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Abstract
Objectives  To relate major lifestyle habits with all-cause mortality in an almost extinct male middle-aged population.
Material and methods  A 40–59 aged male population of 1712 subjects was enrolled and examined in 1960 and then followed-
up for 60 years. Baseline smoking habits, working physical activity and dietary habits, each subdivided into 3 classes, were 
related to 60-year mortality, by Kaplan–Meier survival curves, Cox proportional hazards model and to age at death during 
60 years by multiple linear regression.
Results  Death rate in 60 years was of 99.7% with only 5 survivors and 2 lost to follow-up after 50 years. Two out of three 
classes of each behavior were significantly protective versus the third class in all the statistical approaches. Cox hazard 
ratios (and their 95% confidence limits) of never smokers versus smokers was 0.71 (0.63–0.79); that of vigorous physical 
activity versus sedentary activity was 0.75 (0.64–0.89); that of Mediterranean diet versus Not Mediterranean diet was 0.74 
(0.66–0.84). The gain of age at death for never smokers versus smokers was 3.32 years (2.05–4.54); of vigorous physical 
activity versus sedentary activity was 3.53 years (1.68–5.37); that of Mediterranean diet versus Not Mediterranean diet was 
3.67 years (2.32–5.02). Age at death was more than 10 years longer for men with the 3 best behaviors than for those with 
the 3 worst behaviors.
Conclusions  Some lifestyle habits are strongly related to lifetime mortality and longevity.
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Introduction

The role of some lifestyle behaviors, such as cigarette smok-
ing, physical activity and eating habits, as determinants of 
all-cause mortality has been documented by many reports 
based on population studies frequently in combined way 
[1–19]. The majority of these contributions covered rela-
tively short follow-up periods, usually less than 25 years, 

while some population studies started in the mid of last cen-
tury have reached very long observation periods towards 
the quasi-extinction of the original cohorts [4, 14, 18]. This 
allows to tackle systematically the problem by considering 
the outcome of a life-long experience in the search of behav-
ioral determinants of longevity.

The Italian Rural Areas of the Seven Countries Study 
of Cardiovascular Diseases (IRA-SCS) enrolled in 1960, 
have reached 60 years of follow-up with complete data on 
life status and mortality and an overall death rate of 99.7%. 
The purpose of this analysis was to study the relationships 
of 3 lifestyle behaviors, that is cigarette smoking, physical 
activity and dietary habits, with all causes of death during 
the entire lifespan.
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Material and methods

Population and measurements

The epidemiological material used for this analysis is made 
by the IRA-SCS that included 1712 middle-aged (40 to 
59 years) men at entry examination in 1960, representing 
98.5% of defined samples. More details can be found else-
where [14, 18].

Three lifestyle behaviors were considered as follows: 
(A) Cigarette smoking was evaluated by a questionnaire 
and 3 classes of smoking habits were used for analysis: 
smokers, ex-smokers and never smokers; (B) Physical 
activity was derived from a questionnaire matched with 
the profession. Then, 3 levels of physical activity at work 
were defined, i.e. sedentary, moderate and vigorous. The 
mean energy expenditure of these 3 levels were estimated 
by a side study where ergonometric measurements were 
taken [20] and independently by the caloric intake meas-
ured on the diet [21]. Mean values of these estimates are 
given in Table 1; (C) Dietary habits were measured using 
the dietary history [21] and data were converted into 18 
food groups. Factors analysis was carried out and factor 
2 (out of the 3 explored) was chosen to produce factor 
score estimates for each subject. Details on the procedure 
are reported elsewhere [22]. Factor score, for each case 
was computed using the factor score coefficients, that is 
the estimate of an underlying factor formed from the lin-
ear combination of the observed variables. This means 
that a factor becomes a numerical characteristic of each 
individual and can be used as a variable in subsequent 
modelling. The dietary questionnaire was administered a 
few years after the entry examination, and therefore factor 
scores were regressed on age to reach the entry baseline 
value, while for 25% of subjects with missing data it was 
imputed by multivariate normal procedure using as refer-
ence 30 other personal characteristics [18]. No significant 

