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Abstract: Aim and Background: To determine whether occupational physical activity (OPA) and physical
fitness (Fitscore) predict cardiovascular disease (CVD) mortality and its components. Methods: Among
middle-aged men (N = 5482) of seven cohorts of the Seven Countries Study (SCS), several baseline
risk factors were measured, and there was a follow-up for 60 years until virtual extinction. OPA was
estimated from the type of work while Fitscore was derived from linear combinations of levels of arm
circumference, heart rate and vital capacity computed as a factor score by principal component analysis.
The predictive adjusted power of these characteristics was obtained by Cox models for coronary heart
disease (CHD), heart diseases of uncertain etiology (HDUE), stroke and CVD outcomes. Results: Single
levels of the three indicators of fitness were highly related to the three levels of OPA and Fitscore. High
levels of both OPA and Fitscore forced into the same models were associated with lower CVD, CHD,
HDUE and stroke mortality. When assessed concomitantly in the same models, hazard ratios (high
versus low) for 60-year CVD mortality were 0.88 (OPA: 95% CI: 0.78–0.99) and 0.68 (Fitscore 95% CI:
0.61–0.75), and the predictive power of Fitscore outperformed that of OPA for CHD, HDUE and stroke
outcomes. Similar results were obtained in individual outcome models in the presence of risk factors.
Segregating the first 30 from the second 30 years of follow-up indicated that people dying earlier had
lower arm circumference and vital capacity, whereas heart rate was higher for CVD and most of its major
components (all p < 0.0001). Conclusions: OPA was well related to the indicators of fitness involving
muscular mass, cardio-circulatory and respiratory functions, thus adding predictive power for CVD
events. The Fitscore derived from the above indicators represents another powerful long-term predictor
of CHD, HDUE and stroke mortality.

Keywords: occupational physical activity; physical fitness; mortality from cardiovascular diseases;
extinct cohorts

1. Introduction

A substantial body of scientific evidence supports the beneficial impact of physical
activity on health and the prevention of premature mortality [1–5]. As a result, promot-
ing physical activity has become a common strategy in both community and clinical
settings [1,2]. However, confusion can arise when no distinction is made between various
forms of physical activity [1]. Apart from the energy expended through bodily movement,
attention can be directed toward physical fitness, which is the (potentially inherited) ability
of the body to perform activities efficiently and effectively [6–16]. Only a limited number
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of studies have thoroughly examined the distinct roles of muscular, cardio-circulatory,
and respiratory functions as indicators of physical activity in relation to cardiovascular
disease and life expectancy [13–16]. Objectively measured physical fitness derived from
linearly combined arm circumference, heart rate and vital capacity (by Fitscore) may rep-
resent an improvement over classes of physical activity estimated from the type of work
performed. It was comparatively assessed among 5482 middle-aged men examined with
the measurement of several risk factors in a previous analysis whereby these measured
parameters of functions had a significant predictive role on all-cause mortality and age at
death in European population cohorts of middle-aged men followed up until extinction [17].
Physical fitness is defined as “the ability to carry out daily tasks with vigor 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 age at death when Fitscore based on arm circumference, heart rate and
vital capacity is in the upper tertile. This is an improvement compared to physical activity
classified by occupation (OPA) as “any bodily movement produced by skeletal muscles that
results in energy expenditure” and should be applied in day-to-day clinical/preventive
cardiology practice.

The purpose of the present analysis is therefore to explore the possible relationship
between OPA and physical fitness for their joint and/or independent roles in the prediction
of major cardiovascular disease mortality subtypes and overall, in the same European
cohorts for 60 years [17], thus to practical extinction.

2. Material and Methods
2.1. Population and Measurements

A total of 5482 middle-aged men (40 to 59 years) were enrolled in 7 European cohorts
of the Seven Countries Study, identified as East Finland, West Finland, Zutphen in the
Netherlands, Crevalcore and Montegiorgio in Italy and Crete and Corfu Islands in Greece.
All cohorts were of rural nature with men largely engaged in occupations of heavy physical
activity, except for Zutphen, a small trade town in the Netherlands. Participation rate at
baseline examination was, on average, 95% of all men aged 40–59 in the defined regions.
Details of these cohorts can be found elsewhere [18,19].

