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STELLINGEN 

1. Zowel de concentraties van totaal als van high density lipoprotein (HDL) 

cholesterol in het serum zijn hoger bij een meer "verwesterde" voeding 

rijk aan verzadigd vet en arm aan complexe koolhydraten. 

Dit proefsahrift. 

2. Een lage concentratie van HDL cholesterol in het serum bij een habitueel 

lage vetopname brengt wellicht geen hoger risico met zich mee op het 

krijgen van coronaire hartziekten dan een hoge concentratie van HDL 

cholesterol bij een habitueel hoge vetopname. 

Dit proefsahr-ift. 

3. Relaties tussen parameters van de voedselopname en de concentraties 

van totaal en HDL cholesterol in het serum zijn aantoonbaar binnen 

populaties. 

Dit proefsahrift. 

k. De afwezigheid van een negatieve relatie tussen de gemiddelde HDL 

cholesterol niveaus in het serum en de sterftecijfers van coronaire 

hartziekten van populaties is niet onverenigbaar met de beschermende 

functie die het HDL cholesterol wordt toebedacht. 

Dit proefsahrift. 

5. De thans gebruikte aanbevolen hoeveelheden zijn ongeschikt voor de 

evaluatie van de voedselopname van individuen en ook voor die van 

groepen. 

6. Niets 1ijkt zoveel op een opvallend interessante ontdekking als een 

resultaat bereikt met een onnauwkeurige methode. 

7. Het preventieve effect van een verlaging van het cholesterolgehalte 

in het serum bereikt door wijzigingen in de voeding dient niet 

zonder meer gel ijkgesteld te worden aan het effect van een zelfde 

verlaging bereikt door medicijnen. 



8. Eet wat u wordt voorgezet en geneest de z ieken d ie e r z i j n . Want 

wat uw mond binnengaat zal u n i e t on re in maken, maar wat uw mond 

u i t g a a t dat maakt u o n r e i n . 

Jezus Christus in het Thomas evangelie, logion 14. 
Uitgeverij Karnak, Amsterdam, 1980. 

9. Het onderzoek naar biochemische i n d i c a t o r e n van de voedselopname 

d ien t s t e rk te worden ges t imu lee rd . 

10. Teneinde een g e l i j k e v e r d e l i n g van de las ten en lus ten b i j het 

k r i j g e n van een k i nd te bevorderen, zou het aanbevel ing verdienen 

ook de in het a rbeidsproces p a r t i c i p e r e n d e vader een aanta l weken 

met g e d e e l t e l i j k " g e b o o r t e v e r l o f " te zenden. 

Proefschrift J.T.Knuiman 

Determinants of total and high density lipoprotein aholesterol 

in boys and men with special reference to diet 

Wageningen, 20 mei 1983 
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PREFACE 

In t h i s t hes i s several i n t e r n a t i o n a l s t ud ies on the determinants o f t o t a l 

and h igh dens i ty l i p o p r o t e i n (HDL) c h o l e s t e r o l are desc r ibed . Special a t t e n t i o n 

was given to the s t a n d a r d i z a t i o n o f measurements and the es t ima t i on o f food 

i n t a k e . The p r o j e c t was c a r r i e d out in the Department o f Human N u t r i t i o n o f 

the A g r i c u l t u r a l U n i v e r s i t y in Wageningen, the Netherlands in cooperat ion 

w i t h i n s t i t u t e s in several c o u n t r i e s . The p r o j e c t was f i n a n c i a l l y supported 

by the Netherlands Heart Foundat ion. I am very g r a t e f u l to the very many people 

who gave adv i ce , support and ass is tance in c a r r y i n g out the var ious s t u d i e s . 

The people i nvo lved are too numerous t o mention them a l l by name but I would 

l i k e to thank them s i n c e r e l y . 

I would l i k e to thank P ro f . J .G.A.J .Hautvas t f o r h i s conf idence in me to 

des ign , to ca r ry out and to coord ina te the var ious s t u d i e s . I am g r a t e f u l f o r 

the f r u i t f u l d iscuss ions we have had throughout the p r o j e c t . I would a l so l i k e 

to thank my c o - r e f e r e n t , Dr C.E.West, f o r h i s ass is tance w i t h a l l aspects o f 

the p r o j e c t , e s p e c i a l l y f o r h i s help in p repar ing the work ing plans f o r the 

var ious s tud ies and f o r c r i t i c a l l y rev iewing the manuscr ip ts . I am very g r a t e f u l 

t o Susanne Westenbrink and Lidwien van der Heyden f o r t h e i r i nva luab le ass is tance 

w i t h the food consumption study and t h e i r cheer fu l support throughout the p r o j e c t . 

I am a l so very g r a t e f u l t o Jan Burema f o r h i s ass is tance w i t h the s t a t i s t i c a l 

analys i s . 

I am indebted to the many people who helped w i t h the i n t e r n a t i o n a l study 

descr ibed in Chapter 5 and many o f whom a lso ass i s ted w i t h the s tud ies descr ibed 

in Chapters 2 and 3. I would p a r t i c u l a r l y l i k e to ment ion: Assoc. P ro f . 

L.Rasanen, Dr J . V i i k a r i and Ms L .V i rkkunen, M.Sc. from F i n l a n d ; Ms P.Lokko, M.Sc. 

and P ro f . J.O.M.Pobee from Ghana; P ro f . A .Fer ro -Luzz i , Dr A . M . F e r r i n i , Dr C. 

Scaccini and Ms S.Set te from I t a l y ; Ms G .M .V i1 l av i e j a , M.Sc. and D r . J . B u l a t a o -

Jayme from the P h i l i p p i n e s . 

In a d d i t i o n , I would l i k e to thank the f o l l o w i n g people who were a l so 

i nvo lved in c a r r y i n g out the two s tud ies descr ibed i n Chapters 2 and 3. Dr G.P. 

R a v e l l i , Dr J . P i e r r e and Dr P.J.Lamotte from Ivory Coast; Dr J .B .Fashak in , 

Dr C.O.Adesanya and Dr F. I . A n j o r i n f rom N i g e r i a ; Dr A . H i l v e r s , P ro f . I .Oemrawsingh 

and I r M.Asmoredjo-Ki rchmann from Suriname; P ro f . R.M.Lauer and Dr M.F.Sowers 

from the U.S.A.; Dr M. I lyas from Pak is tan ; Dr P .D i jkhu izen (NUFFIC-lCFSN p r o j e c t 

Los Banos) from the P h i l i p p i n e s ; Dr K.Widhalm from A u s t r i a ; Dr K . Ibsen, Dr H. 

Meiner tz and Dr O.Faergeman from Denmark; P ro f . P.Puska from F i n l and ; P ro f . 



