
109 
108 

40-44 
45-49 
50-54 
55-59 

136 
81 

135 
158 

9 
9 
9 
8 

10 
9 
9 
9 

10 
10 
10 
10 

18 
18 
18 

19 

23 
25 
22 
24 

27 
31 
28 
27 

RELATIVE BODY WEIGHT, P e r Cent 
85 86 88 89 92 95 99 
81 84 87 88 91 94 100 
81 83 85 88 90 93 96 
78 80 83 86 89 92 95 

SUM OF SKINFOLDS, m m . 
11 12 13 14 16 
11 12 13 14 15 
11 12 13 14 15 
11 11 12 14 15 

SYSTOLIC BLOOD PRESSURE, m m . Hg. 
40-44 136 106 109 112 120 120 124 127 130 130 141 148 
45-49 82 107 110 117 120 121 128 130 132 140 148 156 
50-54 135 110 110 119 124 128 130 133 139 144 157 170 
55-59 158 110 115 120 128 130 130 140 143 150 160 177 

DIASTOLIC BLOOD PRESSURE, 5th Pha se , m m . Hg. 
40-44 136 67 69 70 76 77 78 80 81 87 90 98 
45-49 81 70 70 76 77 78 80 81 84 88 93 97 
50-54 135 70 70 76 78 80 80 84 86 88 96 100 
55-59 158 69 70 76 79 80 80 85 88 90 98 105 

SERUM CHOLESTEROL CONCENTRATION, mg . per 100 m l . 
40-44 136 112 121 133 141 149 154 162 168 179 191 203 
45-49 82 115 120 132 143 151 157 168 178 194 201 226 
50-54 135 111 116 133 144 152 159 168 179 186 204 216 
55-59 158 119 126 134 139 149 155 164 179 190 207 219 



333 

TABLE 

Distr ibutions of th ickness of the skinfold over the t r i ceps musc le . En t r i e s in the 
table a r e the cutting points , in mm . , for the centi les given in the column headings. 
Below these values 5, 10,20 e tc . , per cent of the men a r e found. 