The main variables were as follows: (A) Occupational (at work) physical activity (OPA)
classified as low, intermediate or high and derived from the type of occupation and a few
extra non-standardized questions; leisure physical activity was not considered since it was
extremely rare in those communities in the early 1960s. (B) Indicators of physical fitness
were as follows: (B1) arm circumference (in mm) following the technique reported in the
WHO Survey Methods Manual [20] (WHO Manual) with the crude measurement adjusted
for the contribution of subcutaneous tissue [21], to represent muscle mass; (B2) heart
rate (in beats/min) derived from a standard resting ECG, to potentially represent cardio-
circulatory fitness; and (B3) vital capacity (in L/m2) based on the technique reported in
the WHO Manual [20] using the best value of 2 attempts, to represent fitness derived
from the respiratory function. Vital capacity in Zutphen, the Netherlands, was measured
a few years after the entry examination. Therefore, computations were performed by
regressing the measurements on age to reach the levels of the entry date. The combination
of arm circumference, heart rate and vital capacity was used to obtain a fitness score
(Fitscore) by running principal component analyses and expressing it individually by the
consequent factor score (arbitrary units). Factor score coefficients were 0.6433 for arm
circumference, −0.1404 for heart rate and 0.6812 for vital capacity. In analysis, Fitscore was
divided into tertile classes (low, intermediate and high). The term “fitness score” is not
fully appropriate since the variables were derived from functions likely related to fitness
score but not measuring its properties. However, it was previously adopted to identify
these characteristics and used in analyses [17].

Other baseline variables were used as possible confounders in the multivariate predic-
tive analyses, as follows: (a) age in years: the nearest birthday was used to approximate
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this; (b) average number of cigarettes smoked per day (n/day), after having shown that
ex-smokers could be classified as non-smokers [3–5]; (c) body mass index (kg/m2) using
the measurement technique reported in the WHO Manual [20]; (d) systolic blood pressure
(mmHg) measured at the end of a physical examination, in supine position, using a mer-
cury sphygmomanometer, following the technique reported in the WHO Manual [20]; the
average of two measurements taken one minute apart was adopted; e) serum cholesterol
(mg/dL) using the technique described by Anderson and Keys [22] on measurements of
casual blood samples. About 4 per 1000 of the above measurements were missing, and
thus, multivariate normal procedures were adopted for imputations using a program of
the NCSS 12 computer statistical package.

End-points for testing the predictive power of OPA and Fitscore were 3 cardiovascular
mortality end-points classified following the WHO International Classification of Diseases,
8th Revision [23] (ICD-8): (1) Coronary heart disease (CHD) included only cases of explicit
coronary syndromes such as myocardial infarction, acute ischemic attack and sudden
coronary death, after reasonable exclusion of other possible causes. (2) Stroke included
any type of cerebrovascular disease. (3) Heart diseases of uncertain etiology (HDUE)
included a pool of symptomatic heart diseases manifesting as heart failure, arrhythmia
and blocks in the absence of a clear etiology as well as cases including chronic coronary
heart disease and hypertensive heart disease, in the absence of typical coronary syndromes.
(4) Cardiovascular diseases (CVD) correspoding to the sum of CHD plus HDUE and stroke.

The reasons for keeping CHD mortality well separated from that due to HDUE is
bound to extensive documentation we have provided about their differences, at least for
risk factors (serum cholesterol definitely higher for CHD), and age at death (definitely
higher for HDUE) [24,25]. During the 60 years of follow-up, out of 5482 men examined at
baseline, there were 5471 deaths (99.8%), while 3 men were still alive and 8 were lost to
follow-up and censored at defined times.

2.2. Statistical Analysis

OPA was used as defined and classified into 3 classes (low, intermediate and high),
as Fitscore was divided into low, intermediate and high tertiles. Baseline levels of OPA
and Fitscore were computed for each cohort together with those of arm circumference,
heart rate, vital capacity and risk factors used as confounding variables in the multivariate
models. They were then all compared in the 3 classes of OPA and in tertile classes of
Fitscore. Death rates in 60 years for the 3 groups of CVD and their pool were also computed
and tabulated. More details might be found in a previous paper [17].