C.Aravanis from Greece; Dr I.Kamaras from Hungary; P ro f . O.Conor Ward from 

I r e l a n d ; Dr S.L.Rywik from Poland; Dr A.M.C.Hunes, Dr F.de Padua and Dr J . A . G i l 

Forte from P o r t u g a l ; Dr I .Ba lague r -V in t ro from Spa in ; and Dr L . I . H a r d e l l from 

Sweden. 

Throughout the p r o j e c t I had s t i m u l a t i n g and c r i t i c a l d iscuss ions w i t h 

the f o l l o w i n g people: Dr M.B.Katan and Ms W.A.van S taveren, M.Sc. in the 

Department o f Human N u t r i t i o n and a lso w i t h P ro f . R.J.J.Hermus, Dr J.Vandenbroucke, 

Dr D.Kromhout, Dr F.van der Haar, Dr A.Cramwinckel, Ms W.Boei jen, Drs M.J.Jansen, 

Dr E.Dekker, P ro f . F. ten Hoor and P ro f . H .K.A.V isser . I am a l so g r a t e f u l t o 

Ms J.Marr from the Department o f C l i n i c a l Epidemiology, Royal Free H o s p i t a l , 

London, England and to Dr T .S t rasser from the Card iovascular Disease U n i t , 

World Heal th O rgan i za t i on , Geneva, Sw i tze r land f o r t h e i r advice in the p lann ing 

o f the var ious s t u d i e s . 

Many people gave p r a c t i c a l advice and ass is tance w i t h the var ious s tud ies 

and I would e s p e c i a l l y l i k e t o ment ion: Mr M .Ca l l ebe r t , Mr H.Overweg, Ms M. 

Riemens-Dijksma and Dr J.van Haaren who helped us in making contac t w i t h the 

men who p a r t i c i p a t e d in the study descr ibed in Chapter h; Drs G.Makkink and her 

co l leagues f o r t h e i r ass is tance i n the var ious s tud ies w i t h the schoolboys; 

and Drs A.L.M.Verbeek f o r h i s advice and c a r r y i n g out the c l i n i c a l examinat ions 

o f the macrob io t i cs in Belgium. 

There are many people in the Department o f Human N u t r i t i o n f o r whose 

ass is tance in c a r r y i n g out the p r o j e c t I am p a r t i c u l a r l y g r a t e f u l : Helmi van 

der Wiel -Wetzels f o r the measurement o f s k i n f o l d s ; Ans S o f f e r s , Joke Barendse-

van Leeuwen and Cock Gerraing-Nouwen f o r t echn ica l a ss i s t ance ; Annemieke 

J a a r t s v e l d and C h r i s t e l S i js termans-Mertens f o r ass is tance i n c o l l e c t i n g the 

food i n take da ta ; Janna de Boer f o r the computer ana l ys i s o f the data descr ibed 

in Chapter 5; Hannie van Oosten-Van der Goes, Ben Schol te and Jaap Booy f o r 

t h e i r ass is tance w i t h data p rocess ing ; Truus Kosmeyer-Schui1, Jannie Bos, 

E l l y Koot -Gronsveld, L i z e l o t t e van der Snoek and Peter van den Bovenkamp 

fo r the ana l ys i s o f food samples; Henny Verwey and Frans Schouten f o r the 

ana lys i s o f t o t a l and HDL c h o l e s t e r o l ; R iek ie van der Molen-Janssen and 

Marianne Reinink f o r t yp i ng a r t i c l e s inc luded in the t h e s i s . I am g r a t e f u l to 

Mr P.Middelburg and Ms N.Th.Broekmeyer-Rustige f o r ass is tance w i t h a d m i n i s t r a t i o n 

and f i n a n c i a l m a t t e r s . 

F i n a l l y , I would l i k e to thank my w i f e , W i l l y , f o r the pa t ience and 

understanding and a lso f o r t yp ing the t h e s i s . 

Wageningen, February J983 Jan Knuiman 



1 INTRODUCTION* 

Coronary heart disease and its determinants 

Mortality from coronary heart disease is high in western countries 

especially when compared with less developed countries. In the Netherlands 

since the Second World War, there has been a trend towards a higher incidence 

at a younger age (11) and this premature morbidity and mortality from coronary 

heart disease has an enormous social and economic impact. Therefore, a tremendous 

amount of work has been done throughout the world to identify factors causing 

the disease. 

The disease appears to be multifactorial and a number of factors related 

to the individual and his environment would appear to be associated with the 

high mortality from coronary heart disease. Nutritional factors are likely to 

play an important role (12). Much of the evidence indicates that nutritional 

factors operate through the action of the lipids and lipoproteins in the serum. 

For example, high correlations have been found between the proportion of energy 

in the diet derived from saturated fat, the concentration of cholesterol in the 

serum, the mortality from coronary heart disease and the extent of athero­

sclerotic plaques in the coronary artery between populations (13 - 16). There is 

a relationship, both between and within populations, of the concentration of 

serum cholesterol with the risk of coronary heart disease (l'(, 17). Animals 

receiving hypercholeste olaemic diets are more prone to coronary heart disease 

than animals on normocholesterolaemic diets (l8, 19). Children genetically 

predisposed to having elevated serum cholesterol concentrations, particularly 

those homozygous for type II hyperlipoproteinaemia (familial hyperl i poprotein-

aemia), often die from coronary heart disease before reaching the age of 20 

(20). Long term intervention studies have shown that it is possible to reduce 

the incidence of coronary heart disease when the dietary intake of saturated 

fat is decreased and that of linoleic acid is increased (21, 22). Analysis of 

the components of the atherosclerotic plaque and studies on the origin of 

material in the plaque are consistent with the concept that serum lipoproteins 

have a role in the aetiology of coronary heart disease (23). 

Largely based on reference 1. In addition aspects of the work related to 

that described here have also been published (2 - 10). 



The concept of serum lipoproteins 

Since the earlier descriptions of the relationship between the concentration 

of cholesterol in serum and the incidence of coronary heart disease, the picture 

has been refined. Cholesterol is transported in serum together with other lipids 

bound to proteins as serum lipoproteins. These lipoproteins can be separated 

by ultracentrifugation in a density gradient on the basis of their density into 

a number of classes: the very low density lipoproteins (VLDL), the low density 

lipoproteins (LDL) and the high density lipoproteins (HDL). 

