
Physical	activity	and	Physical	fitness	in	Prediction	of	all-cause
Mortality	and	Age	at	Death	in	European	Extinct	Cohorts	of	middle-
aged	men	followed	for	60	Years
European	Journal	of	Preventive	Cardiology
Menotti,	Alessandro;	Puddu,	Paolo	Emilio;	Geleijnse,	Johanna	M.;	Kafatos,	Anthony;
Tolonen,	Hanna
https://doi.org/10.1093/eurjpc/zwae064

This	publication	is	made	publicly	available	in	the	institutional	repository	of	Wageningen	University
and	Research,	under	the	terms	of	article	25fa	of	the	Dutch	Copyright	Act,	also	known	as	the
Amendment	Taverne.

Article	25fa	states	that	the	author	of	a	short	scientific	work	funded	either	wholly	or	partially	by
Dutch	public	funds	is	entitled	to	make	that	work	publicly	available	for	no	consideration	following	a
reasonable	period	of	time	after	the	work	was	first	published,	provided	that	clear	reference	is	made	to
the	source	of	the	first	publication	of	the	work.

This	publication	is	distributed	using	the	principles	as	determined	in	the	Association	of	Universities	in
the	Netherlands	(VSNU)	'Article	25fa	implementation'	project.	According	to	these	principles	research
outputs	of	researchers	employed	by	Dutch	Universities	that	comply	with	the	legal	requirements	of
Article	25fa	of	the	Dutch	Copyright	Act	are	distributed	online	and	free	of	cost	or	other	barriers	in
institutional	repositories.	Research	outputs	are	distributed	six	months	after	their	first	online
publication	in	the	original	published	version	and	with	proper	attribution	to	the	source	of	the	original
publication.

You	are	permitted	to	download	and	use	the	publication	for	personal	purposes.	All	rights	remain	with
the	author(s)	and	/	or	copyright	owner(s)	of	this	work.	Any	use	of	the	publication	or	parts	of	it	other
than	authorised	under	article	25fa	of	the	Dutch	Copyright	act	is	prohibited.	Wageningen	University	&
Research	and	the	author(s)	of	this	publication	shall	not	be	held	responsible	or	liable	for	any	damages
resulting	from	your	(re)use	of	this	publication.

For	questions	regarding	the	public	availability	of	this	publication	please	contact
openaccess.library@wur.nl

https://doi.org/10.1093/eurjpc/zwae064
mailto:openaccess.library@wur.nl


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Physical activity and physical fitness 
in prediction of all-cause mortality and age 
at death in European extinct cohorts  
of middle-aged men followed for 60 years 
Alessandro Menotti1, Paolo Emilio Puddu  1,2*, Johanna M. Geleijnse3, 
Anthony Kafatos4, and Hanna Tolonen  5 

1Association for Cardiac Research, Via Voghera 31, 00182 Rome, Italy; 2EA 4650, Signalisation, électrophysiologie et imagerie des lésions d’ischémie reperfusion myocardique, Universit de 
Normandie, Esplanade de la Paix, 14000 Caen, France; 3Division of Human Nutrition and Health, Wageningen University, Wageningen, The Netherlands; 4Department of Social Medicine, 
Preventive Medicine and Nutrition Clinic, University of Crete, Heraklion, Crete, Greece; and 5Department of Public Health and Welfare, Finnish Institute for Health and Welfare, Helsinki, 
Finland 

Received 28 October 2023; revised 25 January 2024; accepted 13 February 2024; online publish-ahead-of-print 15 February 2024 

Aims A study of the power of physical activity (Phyac) and physical fitness (Fitscore) in predicting very long-term all-cause mor-
tality and age at death (AD) is missing.  

Methods 
and results 

A total of 5482 middle-aged men were examined with measurement of several risk factors and followed for 60 years until the 
virtual extinction of cohorts. Phyac in three classes was estimated from their type of work while Fitscore was derived from the 
linear combinations of levels of arm circumference, heart rate, and vital capacity computed as a factor score by principal com-
ponents analysis. The predictive power of these characteristics (adjusted for five traditional cardiovascular risk factors) was made 
by Cox models (for all-cause mortality) and multiple linear regression models (for AD). Single levels of the three indicators of 
fitness were highly related to the three levels of Phyac and of Fitscore. High levels of both Phyac and of Fitscore forced into the 
same models were associated with lower all-cause mortality and higher AD. The predictive power of Fitscore was systematically 
better than that of Phyac. Hazard ratios (high vs. low) for all-cause mortality were 0.85 (Phyac) and 0.70 (Fitscore). The coeffi-
cients (all significant) were 2.25 years (Phyac) and 3.79 of AD by Fitscore. Fitscore was independently and significantly predictive 
of all-cause mortality for both the first and second 30-year follow-up periods.  