Tests of predictive power were performed as follows: (1) Kaplan–Meier survival
curves for mortality from CHD, HDUE, stroke and CVD separately versus the 3 original
OPA classes and the 3 tertiles of Fitscore distribution; (2) Cox proportional hazard models
separately for 3 major groups of cardiovascular mortality and their pool including the
following predictors in different models: OPA plus Fitscore alone. Another 4 Cox models
were solved, for each CVD end-point, including OPA, Fitscore, and a series of possible
confounding variables such as age, cigarette smoking, body mass index, systolic blood
pressure and serum cholesterol along with dummy variables identifying countries (Finland
as reference); in all cases, OPA and Fitscore were divided into 3 classes: low level (used as
reference), intermediate and high levels for OPA, whereas Fitscore was divided into 3 tertile
classes (low level used a reference). Data from cohorts belonging to the same country were
combined in all previous analyses since their characteristics were similar [17]. Using the
Schoenfeld residuals versus time, we tested the proportional hazard (PH) assumptions. We
also tested log(time) and covariate interaction for statistical significance.

Finally, the mean levels of 3 indexes of fitness were compared among those who died
during the first 30 years of follow-up versus those who died in the second 30 years.
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3. Results
3.1. Baseline Variables and Death Rates

Death rates from CVD are shown in Table 1: CHD were more common in the Northern
European countries while HDUE and stroke were more common in the Southern European
countries. The proportion of all deaths (not reported in detail) was similar among the vari-
ous countries since the cohorts reached practical extinction as documented elsewhere [4,5].
Table 1 does not include the proportions of OPA distributed according to low, intermediate
and high activities, nor does it include individual fitness indicators (arm circumference,
heart rate and vital capacity) with confounding factors since these results were previously
published in each of the four European countries of the SCS and in the overall popula-
tion [17]. The class of high OPA was particularly large due to the rural occupations in
six out of the seven cohorts [17], whereas we previously reported large differences across
countries for serum cholesterol [19,20].

Table 1. Death rates per 1000 (standard errors) of CHD, HDUE, stroke and CVD in the European
cohorts of the SCS (*).

Finland The Netherlands Italy Greece Total p of Chi Squared

N 1677 878 1712 1215 5482

60-year CHD
death rate per 1000 352 (12) 267 (15) 164 (9) 132 (10) 232 (6) <0.0001

60-year HDUE
death rate per 1000 61 (6) 65 (8) 120 (8) 137 (10) 97 (4) <0.0001

60-year stroke
death rate per 1000 101 (7) 84 (9) 131 (8) 164 (14) 122 (4) <0.0001

60-year CVD
death rate per 1000 513 (12) 416 (17) 416 (12) 436 (14) 450 (7) <0.0001

(*): The proportions of occupational physical activities distributed according to low, intermediate and high
activities and the fitness indicators (arm circumference, heart rate and vital capacity) with confounding factors
along with 60-year age at death were previously published in each of the 4 European countries of the SCS and in
the overall population [17].

3.2. OPA and Fitscore versus Indicators of Fitness

Increasing levels of arm circumference and vital capacity across the three classes
of OPA were seen in Table 2, and the reverse was true for heart rate. Mean levels of
Fitscore were significantly different in the three classes of OPA. The same picture was
seen in the relationship of the three fitness indexes with tertile classes of Fitscore. The
arm circumference gradient across OPA classes was not very large nor monotonic. The
associations of the Fitscore components with the overall score are useful for understanding.
However, they are larger because they are components of the score. Heart rate was more
closely related to OPA than to Fitscore and its components. In all cases, ANOVA was highly
significant for heterogeneity.

3.3. Prediction of 60-Year Mortality from CHD, HDUE, Stroke and CVD by OPA and Fitscore

In Figure 1, Kaplan–Meier survival curves for CHD mortality groups in the three classes
of OPA did not show clear separations of curves, confirmed by a non-significant p of the
log-rank test, while the curves of the three classes of Fitscore were somewhat diverging and
associated with a significant log-rank test. The situation for HDUE and stroke (Figures 2 and 3)
was similar since the curves from Phayc were not significantly separated while this was true
for Fitscore. The curves for CVD, instead, were better separated (mainly for Fitscore), and
both OPA and Fitscore had significant log-rank tests (Figure 4).
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Table 2. Mean values of indicators of fitness in 3 classes of OPA and Fitscore (standard deviations) (*).