Epidemiological studies indicate that LDL particles appear to be damaging 

to the arteries while HDL particles apparently are beneficial (24 - 27) and 

laboratory studies support these findings. For example Steinberg et al (28) 

have shown that the binding of LDL to the surface of aortic smooth muscle cells 

is reduced by HDL and Miller et al (29) have reported similar observations with 

fibroblasts. It is also interesting to mention the study of Zilversmit et al 

(30) in which it was shown that mink fed a commercial ration moderately high 

in cholesterol or a serai puri fi ed diet have serum cholesterol concentrations 

similar to those found in humans. However, even after two years on such diets, 

the aortas and coronary arteries of the mink were found to be free of fatty 

streaks and atherosclerotic plaques. This may be due to the fact that in mink, 

unlike in humans, 80 percent of the cholesterol in the serum is carried in the 

HDL subfraction. 

Coronary heart disease and children 

Despite the enormous body of knowledge that has accumulated on the 

relationship between nutrition and coronary heart disease, the results of 

nutritional intervention studies aimed at reducing the incidence of coronary 

heart disease (21, 22) have been somewhat disappointing. It is possible 

that intervention earlier in life would be more effective. Studies in non-

human primates have shown that experimentally induced fatty streaks and 

fibrous plaques can be made to regress by feeding diets low in cholesterol 

and saturated fat (31). However, only the simplest fatty streaks appear to 

be truly reversible. It may well be, as suggested by Pearson et al (32), 

that two populations of fatty streaks exist: one destined, perhaps by its 

location or risk factors, to develop into fibrous plaques; and a second 

which remains as fatty streaks and never goes on to become fibrous plaques. 

Fibrous plaques can already be found in the coronary arteries of persons 
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in their early twenties (33, 3*0 and even in children below 15 years of age 

(35). The concept that atherosclerosis possibly begins in childhood probably 

dates from the paper of Holman (36) in 1961 in which he drew attention to 

the pathology of atherosclerosis in children. As a result of this early work, 

many studies on the risk factors for coronary heart disease in children have 

already been carried out or have commenced. 

Objectives for research in infants and children 

According to the World Health Organization studies in children should try 

to provide answers to the following questions (37): 

- what is the magnitude of the risk indicators of coronary heart disease in 

infants and children living in different biological, social and cultural 

envi ronments; 

- how does the magnitude of the risk indicators in the infants and young 

children relate to the magnitude of the risk indicators and to the disease 

itself in the parents and grandparents; 

- at what time and under what circumstances does an increased level of the 

risk indicators appear and what is the cause of this increase; 

- what can be done to prevent an increased level of risk indicators from 

developing and, more importantly, to prevent the onset of severe coronary 

heart disease and its complications. 

Results of studies carried out in children 

Many studies in infants and children have been carried out in the last 

two decades, especially in the .more affluent countries in the developed world 

(38 - 50l. In the Netherlands too, a number of studies was undertaken (40, 41 ) . 

From 1974 to 3976 Van der Haar and Kromtiout (41) carried out a regional 

comparative study in children aged 6 - 1Q years in three towns. The meanserum 

cholesterol concentration was found to be about 4.5 mmol/1 and the mean HDL 

cholesterol concentration was about 1.4 mmol/1. A need was felt to compare 

the results of this study with those of children in other countries. However, 

relatively little was known about the concentration of total and HDL cholesterol 

in the serum of children 1 lying in countries with low mortality of coronary 

heart disease, in addition, it was also difficult to compare published data 

on serum total and HDL cholesterol concentrations, because of variations not 

due to biological factors of the actual concentrations (51). Variability may 
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arise from differences in the methods used or by the use of similar methods 

not only by different people but also by the same people under different 

conditions or at a different time. Variability may also arise from differences 

in the methods of blood sampling, the storage of serum, etc. 

The studies described in this thesis 

The first study described in this thesis (Chapter 2) was designed to obtain 

reliable data on the concentrations of total and HDL cholesterol in the serum 

of 7 and 8 year-old boys from sixteen countries with different rates of 

mortality from coronary heart disease. A standardized protocol was used for 

the collection of samples with the analyses being carried out in a single 

laboratory. 

Surprisingly, the results of this study showed that the mean concentrations 

of HDL cholesterol appeared to increase linearly with that of total cholesterol 

(r = 0.90, n = 26 regions). Even for the 15 European regions, the correlation 

coefficient was almost identical (r = 0.89). This result suggested that the 

mean concentration of HDL cholesterol would also be positively related to the 

mortality of coronary heart disease as the mean concentration of total 

cholesterol is highly correlated with the mortality rate of coronary heart 

disease between populations and provided that our findings in boys could be 

extrapolated to adults. This result also suggested that a western type of diet 

with a relatively high contribution of animal products and therefore rich in 

saturated fat and relatively poor in complex carbohydrates, is responsible for 

the higher serum total and HDL cholesterol concentrations in the boys of the 

more developed countries. 

The second study (Chapter 3) was carried out in adult men from thirteen 

countries with different rates of mortality from coronary heart disease to 

examine whether the findings in the boys can actually be extrapolated to 

adults. The study was. carried out in a similar way as the first study. 

The third and fourth studies (Chapter h and 5, respectively) were carried 

out to examine whether a diet relatively rich in saturated fat and relatively 

poor in corpplax carbohydrates is associated with relatively high 

concentrations of both total and HDL cholesterol. The third study (Chapter h) 

was carried out in macrobiotic, vegetarian and non-vegetarian men and boys 

living in the Netherlands and the Flemish part of Belgium. As the study was 

carried out in such a relatively s,raall geographical area, the influence of 

confounding factors, which may result from a between country comparison, was 



reduced. The fourth study (Chapter 5) was carried out in boys living in 

Finland, the Netherlands, Italy, the Philippines and Ghana. The relationships 

between dietary variables and the concentrations of total and HDL cholesterol 

were examined by comparing the mean values for the groups from the different 

countries and by looking for associations between dietary variables and the 

concentrations of total and HDL cholesterol within the groups from the various 

countries. 

Finally, a general discussion of the studies is presented in Chapter 6. 
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Summary 

Serum total and HDL cholesterol concentrations were measured in school­
boy populations from 16 countries. Total and HDL cholesterol concentrations 
were determined in one laboratory to reduce methodological variability as 
much as possible. A standardized protocol was used for the drawing of blood, 
preparation, storage and transport of serum. 

Mean serum total cholesterol concentrations were relatively low in the less 
developed countries and relatively high in the more developed ones. Mean 
serum HDL cholesterol concentrations showed a distribution similar to that of 
mean total cholesterol: relatively low levels in the less developed countries and 
relatively high levels in the more developed ones. 

Statistically significant relationships were found between serum total and 
HDL cholesterol between individuals, between populations and within popula­
tions. 

The relationship between HDL cholesterol concentrations and diet is 
discussed. 

Key words: School boys (international comparison) — Serum HDL cholesterol — Serum 
total cholesterol 
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Introduction 

Relatively little is known about the serum concentrations of total and high 
density lipoprotein (HDL) cholesterol of children living in different countries 
of the world with differing rates of mortality from coronary heart disease 
(CHD). Information on serum concentrations of total and HDL cholesterol 
would be particularly interesting as it is possible that atherogenesis begins in 
childhood [1—3] and because of the postulated protective effect of high 
concentrations of HDL cholesterol [4,5]. 