difference was found between the mean of the original 
values and that of the imputed values. Moreover, Cox 
models for the prediction of events with and without the 
imputed values of factor score 2 produced similar coeffi-
cients for the dietary indices. Factor score is a continuous 
variable that can be used as such or divided in sections to 
identify groups with different characteristics. We decided 
to divide it into 3 tertiles that were arbitrarily called: ter-
tile 1 = Not Mediterranean diet; tertile 2 = Prudent diet; 
tertile 3 = Mediterranean diet. The term Prudent diet was 
assigned to the intermediate category after the end of the 
analysis when it was shown that it was beneficial versus 
the one called Not Mediterranean diet. In the original fac-
tor analysis the group called Mediterranean diet was char-
acterized by different food consumption, compared to the 
Not Mediterranean, since it mainly had higher intakes of 
bread, cereals, potatoes, vegetable and fish and definitely 
lower intakes of fruit, meat, milk, sugar and alcohol. This 
was true to a lesser extent also comparing the Mediterra-
nean diet group with the Prudent diet group.

Beyond the above behaviors we explored two variables 
of social and socio-economic type that could be indirectly 
involved into the problem. They were: (D) Marital sta-
tus, derived from a questionnaire (married = 1; not mar-
ried = 0); (E) High socio-economic status (SES yes = 1; 
no = 0) derived from a questionnaire and attributing a high 
level when the type of work was professional, business, 
public administrators, foreman and high rank clerks.

Systematic collection of mortality data was performed 
for 60 years and only 2 men were lost to follow-up at the 
time of the 50-year follow-up anniversary. All-cause mor-
tality was used for this analysis.

Collection of data started before the era of the Helsinki 
Declaration, with consent implied by participation at the 
base-line examination while in subsequent surveys verbal 
or written consent was obtained for collection of follow-
up data.

Table 1   Lifestyle behavior habits in the study population

Behavior Method Classes and proportions Notes

Cigarette smoking Questionnaire 1. Smokers 61.0%
2. Ex smokers 13.6%
3. Never smokers 25.4%

Physical activity Questionnaire matched with 
working activity

1.Sedentary 9.7%
2.Moderate 22.1%
3.Vigorous 68.2%

Mean estimated energy expenditure
Sedentary 2500 kcal
Moderate 2700 kcal
Vigorous 3100 kcal

Dietary habits Dietary history 1. Not Mediterranean 33.3%
2. Prudent 33.3%
3. Mediterranean 33.3%

Derived from factor score of factor analysis 
on 18 food groups, divided into tertile 
classes
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Statistical Analysis

Kaplan Meier survival curves were computed as a func-
tion of smoking habits, physical activity and diet and their 
classes.

Cox proportional hazards models were solved with all-
cause of death as end-point and the 3 lifestyle behaviors 
as covariates, each divided into the 3 classes as described 
above, plus age.

A multiple linear regression model was solved using 
age at death (the age at the time of death or when the sub-
ject was last seen alive) as dependent variable (survival) 
and the 3 behaviors divided into the 3 classes as independ-
ent variables plus entry age. A matrix was built with the 
estimated age at death derived from the multiple linear 
regression model with all the possible combinations of the 
various lifestyle behaviors.

In side analyses, including the same procedures described 
above, we tested also the role of marital status and high SES.

A comparison was made of behavioral characteristics 
and for estimates derived from the multivariate models 
between centenarians and the others.

Results

Table 1 summarizes the behavioral habits of the study 
population, reflecting the situation of men living in rural 
communities in the mid of last century, with a relatively 
high prevalence of current smokers, high mean levels of 
physical activity bound to work, and varied dietary habits, 
still oriented in prevalence toward healthy habits.

In 60 years, 1707 men died out of the 1712 enrolled at 
entry (99.7%) with the almost extinction of the cohort, 
while 2 men were lost at year 50 of follow-up (as they 
moved to different locations repeatedly) when they were 
aged 91 and 96, respectively. Only 5 men were alive and 
all of them were aged 100 years or more.

Kaplan–Meier survival curves for all-cause mortality as 
a function of the 3 behaviors and their classes are depicted 
in Figs. 1, 2 and 3. For each figure class 1 of a given 
behavior is the one carrying the worse outcome. In each of 
them there was a clear separation of the 3 components and 
the p of the log-rank chi squared was < 0.0001 for smok-
ing and dietary habits and 0.0013 for physical activity. 
Comparing the log-rank Mantel–Haenszel probability in 
pairs of curves, a significant difference was found between 
never smokers and both ex-smokers and smokers; between 
sedentary and both moderate and vigorous physical activ-
ity; and between Mediterranean diet and both Prudent and 
Not Mediterranean diets.