Arm Circumference
mm

Heart Rate
Beats/min

Vital Capacity
L/m2

Fitscore
Arbitrary Units

Physical activity
Low N = 764 256.5 (24.6) 73.7

(14.4)
1.44

(0.24)
−0.50
(1.05)

Physical activity
Intermediate N = 1617

263.9
(22.6)

70.7
(13.2)

1.49
(0.22)

−0.12
(0.92)

Physical activity
High N = 3100

263.1
(21.6)

66.8
(12.3)

1.59
(0.24)

0.18
(0.97)

ANOVA <0.0001 <0.0001 <0.0001 <0.0001

Fitscore low
N = 1827

244.8
(17.8)

71.2
(14.2)

1.34
(0.19)

Fitscore intermediate
N = 1828

262.8
(15.5)

68.6
(12.9)

1.53
(0.16)

Fitscore high
N = 1827

279.6
(18.8)

67.0
(11.8)

1.73
(0.20)

ANOVA <0.0001 <0.0001 <0.0001

(*): These results were previously in part presented [17].
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Figure 1. Kaplan–Meier survival curves for CHD mortality as a function of 3 classes of OPA (p of log
rank = 0.2252) and 3 tertiles of Fitscore (p = 0.0006).
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Figure 2. Kaplan–Meier survival curves for HDUE mortality as a function of 3 classes of OPA (p of
log rank = 0.0907) and 3 tertiles of Fitscore (p < 0.0001).

In Table 3, OPA and Fitscore used in combination in the same model had, for each
end-point, four options to be significantly associated with mortality of the respective CVD
groups. In the case of CHD, OPA was always not significant while Fitscore was inversely
related to mortality when comparing class 3 with class 1. For HDUE and stroke, again,
OPA was not significant while Fitscore was significant on all four occasions. Only in
CVD, both OPA and Fitscore were always inversely related to mortality. This presentation
mimics, multivariately, those given by the Kaplan–Meier survival curves of Figures 1–4.
Overall, in all four tests comparing high with low levels, Fitscore produced negative and
significant coefficients corresponding to hazard ratios ranging from 0.58 to 0.79 while, for
the same comparisons, OPA did so only two times with hazard ratios of 0.88 (only in CVD
significantly so).
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Figure 3. Kaplan–Meier survival curves for stroke mortality as a function of 3 classes of OPA (p of log
rank = 0.0765) and 3 tertiles of Fitscore (p < 0.0001).

Cox models reported in Tables 4–7 summarize the situation for 60-year mortality from
CHD, HDUE, stroke and CVD, respectively, feeding as covariate the levels of OPA, Fitscore
plus a few classic cardiovascular risk factors and dummy variables for the identification
of four countries (with Finland as references). For CHD, OPA was not significant, while
Fitscore was significant comparing high levels with low levels (hazard ratio = 0.81). For
HDUE, OPA was significant in comparing high with low levels (hazard ratio = 0.74), while
Fitscore did so (hazard ratio = 0.72) also comparing intermediate with low levels (hazard
ratio = 0.79). The same outcome occurred in the model having stroke as the end-point. In the
model of CVD, all coefficients were negative, and the related hazard ratios did not include
1, except the comparison of intermediate OPA versus low OPA. Overall, the hazard ratios of
the significant coefficients were somewhat smaller than in the previous analysis of Table 3,
due to the coexistence of many other covariates, most of which presented, expectedly,
significant hazard ratios (not commented on in detail). PH assumptions were not violated
notwithstanding some crossing among several Kaplan-Meier (univariate) survival curves
which was however less evident visually for Fitscore and CVD as outcome also comparing
to OPA (Figure 4).
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Table 3. Multivariate Cox models predicting CHD, HDUE, stroke or CVD 60-year mortality as a
function of OPA (3 classes) and Fitscore (3 classes), both combined in the same model.