It is difficult to compare the known data on serum total and HDL cho­
lesterol concentrations because of the variations, not due to biological factors, 
in the results obtained. Apparent concentrations may vary up to 40% by the 
use of different methods or even by the use of the same technique by people in 
different laboratories [6]. Variability possibly also results from differences in 
the methods of blood sampling, storage of serum, etc. 

This study was designed to obtain reliable data on a limited number of 
7- and 8-year-old boys in countries with different rates of CHD mortality, by 
using a standardized protocol for the collection of samples and by carrying out 
the analyses in a single laboratory using standardized methods. It is hoped that 
a more comprehensive study will be carried out in the future, using a larger 
number of samples from a wider range of people. 

The results obtained indicate that the serum total cholesterol concentration 
is lower in the developing countries studied in Africa and Asia, and higher in 
the developed countries of Europe and in the U.S.A. The serum HDL cho­
lesterol concentrations were generally correlated with the total cholesterol 
concentrations. 

Methods 

Samples were collected from 16 countries in various regions of the world 
selected on the basis of having different patterns of diet [7] and different rates 
of mortality from coronary heart disease (1974/1975 data for men aged 55—64 
years were provided by Dr. T. Strasser, Cardiovascular Diseases Unit, WHO, 
Geneva). In each country, co-operation was sought from a well known scientist 
or institute to collect samples from 35 boys in five schools in both an urban 
and a rural environment. The investigators involved and the location of study 
areas are shown in Table 1. Samples were collected from boys aged 7 and 8 
years after obtaining the necessary parental consent as required locally. The 
boys were chosen at random and samples were taken from those found to be 
healthy by visual inspection. 

Blood was drawn [8] without the addition of EDTA as only the serum was 
required. The serum was separated from the blood cells and stored at — 20° C 
until shipment to The Netherlands in the frozen state by air express. All 
samples arrived at the laboratory in the frozen state and were then stored at 
—20° C until analysis which was carried out within 2.5 months of blood 
sampling. Storage for periods up to 6 months at — 20° C has been shown not to 
affect measurement of HDL and total cholesterol concentration (M.B. Katan et 
al., unpublished observations) Miller et al. [4] have previously reported that 
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storage of serum for 2 months at — 20° C has no effect on the measurement of 
HDL cholesterol. To ensure uniformity in the method of blood sampling and 
transport, all the necessary materials were supplied from the laboratory in 
Wageningen. 

Serum total cholesterol was measured by the direct method of Huang et al. 
[9,10] and calibrated against the method of Abell et al. [11]. The precision of 
the method varied between 0.7 and 2.7% (coefficient of variation). The 
accuracy defined as the difference between the concentration of total cho­
lesterol in standard sera as measured in our laboratory and compared with the 
values as provided by the Center for Disease Control, Atlanta, GA, U.S.A. was 
between 0 and 2.5%. HDL cholesterol determinations were preceded by 
precipitation of LDL and VLDL by heparin—MnCl2 [10,12]. The precision of 
the HDL cholesterol determinations varied between 1.7 and 2.5% and the 
accuracy between 0.3 and 1.8%. Since 1977 the Lipid Laboratory of the 
Department of Human Nutrition has been certified by the Center of Disease 
Control as meeting the criteria for precision and accuracy as specified for 
standardization by the WHO Collaborating Center for Reference and Research 
in Blood Lipids [13]. 

The HDL cholesterol/total cholesterol ratio was calculated for each child and 
the means and SEM of the total cholesterol and HDL cholesterol concentration 
and the ratio calculated for each urban and rural group. The relationships 
between the HDL and total cholesterol concentrations were examined by cal­
culating the correlation co-efficients both within and between the population 
groups studied. In addition the total cholesterol and HDL cholesterol concen­
trations were correlated with the availability of animal products expressed as 
percentage of the total energy supply per capita [7] of the various countries. 

Results 

The mean serum concentrations of total cholesterol and HDL cholesterol in 
all subjects are presented in Table 2. The mean concentrations of total 
cholesterol in the three West African countries (Ghana, Ivory Coast and 
Nigeria) were low (2.64—3.53 mmol/1), the lowest being observed in the rural 
Nigerian boys. The values from Pakistan (3.31 and 3.76 mmol/1) were also 
quite low. The serum total cholesterol concentrations in the rural groups were 
significantly lower (Student £-test, P< 0.05) than those in the corresponding 
urban groups in Ghana, Nigeria and Pakistan. Intermediate values were 
observed in the Philippines, Greece, Portugal and Hungary (3.78—4.17 mmol/1). 
Higher serum total cholesterol concentrations were found in the boys in the 
remaining European countries and the United States (4.27—5.16 mmol/1). In 
this group of countries, a comparison of the values from countries where data 
from both rural and urban environments were available (Ireland, the 
Netherlands, Sweden and Finland) showed that the mean serum total 
cholesterol concentration in boys from the rural areas (4.69 ± 0.069 mmol/1, 
n = 147) was significantly higher (P < 0.05) than the value found in boys from 
the urban areas (4.50 ± 0.056 mmol/1, n = 145). 

HDL cholesterol concentrations also varied over a wide range. Generally the 
mean serum HDL cholesterol concentrations showed a distribution similar to 
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TABLE 2 

TOTAL AND HDL CHOLESTEROL CONCENTRATIONS IN SERUM OF BOYS AGED 7 AND 8 
YEARS IN RURAL AND URBAN AREAS OF 16 COUNTRIES 

The correlation coefficient of total and HDL cholesterol between individuals in all countries was 0.60 
(P < 0.001, n = 901) and the mean correlation co-efficient between total and HDL cholesterol in each 
population group (7) was 0.35 (P < 0.001, n = 26) 

Country Area Sample 
size 

Total 
cholesterol 
(mmol/1) a 

HDL 
cholesterol 
(mmol/1) a 

HDL/total 
cholesterol a 

Correlation 
coefficient " 

Africa 
Ghana 
Ghana 
Ivory Coast 
Ivory Coast 
Nigeria 
Nigeria 

America 
U.S.A. 