Conclusion Phyac and Fitscore are related, and both showed important predictive power for all-cause mortality and AD. The role of 
Fitscore was more powerful, and both characteristics seem to be expressions of health status. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Lay summary   • Objectively measured physical fitness derived from linearly combined arm circumference, heart rate, and vital capacity 
(Fitscore) may represent an improvement over classes of physical activity (Phyac) estimated from the type of work per-
formed. What was comparatively assessed among 5482 middle-aged men examined with measurement of several risk 
factors and followed for 60 years until the virtual extinction of cohorts.  

• Arm circumference, heart rate, and vital capacity were highly related to the three levels of Phyac and of Fitscore. High 
levels of both Phyac and of Fitscore were associated with lower all-cause mortality and higher age at death (AD). The 
predictive power of Fitscore was systematically better than that of Phyac, and comparing high vs. low Phyac and 
Fitscore, there was a statistically significant difference in all-cause mortality risk and AD, respectively, 0.85 of hazard 
and 2.25 years (for Phyac) and 0.70 of hazard and 3.79 years (for Fitscore).  

• Physical fitness is reportedly defined as the ability to carry out daily tasks with vigour and alertness, without undue fatigue and with 
ample energy to enjoy leisure-time pursuits and to meet unforeseen emergencies, and might thus help to better assess the long- 
term risk of all-cause mortality and higher AD when Fitscore based on arm circumference, heart rate, and vital capacity are in the  
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upper tertile. This is an improvement over Phyac that is reportedly defined as any bodily movement produced by skeletal muscles 
that results in energy expenditure. This study shows that Fitscore should be applied in day-to-day clinical/preventive cardiology 
practice.  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Keywords Physical activity • Physical fitness • Mortality from all-causes • Age at death • Extinct cohorts  

Introduction 
Old1 and recent2 reviews provide evidence of the beneficial role of 
physical activity on health. These findings were confirmed in long-term 
observations of the Seven Countries Study, mainly in relation to all- 
cause mortality and age at death (AD), the latter being a useful metric 
when study populations are extinct or nearly so.3–5 However, the clas-
sification was based only on the apparent engagement at work but des-
pite its rough characteristics, it performed in a rather good way. 

Frequently, the term and concept of physical activity are confused 
with that of physical fitness and others. We follow a classical definition 
of physical activity as ‘any bodily movement produced by skeletal mus-
cles that results in energy expenditure’1 while physical fitness is ‘the abil-
ity to carry out daily tasks with vigour and alertness, without undue 
fatigue and with ample energy to enjoy leisure-time pursuits and to 
meet unforeseen emergencies’.1 Physical fitness is partly inherited but 
is influenced by habitual physical activity. A number of contributions 
tended to study the relationship of physical activity and physical fitness 
considered together with cardiovascular health and disease and all- 
cause mortality.6–16 References quoted here actually involve also 
some other indirect contributions still related to this basic issue. 

The purpose of this analysis is to explore the possible relationship of 
physical activity classification by occupation with physical fitness and 
their independent and joint role in prediction of all-cause mortality 
and of AD among unique European cohorts of middle-aged men fol-
lowed for 60 years until extinction. 

Methods 
Population and measurements 
The Seven Countries Study cohorts were those of East Finland, West Finland, 
Zutphen in the Netherlands, Crevalcore and Montegiorgio in Italy, and Crete 
and Corfu Islands in Greece, for a total of 5482 men, representing virtually the 
selected population of men aged 40–59 years at entry. All cohorts were lo-
cated in rural communities and engaged in comparable farming or forest occu-
pations, except Zutphen, a small commercial town in the Netherlands. The 
overall participation rate at entry examination was around 95% of all men be-
tween those ages. Details of these cohorts can be found elsewhere.17,18 

The variables used for analysis were: (i) working physical activity classifi-
cation (Phyac) derived from the occupation or type of work determined by 
a few non-standardized questions and classified as low, intermediate, and 
high (corresponding to sedentary, moderate, and vigorous); leisure-time 
physical activity was not considered since it was practically absent among 
men of rural communities in the early 1960s; and (ii) indicators of physical 
fitness were: (a) arm circumference (in mm) following the technique re-
ported in the world health organisation (WHO) cardiovascular survey 
methods (CSM)19 with the crude measurement adjusted for the contribu-
tion of subcutaneous tissue using a formula that included the triceps skinfold 
thickness20 representing muscle mass; (b) heart rate (in beats/min) derived 
from a standard resting electrocardiogram (ECG), an indicator of cardio- 
circulatory fitness; and (c) vital capacity (in L/m2) following the technique 
reported in the WHO-CSM19 using the best value of two attempts, a re-
spiratory indicator of fitness. In Zutphen, the Netherlands, the vital capacity 
was taken a few years after the entry examination and estimates computed 
by regressing the measurements on age to reach the levels of the entry date. 