AGE ' NO. 
MEN 5 10 20 

CENTILES 
30 40 50 60 70 80 90 95 

U.S .A . RAILROAD SWITCHMEN 

40-44 
45-49 
50-54 
55-59 

282 
241 
153 
159 

6 
6 
6 
5 

6 
6 
8 
6 

8 
8 
9 
8 

10 
9 

10 
10 

10 
10 
12 
10 

12 
11 
12 
12 

14 
12 
14 
14 

15 
14 
15 
15 

17 
15 
16 
16 

19 
18 
19 
19 

21 
20 
22 
22 

U.S .A. RAILROAD SEDENTARY CLERKS 

40-44 
45-49 
50-54 
55-59 

166 
185 
239 
269 

6 
6 
6 
6 

6 
7 
8 
8 

8 
10 
9 

10 

10 
11 
10 
10 

12 
12 
12 
12 

13 
13 
13 
12 

14 
15 
14 
14 

16 
16 
16 
16 

18 
17 
18 
18 

21 
20 
20 
21 

24 
21 
24 
22 

U.S .A . RAILROAD NON-SEDENTARY CLERKS 

40-44 
45-49 
50-54 
55-59 

31 -
39 -
38 -
47 -

- 6 
- 6 

8 
- 10 

10 
7 
9 

10 

12 
9 

10 
12 

13 
10 
12 
12 

16 
12 
13 
14 

18 
15 
16 
14 

18 
16 
18 
16 

20 
18 
18 
17 

22 
20 
25 
20 

U.S .A . RAILROAD EXECUTIVES 

40-44 
45-49 
50-54 
55-59 

46 --
35 -• 
73 -• 
96 -• 

8 
8 
8 

- 8 

10 
10 
10 
9 

12 
11 
12 
12 

13 
12 
12 
12 

14 
12 
14 
14 

16 
14 
15 
15 

18 
16 
18 
16 

19 
18 
18 
18 

20 
20 
22 
20 

NICOTERA, ITALY 

40-44 
45-49 
50-54 
55-59 

0 
229 
123 
117 

3 
3 
3 

4 
3 
3 

4 
4 
4 

4 
4 
4 

4 
4 
5 

5 
5 
5 

6 
6 
6 

8 
6 
7 

10 
8 
8 

13 
9 

10 

15 
12 
12 



384 
TABLE 

T r i c e p s skinfold t h i ckne s s 

AGE NO. CENTILES 
MEN 5 10 20 30 40 50 60 70 80 90 95 

DALMATIA, YUGOSLAVIA 

40-44 
45-49 
50-54 

55-59 

86 
183 
211 
190 

4 
4 
3 
3 

4 
4 
4 
4 

4 
4 
4 
4 

5 
5 
4 
4 

6 
6 
5 
5 

6 
6 
6 
6 

8 
7 
7 
6 

8 
8 
8 
8 

10 
10 
9 
9 

12 
12 
10 
12 

14 
13 
12 
14 

SLAVONIA, YUGOSLAVIA 

40-44 
45-49 
50-54 
55-59 

103 
182 
197 
205 

3 
3 
3 
3 

4 
4 
4 
4 

4 
4 
4 
4 

5 
5 
4 
4 

6 
6 
5 
5 

7 
7 
6 
6 

8 
8 
6 
6 

10 
10 
8 
8 

10 
11 
10 
9 

14 
13 
12 
11 

16 
16 
14 
15 

EAST F INLAND (KARELIA) 