Coefficient p Value Hazard Ratio 95% CI

CHD mortality

OPA low Reference --- --- ---

OPA intermediate −0.0736 0.4221 0.93 0.78 1.11

OPA high −0.0895 0.2999 0.91 0.77 1.08

Fitscore low Reference --- --- ---

Fitscore intermediate −0.0889 0.2030 0.91 0.80 1.05

Fitscore high −0.2545 0.0004 0.78 0.67 0.89

HDUE mortality

OPA low Reference --- --- ---

OPA intermediate −0.2409 0.0824 0.79 0.60 1.03

OPA high −0.1791 0.1631 0.84 0.65 1.07

Fitscore low Reference --- --- ---

Fitscore intermediate −0.3646 0.0009 0.69 0.56 0.86

Fitscore high −0.4839 <0.0001 0.61 0.50 0.76

Stroke mortality

OPA low Reference --- --- ---

OPA intermediate −0.1424 0.2473 0.87 0.69 1.10

OPA high −0.1458 0.2070 0.86 0.68 1.08

Fitscore low Reference --- --- ---

Fitscore intermediate −0.4324 <0.0001 0.65 0.54 0.78

Fitscore high −0.5491 <0.0001 0.58 0.48 0.70

CVD mortality

OPA low Reference --- --- ---

OPA intermediate −0.1280 0.0487 0.88 0.77 0.99

OPA high −0.1240 0.0416 0.88 0.78 0.99

Fitscore low Reference --- --- ---

Fitscore intermediate −0.2419 <0.0001 0.79 0.71 0.87

Fitscore high −0.3878 <0.0001 0.68 0.61 0.75

95% CI: confidence intervals (significant in bold). Alive year 0 = 5482; baseline age = 40–59; CHD deaths = 1270;
HDUE deaths = 531; stroke deaths = 667; CVD deaths = 2468.
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Figure 4. Kaplan–Meier survival curves for CVD mortality as a function of 3 classes of OPA (p of log
rank = 0.0032) and 3 tertiles of Fitscore (p < 0.0001).

The mean levels of the three indexes of fitness for those who died from the three CVD
groups (separately and pooled) during the first 30 years of follow-up versus those who
died during the second 30 years are shown in Table 8. Lower levels were seen for arm
circumference and vital capacity when men died early while the opposite was true for heart
rate. The findings were similar in the various outcome groups, and t tests between the two
time periods were highly significant in 11 out of 12 comparisons.
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Table 4. Multivariate Cox model predicting CHD 60-year mortality as a function of 3 classes of OPA
and Fitscore adjusted for 5 confounding variables and country (Finland is the reference).

CHD Mortality

Variable Coefficient p Value Delta Hazard Ratio 95% CI

Age 0.0658 <0.0001 5 1.39 1.31 1.47

Body mass index 0.0101 0.3029 3.5 1.04 0.97 1.11

Cigarettes 0.0204 <0.0001 10 1.23 1.16 1.29

Systolic blood pressure 0.0151 <0.0001 20 1.35 1.28 1.43

Serum cholesterol 0.0043 <0.0001 50 1.24 1.17 1.31

OPA low reference --- --- --- ---

OPA intermediate −0.0218 0.8145 1 0.98 0.82 1.17

OPA high −0.1638 0.0810 1 0.85 0.71 1.02

Fitscore low reference --- --- --- ---

Fitscore intermediate −0.1374 0.0597 1 0.87 0.76 1.01

Fiscore high −0.2055 0.0127 1 0.81 0.69 0.96

The Netherlands −0.4345 <0.0001 1 0.65 0.54 0.77

Italy −0.6441 <0.0001 1 0.53 0.45 0.62

Greece −1.1755 <0.0001 1 0.31 0.26 0.37

Finland reference

95% CI: confidence intervals (significant in bold). Delta for the estimate of hazard ratios roughly equal to the
standard deviation for continuous variables. Units of measurement as from Material and Methods. Alive year 0:
N = 5482; age year 0 = 40–59; CHD deaths: N = 1270.

Table 5. Multivariate Cox model predicting HDUE 60-year mortality as a function of 3 classes of OPA
and Fitscore adjusted for 5 confounding variables and country (Finland is the reference).