In fact, the curves for smokers and ex-smokers were over-
lapping for the first 20 years of follow-up while later the 
curve for ex-smokers became closer to that of never smok-
ers. In the case of physical activity, during the first 15 years 
the curves of vigorous was overlapping with that of moder-
ate activity, but the latter clearly separated from the former 
during the next years. For dietary habits, the curves for Pru-
dent and Not Mediterranean habits were overlapping for the 
first 10 years. Subsequently the curve of Prudent diet became 
closer to that of Mediterranean diet, eventually overlapping 
during the last 10 years.

In the Cox proportional hazards model for all-cause mor-
tality as a function of age and the 3 behaviors (Table 2) refer-
ence class for each type was made by the one with the worst 
outcome so that hazard ratios (HR) were all smaller than 1. 

Fig. 1   Kaplan–Meier survival curves in 60  years as a function of 3 
categories of smoking habits: smoke 1 = smokers; smoke 2 = ex-
smokers; smoke 3 = never smokers

Fig. 2   Kaplan–Meier survival curves in 60  years as a function 
of 3 categories of physical activity at work: phyac1 = sedentary; 
phyac2 = moderate; phyac3 = vigorous
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All HR were large and significant except that of moderate 
versus sedentary physical activity that had a p = 0.0836 for 
its multivariate coefficient. In general, never smokers, and 
men with vigorous physical activity and Mediterranean or 
Prudent diets were largely protected for all-cause mortality.

The individual risk of death estimated by the Cox model 
equation was very high with a range of 0.9828 to 0.9999, 
clearly due to the practical extinction of the cohort and this 
prevented the possibility to study the calibration of the sys-
tem, that is to compute the number of cases in quantiles 
of estimated risk. On the other hand, the ROC curve had a 
value of 0.823.

The multiple linear regression model with age at death 
as end-point and the same behaviors as covariates showed 
similar findings (Table 3). Again, the reference class for 
each behavior was chosen to be the one accompanied 
by the the worst outcome so that the multivariate coeffi-
cients were all positive. In this case the coefficient of each 

Fig. 3   Kaplan–Meier survival curves in 60  years as a function of 3 
categories of dietary habits: diet1 = Not Mediterranean; diet2 = Pru-
dent; diet3 = Mediterranean

Table 2   Relationships of 
lifestyle habits versus all-cause 
mortality estimated by a Cox 
proportional hazards model

CI confidence interval
(*) coefficients not reported

Risk factor Hazard ratio 95% low CI 95% high CI P of coefficient (*)

Age, years 1.12 1.11 1.13  < 0.0001
Smokers Reference – – –
Ex-smokers 0.84 0.73 0.97 0.0159
Never smokers 0.71 0.63 0.79  < 0.0001
Physical activity, sedentary Reference – – –
Physical activity, moderate 0.85 0.70 1.02 0.0741
Physical activity, vigorous 0.75 0.64 0.89 0.0008
Not Mediterranean diet Reference – – –
Prudent diet 0.74 0.66 0.84  < 0.0001
Mediterranean diet 0.74 0.65 0.83  < 0.0001

Table 3   Multiple linear 
regression model with age at 
death as dependent variable 
predicted by 3 lifestyle 
behaviors each divided into 
3 classes. The magnitude of 
the coefficients represents 
the number of years gained 
for each covariate versus the 
corresponding reference

CI confidence interval
(*) Limited to behavioral factors and derived from standardized coefficients

Coefficient 95% low CI 95% high CI Standardized 
coefficient

Rank of 
coefficients 
(*)

Intercept 73.18 66.41 77.94 – –
Age, years − 0.06 − 0.17 0.04 − 0.02 –
Smokers Reference – – – –
Ex-smokers 1.41 − 0.20 3.03 0.04 6
Never Smokers 3.32 2.05 4.59 0.12 3
Physical activity, sedentary Reference – – – –
Physical activity, moderate 2.37 0.29 4.44 0.08 5
Physical activity, vigorous 3.53 1.68 5.38 0.14 2
Not Mediterranean diet Reference – – – –
Prudent diet 2.62 1.29 3.96 0.11 4
Mediterranean diet 3.67 2.32 5.02 0.15 1
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covariate indicates the number of years gained versus the 
reference of its behavioral group. Several years of life are 
gained being a never smoker, having a vigorous physical 
activity and following a Mediterranean diet. The interme-
diate class of each behavior was also significantly adding 
years of life except ex-smokers whose 95% confidence 
limits crossed zero.