Asia 
Pakistan 
Pakistan 
Philippines 
Philippines 

Europe 
Austria 
Denmark 
Finland 
Finland 
Greece 
Hungary 
Ireland 
Ireland 
Netherlands 
Netherlands 
Poland 
Portugal 
Portugal 
Sweden 
Sweden 

R 
U 
R 
U 
R 
U 

R 

R 
U 
R 
U 

U 
U 
R 
U 
R 
U 
R 
U 
R 
U 
U 
R 
U 
R 
U 

35 
35 
31 
35 
36 
36 

34 

34 
36 
34 
27 

30 
36 
35 
35 
38 
38 
35 
36 
41 
39 
33 
33 
35 
36 
35 

3.13 + 0.13 
3.53 + 0.12 
3.26 ± 0.13 
3.14 ± 0.11 
2.64 ± 0.10 
3.37 ± 0.12 

3.31 ± 0.11 
3.76 ± 0.11 
4.17 ± 0.10 
4.09 ± 0.14 

4.45 
4.49 
5.16 
4.82 
3.78 
4.11 
4.51 
4.43 
4.56 
4.27 
4.56 
3.76 
3.94 
4.60 
4.49 

± 0.11 
± 0.13 
± 0.15 
± 0.13 
± 0.12 
+ 0.14 
i 0.14 
± 0.11 
t 0.12 
± 0.10 
± 0.10 
± 0.09 
± 0.12 
± 0.13 
± 0.10 

0.92 + 0.051 
1.06 + 0.037 
1.04 + 0.050 
0.93 ± 0.035 
0.81 ± 0.042 
1.21 + 0.060 

4.35 + 0.12 1.37 + 0.046 

0.78 ± 0.027 
0.92 ± 0.033 
1.11 + 0.039 
1.06 + 0.054 

1.38 
1.51 
1.68 
1.72 
1.21 
1.46 
1.49 
1.40 
1.46 
1.33 
1.65 
1.20 
1.31 
1.54 
1.49 

+ 0.058 
+ 0.053 
± 0.056 
+ 0.057 
+ 0.037 
± 0.045 
± 0.051 
± 0.048 
+ 0.044 
± 0.053 
+ 0.059 
+ 0.045 
± 0.049 
+ 0.053 
+ 0.052 

0.30 ± 0.015 
0.30 ± 0.010 
0.32 + 0.014 
0.30 + 0.010 
0.32 ± 0.017 
0.36 + 0.017 

0.32 ± 0.010 

0.24 + 0.009 
0.25 + 0.012 
0.27 + 0.010 
0.27 + 0.013 

0.32 ± 
0.34 + 
0.33 ± 
0.36 + 
0.33 ± 
0.36 ± 
0.34 + 
0.32 + 
0.33 t 
0.31 ± 
0.37 + 
0.32 ± 
0.34 ± 
0.34 + 
0.34 + 

0.016 
0.013 
0.012 
0.012 
0.011 
0.015 
0.015 
0.010 
0.009 
0.013 
0.012 
0.016 
0.010 
0.013 
0.013 

0.60 ** 
0.38 * 
0.58 ** 
0.47 ** 
0.41 * 
0.58 ** 

0.34 * 

0.34 * 
0.11 
0.33 
0.47 * 

—0.12 
0.34 * 
0.31 
0.48 ** 
0.31 

—0.05 
0.14 
0.40 * 
0.47 ** 
0.49 ** 
0.35 * 
0.38 * 
0.51 ** 
0.33 * 
0.10 

a Values expressed as mean ± SEM. 
" Correlation coefficient between total and HDL cholesterol within groups. 
Significance of the correlation coefficient: * P < 0.05; ** P < 0.01. 

that observed for the total cholesterol concentrations; relatively low values 
(0.78—1.31 mmol/1) in the developing and the less developed countries (in West 
Africa, Asia, Greece and Portugal), and higher values (1.33—1.72 mmol/1) in 
the developed countries (U.S.A. and the remaining European countries). As 
with serum total cholesterol, in Ghana, Nigeria and Pakistan, the means of the 
serum HDL cholesterol concentrations were significantly lower (P < 0.05) in 
the boys from the rural areas (0.84 ± 0.025 mmol/1, n = 107) compared with 
those from the urban areas (1.05 ± 0.028 mmol/1, n = 107). The serum HDL 
cholesterol concentrations in rural boys from the developed countries tended 
to be higher than those from the urban areas but the difference was not 
significant. 
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Fig. 1. Relationship between HDL cholesterol and total cholesterol between populations (r = 0.90. P < 
0.001, n = 26). For abbreviations see Table 1. 

From the total cholesterol concentrations and the HDL cholesterol 
concentrations for each boy studied, correlation co-efficients can be calculated 
and these are also presented in Table 2. In most cases (18 out of 26), the values 
are positive and significant, the mean value (r) being 0.35 (P < 0.001). When 
the correlation co-efficient is calculated for all individuals in the study grouped 
into rural and urban areas of the various countries, it is very high (r = 0.90, P < 
0.001; Fig. 1) although the correlation co-efficient falls to 0.60 (P < 0.001) 
when all individuals are compared disregarding their location. 

The serum HDL cholesterol/total cholesterol ratio in the Asian boys (0.24— 
0.27) was found to be much lower than in all the other groups studied (0.30— 
0.37). 

It was possible to compare the mean serum total cholesterol and HDL cho­
lesterol concentrations of the pooled urban and rural populations with the 
availability of animal products in 1973/1974 per capita in all the participating 
countries and expressed as percentage of the total energy supply. The correla­
tion co-efficient using the total cholesterol concentrations was 0.91 and using 
the HDL cholesterol concentrations was 0.90 (P < 0.05 for both values). 

Discussion 

This study clearly shows that there are large variations in mean total and 
HDL cholesterol concentrations in serum between populations of 7- and 8-year-
old boys. The differences observed are real because extensive internal and 
external quality control of the measurements were employed. The data 
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obtained are of a preliminary nature because of the small number of boys 
studied in each population. In a larger study, more attention would need to be 
paid to the selection of individuals within each population. 

The serum total and HDL cholesterol concentrations reported here (Table 2) 
are basically similar to those reported by other workers. For example, for total 
cholesterol, workers in the U.S.A. found concentrations of 4.09—4.82 mmol/1 
[14—19];in Denmark, 5.06 ± 0.73 mmol/1 (mean ± SD) [20];in Finland,6.09 ± 
1.01 mmol/1; and in the Netherlands, 4.53 ± 0.70 mmol/1 [12]. For HDL cho­
lesterol, concentrations of 1.45—1.61 mmol/1 have been reported for American 
children [19] and 1.36 mmol/1 for Dutch children [12]. However, values for 
HDL cholesterol in black South African children have been reported to be as 
high as 1.66 mmol/1 [22], while comparable values in this study (from West 
Africa) are 0.81—1.21 mmol/1. The HDL cholesterol/total cholesterol ratio for 
the South African children was 0.55 compared with 0.30—0.36 for the West 
African boys presented here. At this stage it is not possible to attribute these 
differences to biological or to methodological factors and so further work is 
required in this area. 