Fitness score (Fitscore) was derived from the combination of arm circum-
ference, heart rate, and vital capacity (arbitrary units) computed as described 

below in Statistical analysis. The authors are aware that the term is probably 
not appropriate since the variable derives from functional parameters likely re-
lated to fitness score but not measuring its real properties. However, it was 
adopted to identify these characteristics as used in this analysis. 

Other variables used as possible confounders in the multivariate predict-
ive analysis were: (i) age in years, to the nearest birthday; (ii) average number 
of cigarettes smoked per day (n/day) (preliminary analyses showed that 
ex-smokers could be reasonably classified as non-smokers); (iii) body 
mass index (kg/m2) following the measurement technique reported in the 
WHO-CSM19; (iv) systolic blood pressure (mmHg) measured in supine pos-
ition at the end of a physical examination, using a mercury sphygmomanom-
eter, following the technique reported in the WHO-CSM19 with the average 
of two measurements taken 1 min apart; and (v) serum cholesterol (mg/dL) 
measured in casual blood samples following the technique by Anderson and 
Keys.21 About 4 per 1000 of the above measurements were missing and were 
imputed by multivariate normal procedure. 

Endpoints for testing the predictive power of Phyac and Fitscore were 
(1) all-cause mortality and (2) AD in those who died after 60 years of 
follow-up, corresponding to virtual extinction of the population samples. 
After 60 years, out of 5482 men examined at entry, 5471 had died, 3 
were still alive, and 8 were lost to follow-up and censored at defined times. 

Statistical analysis 
Phyac was used as defined and classified into three classes (low, intermedi-
ate, high). Fitscore is a score of fitness derived from the three indexes of 
fitness (arm circumference, heart rate, vital capacity) fed in a principal com-
ponent analysis and expressed individually by the consequent factor score. 
Factor score coefficients were 0.6433 for arm circumference, −0.1404 for 
heart rate, and 0.6812 for vital capacity. Fitscore was presented both as con-
tinuous and discrete variables (that is divided into three tertiles). 

Mean baseline levels of Phyac and Fitscore were computed in the various 
countries together with those of arm circumference, heart rate and vital cap-
acity and of risk factors used as confounding variables in the multivariate models 
and then compared in the three classes of Phyac and tertile classes of Fitscore. 

Tests of predictive power were made as follows: (1) Kaplan–Meier survival vs. 
all-cause mortality separately in Phyac 3 original classes; and in three tertiles of 
Fitscore distribution; (2) cumulative incidence for all-cause mortality separately 
in Phyac 3 original classes; and in three tertiles of Fitscore distribution; (3) 
mean levels of AD distributed in the three original classes of Phyac and in three 
tertile classes of Fitscore reported in histograms; and (4) Cox proportional ha-
zards models for all-cause mortality were run with the three levels of Phyac (using 
low level as the reference class) and Fitscore (expressed as a single continuous 
variable). A similar model was run with Fitscore expressed in tertile classes to fa-
cilitate comparison with the three classes of Phyac; (5) Cox proportional hazards 
models for all-cause mortality were replicated for two time blocks of 30 years (i.e. 
0–30 and 31–60 years) to describe the time relation of Phyac and Fitscore at dif-
ferent time horizons as a function of baseline measurements; (6) multiple linear 
regression models with AD as the endpoint were run with the three levels of 
Phyac and continuous measures of Fitscore. A similar model was run with 
Fitscore expressed in tertiles to facilitate comparison with the three classes of 
Phyac; and (7) comparison of mean levels (by t-test) of the three baseline fitness 
indexes (arm circumference, heart rate, and vital capacity) for those who died 
during the first 30 years vs. those who died in the second 30 years of follow-up. 

In all tests of predictive power (Tables 3, 4, and 5), the confounding vari-
ables (age, cigarette smoking, body mass index, systolic blood pressure, and 
serum cholesterol) were forced in the models together with the dummy 
variables for countries (Finland as reference). In all the above analyses 
data from cohorts belonging to the same country were combined since 
their characteristics were similar. Replicas of Tables A1, A2, and A3 with 
the exclusion of confounding risk factors are given in the Appendix.  
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The packages used were NCSS 12 for basic statistical analysis, Excel 
Professional Plus 2021 for graphs, and Medcalc 22-016 or R for histograms. 