The three lifestyle behaviors and their classes could 
be combined into 27 combinations and for each of them 
the estimated age at death was computed and reported in 
Table 4. There were large variations in the expected age 
at death ranging from 70.2 (for smokers, plus sedentarism, 
plus Not Mediterranean diet) to 80.7 years (for never smok-
ers plus vigorous physical activity plus Mediterranean diet). 
The correspondent levels of age at death actually found were 

69.6 years and 80.4 years, that fit well with those estimated 
by the model.

The above analyses were replicated including also marital 
status and high SES, that provided findings not so coher-
ent across the three statistical procedures as found for 
the basic behaviors (details not tabulated). In particular, 
Kaplan–Meier curves for survival showed the beneficial 
role of being married (versus not married) with log-rank 
chi-squared p = 0.0265, while the curve for high SES versus 
not-high-SES had a p = 0.8207, although a protective role 
of high SES was clear during the first 20 years of follow-up. 
Cox model for mortality including marital status and high 
SES in addition of age and the three main behaviors pro-
vided not significant coefficients for these added variables. 
On the other hand, in the multiple linear regression model 

Table 4   Estimated age at death 
as predicted by the multiple 
regression model of Table 3 
with all possible combinations 
of lifestyle behavior, starting 
from the age of 50 years

Smoking habits: 1 = smokers; 2 = ex smokers; 3 = never smokers
Physical activity: 1 = sedentary; 2 = moderate; 3 = vigorous
Dietary habits: 1 = Not Mediterranean; 2 = Prudent; 3 = Mediterranean
The highest estimated age at death is that of line 9, the lowest that of line 27. If we add to line 9 the contri-
bution of being married and having a high SES, the estimated age at death becomes 85.5 years

Group N Smoking habits class Physical activity class Dietary habits class Estimated 
age at death

1 2 3 1 2 3 1 2 3

1 X X X 73.5
2 X X X 76.1
3 X X X 77.2
4 X X X 75.9
5 X X X 78.5
6 X X X 79.5
7 X X X 77.0
8 X X X 79.6
9 X X X 80.7
10 X X X 76.6
11 X X X 74.0
12 X X X 77.6
13 X X X 71.6
14 X X X 74.2
15 X X X 75.3
16 X X X 75.1
17 X X X 77.7
18 X X X 78.8
19 X X X 77.4
20 X X X 76.3
21 X X X 73.7
22 X X X 76.2
23 X X X 75.2
24 X X X 72.6
25 X X X 73.9
26 X X X 72.8
27 X X X 70.2
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for prediction of age at death the role of being married and 
high SES was significant with coefficients around 2, that is 
adding about 2 years to age at death. The coefficients for the 
behavioral variables were not significantly different from 
those obtained in the previous model (without marital sta-
tus and high SES). However, if all possible combinations 
of covariates were considered, the number of combinations 
in the matrix would increase from 27 to 108 and we thus 
omitted those.

Among the 1712 men enrolled in 1960, 10 reached the 
age of 100 years (6 per 1000) and some differences ver-
sus the others were found. In particular, the estimated Cox 
model probability of death had a mean of 0.9932 for the 
centenarians, versus 0.9974 for the others (p of differ-
ence = 0.0032), while age at death estimated from the mul-
tiple linear regression was 77.2 for the centenarians and 
75.1 for the others (p = 0.0088). The frequency of beneficial 
behaviors was larger for the centenarians (7 out 10 with vig-
orous physical activity, 6 out of 10 never smokers; 9 out of 
10 with Mediterranean or Prudent diets) but due to the small 
numbers the comparison with the others (not centenarians) 
was statistically significant only for smoking habits (p of chi 
squared = 0.0197).

Discussion

General comments

Findings from this investigation suggest that 3 common 
lifestyle behaviors play a role as determinants of all causes 
of death and age at death in a quasi-extinct male popula-
tion sample. Some of those associations are confirmatory of 
what reported beforehand by this and other studies [1–19]. 
The unique characteristic of this analysis is that it was 
run systematically in a population sample followed-up for 
60 years and with a mortality rate of 99.7%. Moreover, it is 
impressive that single measurements taken at base-line in 
middle-aged men were strongly associated with mortality, 
age at death and longevity. The predictive power of the three 
behaviors was confirmed and proved to be rather similar 
using different statistical approaches, that is Kaplan–Meier 
curves for survival, Cox proportional hazards model for 
mortality prediction and multiple linear regression for age 
at death prediction.