Lower total and HDL cholesterol levels in the rural regions of some 
developing countries (Ghana, Nigeria and Pakistan) possibly reflect a lower 
total food consumption in the rural boys from the countries concerned, or a 
lower intake of a specific food component such as saturated fats. It is 
interesting that in some European countries (Finland, Ireland, The Netherlands 
and Sweden), the reverse could be observed: lower total and HDL cholesterol 
levels in the urban regions. The differences between urban and rural regions 
possibly result from differences in socio-economic conditions leading to differ­
ences in food consumption. 

It is interesting to note the relatively low HDL cholesterol/total cholesterol 
ratio in the Asian populations studied. The relationship of this finding to the 
risk of CHD in later life is not yet understood. 

In this study higher levels of serum total cholesterol in the various groups 
were generally accompanied by higher HDL cholesterol concentrations (Fig. 1, 
Table 2). The correlation co-efficient between the parameters of the various 
populations (r = 0.90) was much higher than within the populations (r = 0.35). 
The inter-individual population correlation co-efficient (disregarding groups) 
was between these 2 values (r = 0.60). Inter-individual variations and the 
relatively narrow range of values for both HDL and total cholesterol within 
populations may be responsible for these differences in correlation co­
efficients. 

Recently, Robinson et al. [23] reported relatively low HDL cholesterol 
concentrations in Masai people. These low concentrations of HDL cholesterol 
were associated with relatively low concentrations of total cholesterol 
compared with a European control group although the HDL cholesterol/total 
cholesterol ratio was the same in both groups (0.23). In the study reported 
here, similar HDL cholesterol/total cholesterol ratios were found in boys from 
West Africa and from Europe. 

It is tempting to suggest that a more Western type of diet characterized by a 
relatively high fat intake with a large contribution from animal products is 
responsible for the higher serum total and HDL cholesterol concentrations in the 
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developed countries. This is borne out by the correlations between the per 
capita availability of animal products expressed as a percentage of total energy 
and the total and HDL cholesterol concentrations. Specific characteristics of 
the food components such as the polyunsaturated fat/saturated fat ratio (P/S 
ratio) and the cholesterol content may be important in this regard. Dietary 
intervention studies could possibly throw more light on the behavior of total 
and HDL cholesterol in relation to diet than can inter-country studies. One 
such study carried out in 19—23-year-old healthy volunteers showed that a 
limitation of the total fat intake from 35 energy % to 17 energy % over a 
period of 6 weeks resulted in both a decrease in total cholesterol (from 5.2 to 
4.7 mmol/1, P < 0.001) and in HDL cholesterol (from 1.50 to 1.29 mmol/1, P < 
0.001), while in the control group (35 energy % of fat), no significant changes 
were observed [24]. In another study, Shepherd et al. [25] examined the effect 
of two diets equal in total fat, protein, carbohydrate and cholesterol content 
but differing in the P/S ratio of the dietary fat. The polyunsaturated fat diet 
(P/S ratio = 4.0) reduced the plasma total cholesterol by 24% (P < 0.01) and 
the HDL cholesterol by 33% (P < 0.01) compared with the saturated fat diet 
(P/S ratio = 0.25). Brunner et al. [26] studied the effect of a high-caloric, high-
fat diet and that of a low-caloric, low-fat diet in healthy subjects. The high-
caloric, high-fat diet resulted in an increase of both serum total and HDL 
cholesterol compared with the low-caloric, low-fat diet. The HDL cholesterol/ 
total cholesterol ratio displayed only very small changes during this experiment 
that lasted for 12 months. A study of Burslem et al. [27] showed that a diet 
rich in total fat and cholesterol and with a low P/S ratio was associated with 
both higher total and HDL cholesterol concentrations compared with a diet 
low in total fat with a high P/S ratio consumed by vegetarians. 

Thus, it would appear that when the total cholesterol concentration is high 
as a result of the diet consumed, the HDL cholesterol concentration also tends 
to be high. This effect of diet on HDL cholesterol is probably more clear 
between populations than within populations because the differences in diets 
are probably greater between populations than within populations. Other 
possible determinants of the HDL cholesterol concentration e.g. the amount of 
alcohol consumed and physical activity may further obscure the effect of diet 
on HDL cholesterol within populations. 

HDL is possibly involved in the transport of cholesterol out of the walls of 
the arteries [28]. This suggests that HDL may counterbalance the effect of a 
diet enhancing the risk from coronary heart disease. Therefore it may well be 
that, within a population, those people with a higher HDL cholesterol concen­
tration are more able to cope with the effects of a risk-enhancing diet. 
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SERUM TOTAL AND HIGH DENSITY LIPOPROTEIN CHOLESTEROL 
CONCENTRATIONS AND BODY MASS INDEX IN ADULT MEN FROM 13 
COUNTRIES 

JAN T. KNUIMAN, CLIVE E. WEST AND JAN BUREMA 

Knuiman, J. T. (Dept. of Human Nutrition, Agricultural U., The Netherlands), 
C. E. West and J. Burema. Serum total and high density lipoprotein cholesterol 
concentrations and body mass index in adult men from 13 countries. Am J 
Epidemiol 1982;116:631-42. 

In 1980, serum total and high density lipoprotein (HDL) cholesterol concen­
trations and body mass index (weight/height2) were measured in groups of 
adult men from 13 countries. A standardized protocol was used for the draw­
ing of blood and the preparation, storage, and transport of serum. Total and 
HDL cholesterol concentrations were determined in one laboratory to reduce 
methodological variability as much as possible. Mean serum total cholesterol 
concentrations were low in the groups from Africa (3.0-4.3 mmol/liter; 1 
mmol/liter = 38.7 mg/100 ml), intermediate in the groups from Pakistan, the 
Philippines, Surinam, Hungary, Poland, and the Mediterranean countries 
(4.4-5.5 mmol/liter), and high in those from the Netherlands and Finland (5.6-
6.4 mmol/liter). Mean serum HDL cholesterol concentrations tended to be low­
er in the men from Africa, Asia, and Surinam (0.7-1.3 mmol/liter) than in those 
from Europe (1.1-1.5 mmol/liter), the highest values for both total and HDL 
cholesterol being found in the men from eastern Finland. The ratio of HDL 
cholesterol/total cholesterol varied from 0.15 to 0.32 and was on average 
slightly higher in the groups from Africa (0.26-0.32) than it was in the groups 
from Europe (0.20-0.28) and from Asia and Surinam (0.15-0.22). The body 
mass index was positively related to the concentration of total cholesterol 
and negatively related to the concentration of HDL cholesterol and the HDL 
cholesterol/total cholesterol ratio. The relationships between the concentra­
tion of HDL cholesterol and mortality from coronary heart disease within and 
between populations are discussed. 