Results 
Baseline variables and death rates 
Baseline mean levels of the variables used in the analysis are given as ref-
erence in Table 1. They reflect the sizable difference across countries 
mainly for serum cholesterol as reported elsewhere.17,18 The propor-
tion of all deaths was similar across countries in extinct population 
samples while large differences were seen for AD as documented else-
where.4,5 Phyac showed an excess of vigorous physical activity due to 
the rural occupations in six cohorts out of seven. 

Phyac and Fitscore vs. indicators of fitness 
Table 2 shows increasing levels of arm circumference and vital capacity 
across the three classes of Phyac while the reverse was the case for 

heart rate. The mean levels of Fitscore were significantly different in 
the three classes of Phyac. The same picture is seen in the relationship 
of the three fitness indexes in the tertile classes of Fitscore. The arm 
circumference gradient across Phyac classes is neither very large nor 
monotonic. The associations of the Fitscore components with the 
overall score are useful for understanding but of course much larger 
just because they are components. Moreover, it is interesting that 
heart rate is somewhat more closely related to Phyac than to Fitscore 
and its components. In all cases, analysis of variance (ANOVA) was highly 
significant for heterogeneity. 

Mean levels of age at death in classes of 
Phyac and Fitscore 
Figure 1 shows that the discrimination across the three classes of 
Fitscore (tertiles) is similar in Phyac classes, confirmed by the P values 
of ANOVA (both < 0.0001). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline risk factors expressed as mean and (standard deviation) for continuous variables or proportion (%) 
and (standard error) for discrete variables  

Finland The Netherlands Italy Greece Total P of ANOVA or χ2 

n 1677 878 1712 1215 5482   

Occupational physical activity                 

Low Phyac, %  10.2 (0.7)  24.1 (1.4)  9.7 (0.7)  17.7 (1.1)  13.9 (0.5)  <0.0001  
Intermediate Phyac, %  15.7 (0.9)  64.6 (1.6)  22.1 (1.0)  33.7 (1.4)  29.5 (0.6)  <0.0001  

High Phyac, %  74.1 (1.1)  11.3 (1.1)  68.2 (1.1)  48.6 (1.4)  56.6 (0.7)  <0.0001 

Fitness indicators                 
Arm circumference, mm  255.0 (19.8)  266.5 (20.3)  268.6 (23.6)  260.9 (22.6)  262.4 (22.5)  <0.0001  

Heart rate, beats/min  67.7 (13.0)  72.6 (12.6)  71.3 (12.9)  64.6 (12.6)  68.9 (13.1)  <0.0001  

Vital capacity, L/m2  1.60 (0.24)  1.47 (0.13)  1.64 (0.24)  1.36 (0.20)  1.54 (0.24)  <0.0001 
Confounding factors                 

Age, years  49.4 (5.5)  49.9 (5.5)  49.1 (5.1)  49.3 (5.6)  49.3 (5.4)  0.2706  

Body mass index, kg/m2  23.7 (3.2)  24.0 (2.7)  25.2 (3.7)  23.1 (3.2)  24.1 (3.4)  <0.0001  
Systolic blood pressure, mmHg  143.9 (20.7)  144.4 (19.8)  143.6 (21.0)  136.2 (20.5)  142.2 (20.8)  <0.0001  

Cigarettes, n/day  10.7 (10.2)  9.8 (8.4)  8.7 (9.5)  11.3 (11.5)  10.1 (10.1)  <0.0001  

Serum cholesterol, mg/dL  261.0 (52.0)  235.5 (44.4)  201.7 (40.8)  205.4 (42.8)  226.2 (52.2)  <0.0001 
60-Year all-cause death rate, %  99.9 (0.1)  99.8 (0.2)  99.8 (0.1)  99.8 (0.1)  99.7 (0.06)  0.9702 

60-Year age at death, years  72.3 (11.3)  74.3 (10.7)  74.5 (11.4)  78.1 (10.6)  74.6 (11.3)  <0.0001 

Last lines give 60-year all-cause death rates and age at death.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Mean values of indicators of fitness in three classes of Phyac and of Fitscore 