HDUE Mortality

Variable Coefficient p Value Delta Hazard Ratio 95% CI

Age 0.1436 <0.0001 5 2.05 1.86 2.26

Body mass index 0.0300 0.0469 3.5 1.11 1.00 1.23

Cigarettes 0.0186 <0.0001 10 1.20 1.11 1.31

Systolic blood pressure 0.0113 <0.0001 20 1.25 1.14 1.38

Serum cholesterol 0.0002 0.8289 50 1.01 0.91 1.12

OPA low reference --- --- --- ---

OPA intermediate −0.2413 0.0862 1 0.79 0.60 1.03

OPA high −0.2954 0.0319 1 0.74 0.57 0.97

Fitscore low reference --- --- --- ---

Fitscore intermediate −0.2319 0.0411 1 0.79 0.63 0.99

Fiscore high −0.3280 0.0116 1 0.72 0.56 0.93

The Netherlands −0.2287 0.0116 1 0.80 0.56 1.13

Italy 0.4602 0.0011 1 1.58 1.20 2.09

Greece 0.1673 0.2384 1 1.18 0.90 1.56

Finland reference --- --- --- ---

95% CI: confidence intervals (significant in bold). Delta for the estimate of hazard ratios roughly equal to
the standard deviation for continuous variables. Units of measurement as from Material and Methods. Alive
year 0 = 5482; age year 0 = 40–59; HDUE deaths = 531.
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Table 6. Multivariate Cox model predicting stroke 60-year mortality as a function of 3 classes of OPA
and Fitscore adjusted for 5 confounding variables and country (Finland is the reference).

Stroke Mortality

Variable Coefficient p Value Delta Hazard Ratio 95% CI

Age 0.1139 <0.0001 5 1.77 1.63 1.92

Body mass index 0.0010 0.9395 3.5 1.00 0.92 1.09

Cigarettes 0.0002 0.9631 10 1.00 0.92 1.09

Systolic blood pressure 0.0154 <0.0001 20 1.36 1.26 1.47

Serum cholesterol 0.0003 0.7353 50 1.02 0.93 1.11

OPA low reference --- --- --- ---

OPA intermediate −0.1389 0.2656 1 0.87 0.68 1.11

OPA high −0.3106 0.0121 1 0.73 0.57 0.93

Fitscore low reference --- --- --- ---

Fitscore intermediate −0.2801 0.0047 1 0.76 0.62 0.92

Fiscore high −0.3171 0.0053 1 0.73 0.58 0.91

The Netherlands −0.5080 0.0009 1 0.60 0.45 0.81

Italy 0.1316 0.2705 1 1.14 0.90 1.44

Greece −0.0306 0.7960 1 0.97 0.77 1.22

Finland reference --- --- --- ---

95% CI: confidence intervals (significant in bold). Delta for the estimate of hazard ratios roughly equal to
the standard deviation for continuous variables. Units of measurement as from Material and Methods. Alive
year 0 = 5482; baseline age = 40–59; stroke deaths = 667.

Table 7. Multivariate Cox model predicting CVD mortality as a function of 3 classes of OPA and
Fitscore adjusted for 5 confounding variables and country (Finland is the reference).

CVD mortality

Variable Coefficient p Value Delta Hazard Ratio 95% CI

Age 0.0944 <0.0001 5 1.60 0.54 1.67
Body mass index 0.0105 0.1350 3.5 1.04 0.99 1.09

Cigarettes 0.0149 <0.0001 10 1.16 1.11 1.21
Systolic blood pressure 0.0144 <0.0001 20 1.33 1.28 1.39

Serum cholesterol 0.0026 <0.0001 50 1.14 1.09 1.19
OPA low reference --- --- --- ---

OPA intermediate −0.1011 0.1240 1 0.90 0.79 1.03
OPA high −0.2262 0.0006 1 0.80 0.70 0.91

Fitscore low reference --- --- --- ---
Fitscore intermediate −0.1983 0.0001 1 0.82 0.74 0.91

Fiscore high −0.2603 <0.0001 1 0.77 0.69 0.87
The Netherlands −0.4353 <0.0001 1 0.65 0.56 0.74

Italy −0.2206 0.0002 1 0.80 0.71 0.90
Greece −0.5435 <0.0001 1 0.58 0.51 0.66
Finland reference --- --- --- ---

95% CI: confidence intervals (significant in bold). Delta for the estimate of hazard ratios roughly equal to
the standard deviation for continuous variables. Units of measurement as from Material and Methods. Alive
year 0 = 5482; age year 0 = 40–59; CHD deaths = 2468.
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Table 8. Mean levels (standard deviations) of 3 indexes of fitness in men who died during the first
30 years versus those who died in the second 30 years of follow-up.