body weight; cholesterol; lipoproteins, HDL 

It has been found that the concentra- tween the concentration of HDL choles-
tion of high density lipoprotein (HDL) terol and the risk of coronary heart dis-
cholesterol and the ratio of HDL choles- ease has not been found in comparisons 
terol to total cholesterol are negatively re- between countries. For instance, Keys (7) 
lated to the risk of coronary heart disease did not find important differences be-
within a number of populations (1-6). tween HDL cholesterol in southern Japan 
However, this inverse association be- where coronary heart disease was rela-
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tively rare and in Finland where coronary 
heart disease was quite common. Other 
authors have reported extremely different 
HDL cholesterol concentrations for popu­
lations relatively free of coronary heart 
disease. A high value (2.1 mmol/liter; 1 
mmol/liter = 38.7 mg/100 ml) has been 
found for Nigerians on "their typical 
Nigerian" diet (8) and a very low value 
(0.7 mmol/liter) has been reported for 
Tarahumara Indians (9) on diets low in 
saturated fat (2 per cent of calories) and 
cholesterol (71 mg/day). It is possible t ha t 
these extreme findings are partly the re­
sult of differences in the methods used in 
e s t imat ing t he concentra t ions of HDL 
cholesterol (10-12) . 

Recently, we have carried out several 
s tudies ( 1 3 - 15 ) to obtain comparable 
data on the concentrations of total and 
HDL cholesterol for samples from coun­
t r ies wi th different r a t es of mor ta l i ty 
from coronary h e a r t d isease by us ing 
standardized protocols for the collection of 
samples and by carrying out the analyses 
in a single laboratory using standardized 
methods and employing rigid external 
and internal quality control of the mea­
surements. 

Our first study (14) in boys aged seven 
and eight years in both urban and rural 
regions from 16 countries demonstrated 
clearly that marked differences exist in 
t he serum concentra t ions of to tal and 
HDL cholesterol between groups of boys 
from different countries. The highest con­
centrations for both total and HDL cho­
lesterol were found in the serum of Finn­
ish boys and the lowest concentrations 
in the serum of boys from Africa (Ghana, 
Ivory Coast, and Nigeria) and from Pakis­
tan . Surprisingly, the mean concentra­
tions of HDL cholesterol appeared to in­
crease linearly with tha t of total choles­
terol (r = 0.90, n = 26 regions). Even for 
the 15 European regions (from Austria, 
Denmark, Finland, Greece, Hungary, Ire­
land, the Netherlands, Poland, Portugal, 
and Sweden), the correlation coefficient 
was almost identical (r = 0.89). Since the 

mean concentration of total cholesterol is 
highly correlated with the mortality rate 
of coronary heart disease between popula­
tions (16), this would indicate that the 
mean concentration of HDL cholesterol 
would also be positively related to the 
mortality of coronary heart disease be­
tween populations provided t h a t our find­
ings in boys can be extrapolated to adults. 

To examine whether our f indings in 
boys can a c tua l ly be extrapolated to 
adults, we have carried out a study in 
groups of adult men from 13 countries 
wi th different r a t es of mor ta l i ty from 
coronary h ea r t disease. Therefore, the 
purpose of this study was to examine the 
r e l a t i on sh ip be tween mean to ta l and 
HDL cholesterol concentrations over a 
wide r ange of mean t o t a l cholesterol 
levels. Our findings are compared with 
those in boys from 16 countries (13, 14). 
Furthermore, it is discussed why the mean 
concentration of HDL cholesterol is not 
negatively related to mortality from coro­
nary hear t disease between populations, 
while there is a negat ive re la t ionship 
between the concentration of HDL cho­
lesterol and mortality from coronary heart 
disease within populations. Since differ­
ences in body mass index between popu­
lat ions play an impor tan t role in th i s 
r egard , as will be a rgued unde r Dis­
cussion, he igh t and weight were also 
measured. 

METHODS 

Population samples 

In 1980, samples were collected from 13 
countries in various regions of the world 
on the basis of having different patterns of 
diet (17) and different rates of mortality 
from coronary hear t disease (1974/1975 
da ta for men aged 5 5 - 6 4 years from Eu­
rope and the Philippines were kindly pro­
vided by Dr. T. Strasser, Cardiovascular 
Disease Unit, World Health Organization, 
Geneva). In each country, cooperation 
was sought from a well known scientist or 
insti tute to collect samples from 40 men 
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aged 3 3 - 3 8 years and also from 40 men 
aged 4 3 - 4 8 years. Since we were particu­
larly interested in the relat ionship be­
tween mean~total and HDL cholesterol 
concentrations over a wide range of val­
ues for total cholesterol concentrations 
ra ther t han in representative data for the 
part icipating countries, we preferred to 
draw relatively small samples in a rela­
tively large number of countries, ra ther 
t han draw bigger samples from a smaller 
number of countries. Since we wanted 
to obtain results from men to compare 
w i th those from boys (13), we would 
have liked, in principle, to collect da ta 
from adul t men of all ages . However, 
because our resources were limited and 
because the relationship between mean 
total and HDL cholesterol was probably 
considered to be age-dependent, we de­
cided to examine two narrow age cate­
gories in this study. 

Str ict r andom samples were not re­
quired from the cooperating investiga­
tors , since th is was considered unnec­
essary in achieving the objectives of the 
study. However, care was taken to ensure 
tha t we would obtain samples with low 
mean concentrations of total cholesterol 
from the developing countries. Therefore, 
the elite groups in the developing coun­
tries were excluded from the study. The 
diets of these groups and their concentra­
tions of total cholesterol tend to be entirely 
different from the nonelite groups (18, 
19). The men selected were general ly 
laborers and were recruited from several 
locations in each country, such as fac­
tories, farms, workshops, t ransport and 
ra i lway companies (see table 1). Only 
men found to be apparently healthy as 
determined by visual inspection were en­
rolled in the study. 

Anthropometry, blood sampling, 
shipment and storage of samples, and 

estimation of total and HDL cholesterol 

Height and weight were measured as 
described previously (13) and blood was 
drawn (20) in a nonfasting condition for 

the 'es t imat ion of total and HDL choles­
te ro l in whole s e r um (13). P r ev ious 
studies (21, 22) have shown tha t there are 
no definable differences in the concentra­
tions of total and HDL cholesterol with 
t ime of day and t ime since last meal. A 
nonfasting condition was preferred to a 
fasting condition for logistic reasons.. The 
serum was stored a t - 2 0 C until ship­
ment to the Nether lands in the frozen 
state by air express which was carried out 
within four weeks after blood sampling. 
After arrival, the samples were stored a t 
—80 C until analysis which was carried 
out within three months. To ensure uni­
formity in the method of blood sampling 
and t ranspor t , all necessary ma te r i a l s 
were supplied from the l abora tory in 
Wageningen. 