Variable Phyac class 1 Phyac class 2 Phyac class 3 ANOVA  
N 764 N 1617 N 3100   

Arm circumference, mm  256.5 (24.6)  263.9 (22.6)  263.1 (21.6)  P < 0.0001 

Heart rate, beats/min  73.7 (14.4)  70.7 (13.2)  66.8 (12.3)  P < 0.0001 

Vital capacity, L/m2  1.44 (0.24)  1.49 (0.22)  1.59 (0.24)  P < 0.0001 
Fitscore, arbitrary units  −0.50 (1.05)  −0.12 (0.92)  0.18 (0.97  P < 0.0001    

Fitscore 1 Fitscore 2 Fitscore 3 ANOVA  

Arm circumference, mm  244.8 (17.8)  262.8 (15.5)  279.6 (18.8)  P < 0.0001 

Heart rate, beats/min  71.2 (14.2)  68.6 (12.9)  67.0 (11.8)  P < 0.0001 

Vital capacity, L/m2  1.34 (0.19)  1.53 (0.16)  1.73 (0.20)  P < 0.0001 

Phyac: class 1 = low; class 2 = intermediate; class 3 = high; three tertile classes of Fitscore: class 1 = low; class 2 = intermediate; class 3 = high.   
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Prediction of 60-year mortality and age at 
death by Phyac and Fitscore 
Figure 2 shows Kaplan–Meier survival curves for three classes of Phyac, 
with clear separations of curves of low vs. intermediate plus high levels 
of Phyac, the last two largely overlapping and still associated with a 
strongly significant P value of log rank χ2. In contrast, the curves for 
the three classes of Fitscore, instead, showed a clear separation across 
the three classes again with a strong significant level for P of log rank χ2. 
Also, curves for cumulative incidence (Figure 3) suggested a better sep-
aration across the classes of Fitscore than those of Phyac. 

In Table 3, the Cox model with all-cause mortality as an endpoint sug-
gested a significant ‘protective’ role for both high and intermediate levels 
of Phyac and of Fitscore (continuous). Hazard ratios for Fitscore were 
more favourable (‘protective’) than those for Phyac. A clearer picture of 
the situation is given by the Cox model run with Fitscore in three classes 
that allowed a better comparison with the three classes of Phyac. In all cases, 
hazard ratios from Fitscore were more ‘favourable’ than those from Phyac. 
In fact, the t-test of coefficients (Phyac 2 vs. Fitscore 2 and Phyac 3 vs. Fitscore 
3) showed higher and significant differences in both comparisons. 

Table 4 reports the Cox models for total mortality, dealing with two 
subsequent follow-up periods of 30 years, showing that entry levels of 
Fitscore were significantly predictive for both periods, which was not 
the case for Phyac. 

In Table 5, similar findings were seen for the multiple linear regression 
(MLR) models predicting AD, where Phyac showed an increase of AD 
of 1.6 and 1.7 years for intermediate and high levels vs. low levels. The 
coefficient for 1 (arbitrary) unit of Fitscore was >2. All the coefficients 
were statistically significant. The model with Fitscore in tertile classes 
further increased the role of Fitscore with the direct comparison of 
the three classes of Phyac that also increased the magnitude of coeffi-
cients. In general, the performance of Fitscore was better than that of 
Phyac. The t-test of coefficients (Phyac 2 vs. Fitscore 2 and Phyac 3 vs. 
Fitscore 3) showed a higher and significant difference only comparing 
the coefficients of Phyac 3 vs. Fitscore 3. 

The simple Table 6 reports mean levels of the three indexes of fitness for 
those who died during the first 30 years of follow-up vs. those who died 
during the second 30 years. For arm circumference and vital capacity, low-
er levels were seen in men who died early while the opposite was seen for 
heart rate. All comparisons were significant with P values of <0.0001. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Multivariate models predicting all-cause 
mortality (Cox) as a function of Phyac (three classes) and 
Fitscore (continuous or discrete) adjusted for age, 
cigarette smoking, body mass index, systolic blood 
pressure, serum cholesterol, and country  