40-44 

45-49 
50-54 
55-59 

207 

239 
197 
172 

3 
4 
3 
3 

4 
4 
4 
3 

4 
4 
4 
4 

5 
5 
5 
5 

5 
6 
6 
5 

6 
7 
6 
6 

7 
7 
8 
7 

8 
9 
9 
9 

10 
11 
12 
11 

14 
15 
15 
14 

19 
17 
18 
18 

WEST FINLAND 

40-44 
45-49 
50-54 
55-59 

168 
224 
245 
222 

4 
4 
4 
3 

4 
4 
4 
4 

5 
5 
5 
4 

D 

6 
6 
5 

6 
6 
6 
6 

7 
7 
7 
7 

8 
8 
8 
8 

10 
9 

10 
9 

11 
11 
12 
10 

14 
13 
15 
14 

17 
17 
17 
16 

C R E V A L C O R E , I T A L Y 

40-44 
45-49 
50-54 
55-59 

174 
304 
292 
220 

4 
4 
4 
4 

5 
5 
6 
5 

6 
6 
6 
6 

8 
7 
8 
8 

10 

9 
9 
9 

11 
10 
10 
10 

12 
12 
12 
12 

15 
15 
13 
14 

17 
17 
15 
17 

21 
20 

19 
20 

22 
22 
21 
23 

MONTEGIORGIO, ITALY 

40-44 

45-49 
50-54 
55-59 

123 
247 
216 
129 

3 
3 
3 
3 

3 
4 
4 
3 

4 
4 
4 
4 

4 
4 
4 
4 

4 
5 
5 
5 

6 
6 
6 
5 

7 
6 
6 
6 

8 
8 
8 
7 

9 
10 
8 
8 

11 
12 
10 
10 

12 
13 
12 
12 



385 

TABLE 

T r i c e p s skinfold t h i c kne s s 

AGE NO. CENTILES 
MEN 5 10 20 30 40 50 60 70 80 90 95 

ZUTPHEN, NETHERLANDS 

40-44 
45-49 
50-54 
55-59 

181 
237 
234 
225 

4 
4 
4 
4 

6 
5 
5 
6 

6 
6 
6 
6 

8 
8 
8 
7 

8 
8 
8 
8 

10 
9 

10 
10 

10 
10 
10 
10 

12 
11 
12 
11 

14 
12 
13 
12 

16 
14 
15 
14 

18 
16 
18 
16 

C R E T E , GREECE 

40-44 
45-49 
50-54 
55-59 

160 
202 
175 
148 

3 
3 
3 
3 

4 
4 
3 
3 

4 
4 
4 
4 

4 
4 
5 
4 

5 
5 
5 
5 

6 
5 
6 
5 

6 
7 
7 
6 

8 
8 
8 
6 

10 
10 
10 
7 

13 
14 
11 
9 

14 
20 
12 
11 

CORFU, GREECE 

40-44 
45-49 
50-54 

55-59 

120 
114 

169 
126 

4 
3 
4 
3 

4 
4 
4 
4 

4 
4 
4 
4 

5 
4 
4 
4 

5 
5 
5 
4 

6 
6 
6 
5 

7 
7 
6 
6 

9 
8 
8 
7 

10 
10 

9 
10 

11 
12 
12 
12 

15 
15 
16 
15 

ROME, ITALY, RAILROAD EMPLOYEES 

40-44 
45-49 
50-54 
55-59 

196 
215 
231 
124 

5 
4 
4 
4 

6 
6 
5 
5 

7 
7 
6 
6 

8 
8 
8 
7 

9 
9 
8 
8 

10 
10 
10 

9 

11 
10 
10 
10 

12 
12 
12 
11 

14 
14 
13 
12 

17 
17 
15 
14 

20 
19 
17 
15 

VELIKA KRSNA, YUGOSLAVIA 

40-44 

45-49 
50-54 
55-59 

136 
82 

135 
158 

4 
4 
3 
3 

4 
4 
4 
4 

4 
4 
4 
4 

4 
4 
4 
4 

5 
5 
5 
5 

5 
5 
5 
5 

6 
6 
6 
6 

7 
7 
7 
7 

8 
8 
8 
8 

10 
11 
10 
12 

11 
14 
12 
13 

25 



386 

Prevalence of hypertension. Number of men with diastolic blood p r e s su r e (fifth phase) of 
95 mm. or more , and of 100 mm. or mo re . N = total men; OBS - cases observed; cases 
expected from the prevalence in a l l 18 samples . Chi-square value given in pa ren thes i s . 

SAMPLE 

Nicotera 

U. S. Switchmen 

U. S. Sedentary Clerks 

U. S. Non-Sedentary Clerks 

U. S. Executives 

Tanushimaru 

Dalmatia 

A G E 

45-49 
50-54 
55-59 
45-59 

Tl 

40-44 
45-49 
50-54 
55-59 
40-59 

Tl 

40-44 
45-49 
50-54 
55-59 
40-59 

11 

40-44 
45-49 
50-54 
55-59 
40-59 

" 

40-44 
45-49 
50-54 
55-59 
40-59 

" 

40-44 
45-49 
50-54 
55-59 
40-59 

H 

40-44 
45-49 
50-54 
55-59 
40-59 

11 

N 

230 
123 
117 
470 

281 
243 
153 
159 
836 

167 
184 
239 
268 
858 

31 
39 
38 
47 

155 

46 
35 
71 
95 

247 

112 
117 
137 
143 
509 

83 
183 
211 
193 
670 

95 or more 
OBS. 

3 
6 
7 

16 
(75. 

40 
50 
34 
43 

167 
(N. 

33 
39 
63 
66 

201 
(13. 

3 
7 

14 
21 
45 

(10. 

6 
3 

30 
20 
59 

(N. 

2 
4 

10 
22 
38 

(42 

11 
27 
38 
31 

107 
(N. 

E 
38.346 
24.531 
25.005 
87.882 

.03) 

41.990 

40.513 
30.514 

33.981 
146.998 

s.) 

24.955 
30.676 
47.666 

57.277 
160.574 

.20) 

4.632 
6.502 

7.579 
10.045 
28.758 

.72) 

6.874 
5. 835 

14. 160 
20.303 
47.172 

S.) 

16.736 
19.506 
27.323 
30.562 
94. 127 

.18) 

12.403 
30.510 
42.082 

41.248 
126.243 

s.) 

100 . 

OBS. 
2 
4 
5 

11 
(40 

27 
34 
23 
33 

117 
(8. 

21 
22 
42 
47 

132 
(H 

1 
2 

11 
13 
27 

(4. 

4 
2 

20 
13 
39 

(N. 

2 
4 
9 

15 
30 

(13 

6 
16 
16 
18 
56 

(8. 

Dr more 
E 

22.446 
15.995 
16.170 
54.611 

.48) 

24.936 
23.714 

19.896 
21.975 
90.521 

97) 

14. 820 
17.957 
31.080 
37.040 

100.897 

.37) 

2.751 

3. 806 
4.942 
6.496 

17.995 
61) 

4.082 
3.416 
9.233 

13. 130 

29.861 

s.) 