The concentration of total cholesterol in 
serum was measured as described previ­
ously (13). Reproducibility for blind con­
trol sera provided by the Centers for Dis­
ease Control, Atlanta, GA, was 0.9 per 
cent and accuracy was 1.4 per cent of the 
t rue (target) values. The concentration of 
HDL cholesterol was measured after pre­
cipitation of the low and very low density 
lipoproteins by heparin-MnCl2 (23, 24). 
Reproducibility for blind control sera ob­
tained in the Centers for Disease Control 
Survey of HDL cholesterol measurements 
(12) was 2.2 per cent and bias with regard 
to the overall survey mean was on aver­
age 0.1 per cent. 

From the measurement of height and 
weight, the body mass index expressed as 
weight/height2 (kg/m2) was calculated. It 
has been shown in previous studies (25, 
26) t ha t the ratio of weight/height2 is a 
satisfactory indicator of relative obesity 
as judged by criteria of correlation with 
height (lowest correlation is best) and 
measures of body fatness (highest correla­
tion is best), even for nonwestern popula­
tions. 

Statistical methods 

The relationships of the concentrations 
of total and HDL cholesterol and the ratio 
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of HDL cholesterol/total cholesterol with 
body mass index were examined by linear 
regression equations using the Statistical 
Package for the Social Sciences (27). The 
regression coefficients for the groups from 
the different countries were estimated 
from a multiple regression analysis on the 
pooled data and by using a model allow­
ing for age- and country-specific slopes 
and intercepts. Body mass index, age cat­
egory (dummy), a set of country-specific 
dummies, and a set of interaction terms 
(country-specific dummies times body 
mass index) were introduced consecu­
tively into the regression model. The in­
troduction of new variables or set of vari­
ables to the model was omitted when this 
did not result in a significant improve­
ment of the accuracy of estimation of the 
dependent variable. 

RESULTS 

The mean values for the anthropomet­
ric data and serum concentrations of total 
and HDL cholesterol are presented in 
table 2 and figures 1 and 2. The mean 
values for body mass index were low in 
the men from Africa (Ghana, Ivory Coast, 
and Nigeria), the Philippines, and Suri­
nam (20.8-23.5 kg/m2) compared with 
those in the European men and the men 
from Pakistan (24.5-27.5 kg/m2). Low 
mean concentrations of total cholesterol 
were found in the men from Africa (3.0 — 
4.3 mmol/liter), the lowest being observed 
in the Nigerian men. Intermediate values 
were found in the men from Surinam, 
Pakistan, the Philippines, Hungary, Po­
land, Portugal, Spain, and Italy (4.4-5.5 
mmol/liter) and high values were found in 
the men from eastern and western Finland 
and the Netherlands (5.6-6.4 mmol/liter), 
the highest being found in the men from 
eastern Finland. HDL cholesterol concen­
trations were on average lower in the 
men from Africa, Asia, and Surinam (0.7-
1.3 mmol/liter) than in the European men 
(1.1-1.5 mmol/liter), the highest concen­
trations being found in the men from 

eastern Finland. The mean concentration 
of HDL cholesterol was positively corre­
lated with that of total cholesterol (r = 
0.64 for the men aged 33-38 years and 
r = 0.57 for the men aged 43-48 years). 
The ratio of HDL cholesterol/total cho­
lesterol was higher in the African men 
(0.26-0.32) than in the men from Asia 
and Surinam (0.15-0.22) and the men 
from Europe (0.20-0.28). 

The regression coefficients for the re­
lationships of the concentrations of total 
and HDL cholesterol and the ratio of HDL 
cholesterol/total cholesterol with body 
mass index are summarized in table 3. 
For total cholesterol, there was a positive 
relationship with body mass index after 
adjustment had been made for country-
specific levels of total cholesterol. Intro­
duction of age- and country-specific slopes 
into the regression model did not signifi­
cantly improve the accuracy of estimation 
of total cholesterol concentration. For 
HDL cholesterol, there was a negative re­
lationship with body mass index after al­
lowance had been made for country-
specific levels of HDL cholesterol. How­
ever, the regression coefficient for the 
Ghanaian men was significantly different 
from all other slopes. The ratio of HDL 
cholesterol/total cholesterol was also 
negatively related to body mass index. Al­
lowing for country-specific regression 
coefficients did not significantly improve 
the accuracy of estimation of the HDL 
cholesterol/total cholesterol ratio. 

Allowing for age in the regression mod­
els did not result in a significant im­
provement in the accuracy of estimation 
in any of the relationships examined. 

DISCUSSION 

This study clearly shows that there are 
considerable differences in the mean con­
centrations in serum of total and HDL 
cholesterol between groups of adult men 
from different countries. The differences 
observed are real because extensive 
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internal and external quality control of 
the measurements was employed. 

Although the aim of the study was not 
to collect data representative of the dif­
ferent countries, it appears that our find­
ings are basically similar to those re­
ported previously. For instance, total cho­
lesterol concentrations of 6.4-7.0 mmol/ 
liter have been reported from eastern Fin­
land (28). Values reported from the west­
ern part of Finland have always been 
lower than those from the eastern part 
(29, 30), and this was also the case in this 
study. Earlier work from this laboratory 
showed that the concentrations of serum 
total cholesterol in adult men in the 
Netherlands was 5.4-6.1 mmol/liter (31) 
and concentrations of 5.0—5.3 mmol/liter 
have been reported for Italian men (30). 
For healthy men from Africa (Ethiopia 
and Nigeria), values between 2.7 and 5.2 
mmol/liter have been reported (8, 18, 32), 
and for Asian men from the Punjab in 
India and from Thailand, values between 
4.0 and 5.2 mmol/liter (19, 33) have been 
reported. 

For HDL cholesterol, concentrations of 
1.2-1.5 mmol/liter have been found in 
both black and white Americans (34, 35), 
while concentrations of 1.0-1.1 mmol/ 
liter have been reported for Finns, Lapps, 
and Norsemen from Scandinavia (36). 
Lewis et al. (37) found little or no differ­
ences in the mean HDL cholesterol con­
centrations (1.35-1.42 mmol/liter) in 
adult men from London, Naples, Uppsala, 
and Geneva. In adult men from the 
Netherlands, values of 1.2-1.3 mmol/ 
liter have been measured (31). Therefore, 
the HDL cholesterol concentrations found 
by us correspond reasonably well with 
previously reported findings for the more 
"westernized" populations. However, 
HDL cholesterol concentrations for non-
elite groups from Asia, Africa, and 
Surinam measured by us (0.7-1.3 mmol/ 
liter) are more in line with the findings of 
Connor et al. (9) for Tarahumara Indians 
(0.7 mmol/liter) and those of Robinson 