Coefficient P value Hazard 
ratio 

95% CI  

Cox model predicting all-cause mortality with Fitscore as continuous variable  

Phyac 1 Reference — — —  
Phyac 2 −01 330  0.0028  0.88  0.80 0.96  

Phyac 3 −0.1347  0.0025  0.87  0.80 0.95  

Fitscore 
continuous 

−0.1920  0.0001  0.83  0.80 0.95 

Cox model predicting all-cause mortality with Fitscore as discrete variable  

Phyac 1 Reference — — —  
Phyac 2 −0.1394  0.0017  0.87  0.78 0.93  

Phyac 3 −0.1637  0.0025  0.85  0.78 0.93  

Fitscore 1 References — — —  
Fitscore 2 −0.2655  0.0001  0.77  0.72 0.82  

Fitscore 3 −0.3631  0.0001  0.70  0.64 0.75 

Baseline alive = 5482; baseline age = 40–59; dead = 5471. Phyac classes: Phyac 1 = low; 
Phyac 2 = intermediate; Phyac 3 = high. Fitscore classes: Fitscore 1 = low; Fitscore 2 =  
intermediate; Fitscore 3 = high. 
95% CI, confidence intervals.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Multivariate models predicting all-cause 
mortality (Cox) as a function of three classes of Phyac 
(class 1 = low, class 2 = intermediate, class 3 = high) and 
Fitscore (continuous) adjusted for age, cigarette 
smoking, body mass index, systolic blood pressure, 
serum cholesterol, and country in the first 30 and 
independently in the second 30 years of follow-up 

Variable Coefficient P 
value 

Hazard 
ratio 

95% CI  

Cox model predicting all-cause mortality from year 0 to year 30  
Phyac 1 Reference — — —  

Phyac 2  0.1944  0.0004  0.82  0.74 0.92  

Phyac 3  −0.1930  0.0003  0.82  0.74 0.92  
Fitscore 

continuous  

−0.5466  0.0001  0.58  0.49 0.68 

Cox model predicting all-cause mortality from year 31 to year 60  
Phyac 1 Reference — — —  

Phyac 2  −0.0139  0.8545  0.99  0.85 1.14  

Phyac 3  −0.0259  0.7334  0.97  0.84 1.13  
Fitscore 

continuous  

−0.3754  0.0025  0.68  0.54 0.88 

Baseline alive year 0 = 5482; baseline age = 40–59; dead = 3379 in years 0–30. Baseline 
alive year 30 = 2103; baseline year 30 age = 70–89; dead = 2092 in years 31–60. 
95% CI, confidence intervals.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Multiple linear regression models predicting 
age at death in 60 years as a function of three classes of 
Phyac and Fitscore (continuous or discrete), adjusted for 
age, cigarette smoking, body mass index, systolic blood 
pressure, serum cholesterol, and country  

Coefficient P value 95% CI  

Multiple linear regression model predicting age at death with Fitscore as 
continuous variable  

Phyac 1 Reference — —  

Phyac 2  1.6423  0.0005  0.72 2.56  
Phyac 3  1.7537  0.0002  0.85 2.66  

Fitscore continuous  2.0544  0.0001  1.71 2.04 

Multiple linear regression model predicting age at death with Fitscore as 
discrete variable  

Phyac 1 Reference — —  

Phyac 2  1.8918  0.0001  0.97 2.81  
Phyac 3  2.2547  0.0001  1.36 3.15  

Fitscore 1 Reference — —  

Fitscore 2  2.8384  0.0001  2.12 3.56  
Fitscore 3  3.7901  0.0001  2.97 4.61 

Baseline alive = 5482; baseline age = 40–59; dead = 5471. Phyac classes: Phyac 1 = low; 
Phyac 2 = intermediate; Phyac 3 = high. Fitscore classes: Fitscore 1 = low; Fitscore 2 =  
intermediate; Fitscore 3 = high. 
95% CI, confidence intervals.   
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Discussion 
The purpose of this analysis was an attempt to disentangle the role of phys-
ical activity from that of physical fitness in the prediction of all-cause death 
plus that of AD. Physical activity of occupation (Phyac), with its three levels, 
was significantly predictive of all-cause mortality and AD. On the other 
hand, Fitscore was equally or even better predictive than Phyac when fed 
in the same models. These findings suggest that there are some connections 
between Phyac and Fitscore but they are only indirect in the sense that both 
have a similar relationship with the three indexes of fitness. However, there 
were no mathematical connections between them, since Fitscore was cre-
ated in an entirely different and independent way. In any case, they perform 
in different ways when used to predict events since Fitscore outperforms 
Phyac. In this process, we can exclude the presence of multicollinearity 
across the covariates since the tolerance was always very high. 