9.938 
11.418 
15.215 
19.764 
56. 335 

.91) 

7.365 

17.859 
27.438 
26.675 

79.337 
28) 
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SAMPLE 

Slavonia 

East Finland 

West Finland 

Crevalcore 

Montegiorgio 

Zutphen 

Ushibuka 

A G E 

40-44 

45-49 
50-54 

55-59 
40-59 

" 

40-44 

45-49 
50-54 

55-59 
40-59 

11 

40-44 

45-49 
50-54 

55-59 
40-59 

It 

40-44 

45-49 
50-54 

55-59 
40-59 

It 

40-44 

45-49 
50-54 

55-59 
40-59 

It 

40-44 

45-49 
50-54 

55-59 
40-59 

" 

40-44 

45-49 
50-54 

55-59 
40-59 

11 

N 

102 

181 
197 
217 
697 

206 
235 
197 
170 

808 

168 
224 
245 
222 

859 

164 
302 
290 
228 
984 

123 
247 
217 
131 
718 

180 
237 
233 
225 
875 

115 
128 

139 
118 
500 

95 or more 
OBS. 

14 

31 
22 
48 

115 

(N. 

45 
64 
70 
65 

244 
(87. 

14 

13 
36 
30 
93 

E 
15.242 

30.176 
39.290 
46.377 

131.085 

S.) 

30.783 

39.179 
39.290 
36.332 

145.584 

09) 

25. 104 
37.345 
48.863 
47. 446 

158.758 
(114.28) 

27 
62 
75 
65 

229 
(16. 

7 
22 
32 
20 

81 

24.507 

50.349 
57. 838 
48.728 

181.422 
36) 

18.380 
41.180 
43.278 
27.997 

130.835 
(24.23) 

53 

69 
72 

71 
265 

(88. 

8 

17 
18 
15 
58 

(15. 

26.897 
39.513 
46.470 

48.087 
160.967 
22) 

17. 184 
21.340 
27.722 

25.219 
91.465 

19) 

100 or m o r e 
OBS. 

9 
20 
16 
27 
72 

(N. 

27 
41 

47 
43 

158 
(60 

7 
8 

25 
16 
56 

(22 

14 
31 
45 

39 
129 

(N. 

3 
7 

18 
11 

39 
(24 

35 
42 
54 

51 
182 

(79 

4 
11 
12 

9 
36 

(8.' 

E 
9.051 

17.664 
25.618 
29.992 
82.325 

S.) 

18.280 
22.934 
25.618 
23.496 
90.328 

.32) 

14.908 
21. 860 

31.860 
30.683 
99.311 

.54) 

14.553 
29.472 
37.712 
31.512 

113.249 

s.) 

10.915 
24.105 

28.219 
18. 106 
80.345 

. 88) 

15.973 

23.129 
30.299 
31.097 

100.498 
.74) 

10.205 
12.492 

18.076 

16.309 
57..082 

75) 
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SAMPLE AGE N 

Crete 40-44 158 
45-49 201 
50-54 173 

55-59 146 
40-59 678 

Corfu 40-44 120 
45-49 114 
50-54 169 
55-59 126 

40-59 529 

Rome Railway Men 40-44 197 
45-49 215 
50-54 232 
55-59 124 
40-59 768 

Velika Krsna 40-44 136 
45-49 82 

50-54 135 
55-59 158 
40-59 511 

95 or more 
OBS. 

22 
27 

19 
14 
82 

(17. 

10 

17 
22 
14 
63 

(15. 

50 
70 

61 
44 

225 
(70. 

12 
8 

16 
21 
57 

E 
23.610 
33.511 
34.503 
31.203 

122.827 
,16) 

17.932 
19.006 
33.705 

26.929 
97.572 

28) 

29.438 
35. 845 
46.270 
26.501 

138.054 
56) 

20.322 

13.671 
26.924 
33.768 
94.685 

100 i 
OBS. 

9 
10 
11 
8 

38 
(22, 

7 
10 

13 
8 

38 

(10. 

31 

47 
43 
31 

152 
(60. 

5 

3 
7 

12 

27 

or m o r e 
E 

14.021 
19.616 
22.497 

20. 179 
76.313 

.39) 

10.649 
11.125 
21.977 
17.414 
61.165 

,40) 

17.482 
20.982 

30.169 
17.138 
85.771 

60) 

12.069 
8.002 

17.555 
21.837 
59.463 

(18.75) (20.34) 
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