End-Point and
Time Period N Arm Circumference

mm
Heart Rate
Beats/min

Vital Capacity
L/m2

CHD 0–30 896 260.7 (21.6) 70.0 (13.3) 1.55 (0.23)

CHD 31–60 374 264.5 (22.0) 66.5 (11.6) 1.58 (0.23)

p of t test 0.0046 <0.0001 0.0343

HDUE 0–30 223 261.9 (23.9) 68.8 (14.1) 1.47 (0.27)

HDUE 31–60 308 267.0 (20.6) 65.7 (12.2) 1.57 (0.24)

p 0.0088 0.0070 <0.0001

Stroke 0–30 415 262.0 (22.6) 69.9 (13.3) 1.50 (0.23)

Stroke 31–60 252 265.5 (21.2) 69.3 (13.0) 1.57 (0.24)

p of t test 0.0476 0.5691 0.0002

CVD 0–30 1534 261.2 (22.2) 69.8 (13.4) 1.52 (0.24)

CVD 31–60 934 265.6 (21.3) 67.0 (12.2) 1.58 (0.24)

p of t test <0.0001 <0.0001 <0.0001

4. Discussion

In this investigation, we tried to disentangle the role of OPA from that of physical
fitness in predicting CVD and its subtypes to go deeper than what we showed in relation
to all-cause deaths and age at death [17]. OPA was subdivided into three levels, whereas
Fitscore—expressed as arbitrary units of a factor score derived from a principal component
analysis and also subdivided into three levels—was equally or even better predictive
than OPA when fed in the same models. This was so when these two parameters were
challenged alone yet together (Table 3 and Figures 1–4) or when they were considered
concomitantly and by adding classic risk factors for each respective subtype (Tables 4–6) or
as CVD (Table 7), and there were also covariates defining countries. This suggests that OPA
and Fitscore are relatively independent from each other and that Fitscore [probably due to
being the result of actual measurements of muscular (arm circumference) [21,26], cardio-
circulatory (heart rate) [11,27–29] and respiratory (vital capacity) [11,20,30–32] capacities]
seems more intimately related to physical fitness [7,13–16]. Although some connections
between OPA and Fitscore may exist, there were no mathematical connections between
them, and they performed in different ways when used to predict events. On one hand,
Fitscore was created in an entirely different and independent way from OPA, simply
derived from the type of occupation at work and a few extra non-standardized questions.
On the other hand, Fitscore outperformed OPA in all comparisons (Tables 3–7). Finally,
multicollinearity across the covariates may be reasonably excluded since the tolerance was
always very high.

The results confirm, however, that working physical activity classes, although obtained
by a relatively rough procedure, have a good predictive power for fatal CVD events [3–5] while
the Fitscore adds something extra by being more strongly predictive and to a greater extent
than OPA. Therefore, it is logical that despite some inter-relations, OPA and Fitscore have
a differential impact in predicting CVD outcomes, also shown in other studies [8,12,14–16].
At year zero, at baseline, OPA measurements were taken along those of indexes used to
compute Fitscore. Although there was an expectation that they could change along the long-
term follow-up of the SCS [18,19], later systematic measurements were not obtained after
entry for all variables and countries. It is still possible that characteristics measured at year
0 are predictive of events spread along an unusually long follow-up of 60 years, since by
segregating the first 30 from the second 30 years of follow-up, the existence was clearly shown
of long-term associations with fatal events. This was so not only for overall CVD mortality but
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also for its major components of CHD, HDUE and stroke mortalities. Although people dying
earlier had lower arm circumference and vital capacity, their heart rate was higher (Table 8).
This points to the importance of considering functional parameters measured at baseline by
Fitscore that might indeed represent a pathophysiologically based predictive index of CVD
outcomes [26–32]. In regards to physical activity, it is important to underline that people with
sedentary habits [10] were not classified correctly using a single question when true time spent
in physical activity seemed a more proper way [9]. In the majority of reported cohort studies,
however, physical activity was simply classified as self-reported [16] or derived from activity
pattern questionnaires [12] or from caloric expenditure [8] or, in a recent large review, from
these and other ways like complex questionnaires or estimates of metabolic equivalents [15].

All original investigations and their meta-analyses adopted exercise testing as an indicator
of physical fitness when physical activity with physical fitness was compared [12,14–16] or
when only physical fitness was taken into account [6,7,13]. We were unable to trace any study
that used arm circumference, heart rate and vital capacity as baseline variables to define fitness
levels, and accordingly, comparisons with results from other investigations are impossible.
There was only one report whereby the association of physical activity was shown on the
levels of forced expiratory volume [11]. On the other hand, 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 mortality [12,14–16] which
is in line with the findings from our analysis.