Present findings confirm that working physical activity classes, although 
defined by a simple and rough procedure, carry a good predictive power 
for fatal events3–5 while the Fitscore adds something extra by being strongly 
predictive (thus ‘protective’) and to a greater extent than Phyac. Therefore, 
it appears logical to consider that, despite some intercorrelations, these vari-
ables represent something different, as suggested by other studies.8,12,14–16 

Figure 1 Mean levels of age at death in three original classes of Phyac 
and three tertile classes of Fitscore. Note the Fitness score tertiles limits: 
tertile 1 from −5.0435 to −0.3909; tertile 2 from −0.3905–0.3945; tertile 
3 from 0.3953–3.8502. P of ANOVA for both variables < 0.0001.  
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Figure 3 Cumulative incidence of all-cause mortality as a function 
of three levels of Phyac and three tertiles of Fitscore.  
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Figure 2 Kaplan–Meier survival in 60 years as a function of three 
classes of Phyac and three tertiles of Fitscore. P of log rank χ2: 
Phyac = 0.0001; Fitscore < 0.0001.   
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Measurements of Phyac and of indexes used to compute Fitscore were 
taken at baseline with the expectation that they could change along the 
way during the long follow-up. Unfortunately, later systematic measure-
ments were not taken after entry for all variables and countries. 
Nevertheless, it appears that characteristics measured at year 0 are predictive 
of events spread along an unusual follow-up of 60 years. In particular, the Cox 
models segregating the first 30 from the second 30 years of follow-up add the 
indication of a long-term association with fatal events at least for Fitscore vs. 
all-cause mortality. It is not clear why the effect of Phyac does not last for a 
long time, but by sure there has been a sharp decline among these men who, 
in the majority, were farmers with heavy work and whose age after 30 years 
reached the range of 70–89 years. The important fact is that the Fitness score 
remained predictive also after the first 30 years of follow-up. 

The MLR models produced the same concepts using a different, but 
valuable endpoint, AD, that is ideal when the follow-up reaches extinc-
tion as in this case. The same effect was seen in the univariate associ-
ation of Phyac and Fitscore classes with AD. 

In a paper of 2001, it was shown that a single question about physical 
activity (somewhat similar to our experience) was not enough sufficient 
to classify in a proper way people with sedentary habits.9 Moreover, 
other investigators made great efforts to test different procedures in 
order to estimate the true time spent in physical activity.10 In some 
studies, physical activity was simply classified as self-reported16 or de-
rived from activity pattern questionnaires12 or from caloric expend-
iture8 or, in a large review, from these and other ways like complex 
questionnaires or estimates of metabolic equivalents.15 

All original studies and a large meta-analysis used exercise testing as 
an indicator of physical fitness when comparing physical activity with 
physical fitness12,14–16 and when only physical fitness was consid-
ered.6,7,13 As a consequence of these choices, a direct comparison of 
those studies and reviews with our findings is simply impossible because 
we could not find reports that used the same variables to define the le-
vels of fitness as we did by combining arm circumference with heart 
rate and vital capacity. Only in one of the reported investigations we 
found indications of the beneficial effect of increasing physical activity 
on the levels of forced expiratory volume.11 Nevertheless, studies 
that have directly tackled the problem have systematically shown that 
physical fitness classification is a better predictor than physical activity 
classification for cardiovascular and all-cause mortality12,14–16 anticipat-
ing some of the findings of this analysis. 

In a recent meta-analysis, it was shown that working physical activity 
is not protective vs. cardiovascular disease and total mortality,22 and 
this seems true also for contributions published before 1989, while a 
protective role is played by leisure physical activity. The findings of 
our study seem to be an exception or simply belong to the minority 
group of that review. 

The important information provided with the present investigation is 
the superiority, in terms of all-cause mortality risk and AD, of Fitscore 
vs. Phyac and this may well incite the clinical application of these find-
ings, related to the fact that arm circumference (with the crude 

measurement adjusted for the contribution of subcutaneous tissue 
using a formula that included the triceps skinfold thickness), heart 
rate, and vital capacity are objective indicators of cardio-circulatory 
and respiratory fitness, which is a significant contribution to the current 
literature.1–3,6–16 We recommend however further comparative studies 
to be carried out in different contexts since also Phyac may be greatly 
evolved nowadays that leisure-time activities are so prevalent. Finally, cor-
onary and more in general cardiovascular death risks should also be as-
sessed by Phyac and Fitscore in this and other populations, possibly 
including women that were notably absent in the Seven Countries Study. 

A limitation of Fitscore relates to the need of measuring vital capacity 
that is more complex than only measuring arm circumference and heart 
rate. Thus, future studies should assess how large is the contribution of 
respiratory fitness measured by spirometry to the risk of cardiovascular 
and all-cause mortality, although indications still exist in this European 
population that well assessed respiratory function, adopting the ratio 
of forced expiratory volume (in ¾ s, rather than 1 s as of today)/vital 
capacity, is essential.23 In conclusion, the three classes of occupational 
physical activity in the original Seven Countries Study classifications 
are well related to the indicators of fitness involving muscular mass 
(arm circumference), circulatory (heart rate), and respiratory (vital cap-
acity) functions, thus leading to their valuable predictive power of 
events. The Fitscore derived from the above indicators represents an-
other outperforming and powerful predictor of all-cause death and 
AD. These results may impact on day-to-day clinical/preventive cardi-
ology practice by objectively measuring the parameters whereby 
Fitscore is calculated and consider them for risk assessment. 
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Variable Arm 
circumference 

mm 
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Vital 
capacity  
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Dead year 31–60  265.4 (21.3)  67.5 (12.4)  1.58 (0.23) 
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Table A3 Multiple linear regression models predicting 
age at death in 60 years as a function of three classes of 
Phyac and Fitscore (continuous or discrete), unadjusted 
for confounding variables  

Coefficient P value 95% CI  

Multiple linear regression model predicting age at death with Fitscore as 
continuous variable  

Phyac 1 Reference — —  

Phyac 2  1.8681  0.0002  0.90 2.84  
Phyac 3  1.5044  0.0012  0.60 2.41  

Fitscore continuous  1.3921  0.0001  1.09 1.70 

Multiple linear regression model predicting age at death with Fitscore as 
discrete variable  

Phyac 1 Reference — —  

Phyac 2  2.0053  0.0001  1.04 2.97  
Phyac 3  1.7888  0.0001  0.88 2.69  

Fitscore 1 Reference — —  

Fitscore 2  2.2597  0.0001  1.53 2.99  
Fitscore 3  2.6836  0.0001  1.94 2.53 

Baseline alive = 5482; baseline age = 40–59; dead = 5471. Phyac classes: Phyac 1 = low; 
Phyac 2 = intermediate; Phyac 3 = high. Fitscore classes: Fitscore 1 = low; Fitscore 2 =  
intermediate; Fitscore 3 = high. 
95% CI, confidence intervals.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table A1 Multivariate models predicting all-cause 
mortality (Cox) and as a function of Phyac (three classes) 
and Fitscore (continuous or discrete) unadjusted for 
confounding variables  

Coefficient P 
value 

Hazard 
ratio 

95% CI  

Cox model predicting all-cause mortality with Fitscore as continuous 

variable  
Phyac 1 Reference — — —  

Phyac 2  −0.1183  0.0073  0.89  0.81 0.87  

Phyac 3  −0.0459  0.2650  0.96  0.88 1.04  
Fitscore 

continuous  

−0.2354  0.0001  0.79  0.77 0.79 

Cox model predicting all-cause mortality with Fitscore as discrete variable  
Phyac 1 Reference — — —  

Phyac 2  −0.1268  0.0040  0.88  0.81 0.96  

Phyac 3  −0.0674  0.1007  0.93  0.86 1.01  
Fitscore 1 Reference — — —  

Fitscore 2  0.3237  0.0001  0.72  0.38 0.77  

Fitscore 3  −0.5025  0.0001  0.61  0.57 0.65 

Baseline alive = 5482; baseline age = 40–59; dead = 5471. Phyac classes: Phyac 1 = low; 
Phyac 2 = intermediate; Phyac 3 = high. Fitscore classes: Fitscore 1 = low; Fitscore 2 =  
intermediate; Fitscore 3 = high. 
95% CI, confidence intervals.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table A2 Multivariate models predicting all-cause 
mortality (Cox) and as a function of Phyac (three classes) 
and Fitscore (continuous or discrete) unadjusted for 
confounding variables in the first 20 and independently 
in the second 30 years of follow-up  

Coefficient P 
value 

Hazard 
ratio 

95% CI  

Cox model predicting all-cause mortality from year 0 to year 30  

Phyac 1 Reference — — —  
Phyac 2  −0.1862  0.0006  0.83  0.75 0.92  

Phyac 3  −0.1042  0.0393  0.90  0.82 0.99  

Fitscore 
continuous  

−0.1309  0.0001  0.88  0.85 0.91 

Cox model predicting all-cause mortality from year 31 to year 60  

Phyac 1 Reference — — —  
Phyac 2  0.0201  0.7888  1.02  0.88 1.18  

Phyac 3  0.030  0.6509  1.03  0.90 1.19  

Fitscore 
continuous  

−0.1718  0.0001  0.84  0.80 0.88 

Phyac classes: Phyac 1 = low; Phyac 2 = intermediate; Phyac 3 = high. Fitscore classes: 
Fitscore 1 = low; Fitscore 2 = intermediate; Fitscore 3 = high. 
95% CI, confidence intervals.   
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