There are also negative results in relation to OPA and its capacity to predict CVD
and all-cause mortalities as reported in a systematic review and meta-analysis covering
23 studies and 655,892 individuals, although leisure physical activity appeared more
powerfully predictive [33]. The findings of our study seem thus an exception or may simply
belong to the minority group of those reviewed [33]. However, in studies with three activity
categories (mildly, moderately, and highly active) and multivariate-adjusted models, men
with high activities had 22% less risk for all-cause (including CVD) mortality (RR = 0.78;
95% CI: 0.72 to 0.84) compared to men who were mildly active [34]. For women, the relative
risk was 0.69 (95% CI: 0.53 to 0.90), and the association with all-cause mortality was similar
and statistically significant only in older subjects [34]. There was therefore a dose–response
curve especially from sedentary subjects to those with mild and moderate exercise with
only a minor additional reduction with further increase in activity level.

Our study was undertaken in a time period when leisure physical activity practically
did not exist among rural men occupied in high physical activity. The hazard ratios of
a few risk factors were calculated in the respective CVD outcomes, providing expected
results, (Tables 4–7). On the other hand, in more recent years, when leisure physical activity
is widespread, it seems that comparatively work-related physical activity does not prevent
CVD, but only leisure time activity does [35]. This was observed among 7058 outpatients
with CVD (age 61 ± 10 years, 75% male) from the prospective Utrecht Cardiovascular
Cohort-Second Manifestations of ARTerial disease cohort, where self-reported leisure
physical activity and OPA were investigated in relation to all-cause mortality and incidences
of CVD and type 2 diabetes, a completely different situation compared to the one explored
in our study where younger apparently healthy people were followed up for mortality
predictions over 50 years. In a much shorter period of 8.6 years (IQR: 4.6–12.5) of follow-
up, 1088 vascular events (15.4%), 1254 deaths (17.8%) and 447 incident type 2 diabetes
cases occurred [35]. Again, objective measurements were not performed, primary versus
secondary preventive approaches may not be comparable, and very long versus quite
short follow-up durations may not compensate for the comparability of results. Finally,
the four levels that assessed the physical activity intensity during participants’ last active
employment were [35] predominantly sedentary work, standing work, manual work and
heavy manual work, and the OPA was probably not so all-consuming as in our study.

Longitudinal associations of OPA and left ventricular structure and function were
examined among 1462 participants {50.0% female, 56.4% white, aged 30.4 ± 3.4 years at
baseline [Year 5 exam (1990–91)]} from the Coronary Artery Risk Development in Young
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Adults study, to test the explanatory hypothesis that unfavorable cardiac remodeling may
result from chronic OPA-induced cardiovascular strain [36]. An OPA exposure of 25 years
was not significantly associated with left ventricular functionality parameters especially
those referred to left ventricular contractility among those in the high- versus no-OPA
trajectories [36] which points to the need to obtain objective parameters in the future
to assess comparatively how leisure physical activity versus OPA affect survival, either
all-cause or CVD related.

5. Conclusions

From our residential cohort study of middle-aged European men enrolled in the
middle of the last century, the majority in rural areas of hard work and followed for a very
long term, the three classes of OPA of the original Seven Countries Study classification
were strongly associated with the indicators of fitness involving muscular mass (arm
circumference), circulatory (heart rate), and respiratory (vital capacity) functions. Fitscore
derived from the latter indicators of fitness has valuable predictive power for mortality
occurrence in the CVD area subdivided into its major components. A major limitation was,
however, that we had no women involved at the time this study was started when financial
constraints negated the possibility of enrolling individuals with a low probability of CVD
also long-term. The Fitscore represents, nevertheless, at least among men, another powerful
predictor of three major classes of long-term CVD mortality. It should be appropriate to use
Fitscore for the very long-term prediction of CVD and all-cause [17] mortality. Fitscore thus
represents a new arrow to be applied in primary prevention and should be used largely,
since it is based on easy-to-obtain and relatively low-cost measurements. It is wise to repeat
this investigation in other investigations enrolling both genders.
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