The rank in prediction of outcome of the 3 levels in each 
of the 3 behaviors was similar in the various statistical 
approaches, with non-smoking, being physically active and 
following a Mediterranean diet showing the best outcome, 
while on the opposite being a smoker, a sedentary man and 
using a Not Mediterranean diet made the worst outcome. 
The intermediate classes of lifestyle habits (ex-smokers, 

moderate physical activity and Prudent diet) had an inter-
mediate role versus the outcome.

The gains in additional years of life for the best versus the 
worst habit were around 10 years as shown in Table 4, while 
for the composite of the combined intermediate behaviors 
the gain was of almost 8 years.

Limits of the analysis

This analysis may have limits bound to the small numbers 
involved, partially compensated by the extremely long fol-
low-up period of observation.

The definition of dietary habits was based on an estab-
lished a-posteriori pattern that was not influenced by apri-
oristic decisions and was highly related (both as a continu-
ous variable and when divided in subgroups) with all-cause 
deaths. On the other hand, we are aware that due to its 
mathematical characteristics it cannot be transferred to other 
populations but this was not the purpose of this analysis.

The classification of physical activity was based on rough 
data but indirectly validated by other techniques and was 
limited to working activity since those times and in that 
social environment leisure physical activity was absolutely 
marginal.

Measurements of lifestyle habits were taken at baseline 
and the analysis was focused on their relationship extended 
to the whole observation period. Systematic measurements 
taken during subsequent examinations were not available or 
incomplete and therefore time trends cannot be used for this 
analysis. By sure, there has been a decline in the proportion 
of current smokers, and a decline of physical activity bound 
to advancing age. Some partial surveys showed also that 
some of the characteristics of the Mediterranean diet were 
partially lost during the follow-up. However, the multivari-
able coefficients of the Cox model for the behavioral char-
acteristics estimated for the first 25 years of follow-up were 
not statistically different from those estimated for 50 years 
[18], nor those of 60-year versus those of 30-year follow-up 
in the present analysis thus suggesting a relative stability in 
the relationships between lifestyle habits and outcome.

The exploration of the role of marital status and high 
SES was substantially inconclusive because these charac-
teristics are not clearly behavioral habits and because of the 
inconsistency in the outcome across the different statistical 
approaches. However, referring to the matrix of Table 4, 
we can say that the presence of those characteristics might 
increase the age at death of 2 years each.

Clearly these findings cannot be directly  and fully 
transferred to present days, due to different levels of risk 
factors and behaviors, the present possibilities of preven-
tion and treatment and the decline of mortality (mainly 



3097Aging Clinical and Experimental Research (2021) 33:3091–3098	

1 3

cardiovascular) occurred during the last years of the past 
century. However, to study a life-time experience we must 
rely on the past in order to learn hints for the future. The 
search is directed to find general rules connecting behaviors 
with health and disease and apparently our conclusions are 
in line with past and recent findings based on shorter follow-
up observations.

Literature contribution

The literature is rich of reports documenting the separate 
role of the 3 behavioral habits on health, and this is particu-
larly true, during the last few years, for eating habits with the 
identification of subgroups of populations, almost in every 
country, that follow dietary habits resembling the so-called 
Mediterranean diet and was associated with reduction of 
all-cause of death and specific morbid conditions. Reports 
dealing with the 3 behaviors considered together are less 
frequent, but still numerous [1–16]. There are impressive 
aspects in these findings since the contributions come from 
largely different countries and cultures. Since these find-
ings are rather similar across the various studies and none 
contradicts the others, it seems that some universal rules 
apply everywhere when smoking habits, physical activity 
and dietary habits are concerned in relation with health and 
disease and expectancy of life.

There are other ways to study long-term survival and 
longevity, for example to measure the characteristics of the 
centenarians that has risen much interest in the last decades 
as exemplified by Zyczkowska et al. [23] and particularly by 
a Japanese book on the issue [24]. However, this informa-
tion, still of great interest, says very little on the possible 
behavioral causes of longevity. Some investigators, on the 
other hand believe, on the basis of similar analyses, that a 
low profile of cardiovascular risk factors is a pre-requisite 
for longevity and the same is found at the age of 100 years 
or more [25]. Finally, the search of the gene of longevity 
is the other extreme approach [26] and it should be com-
bined with the exploration of gene-behavior interactions. 
Further predictive studies on centenarians versus those who 
did not live long but were followed-up longitudinally and 
the exploration of concomitant biological covariates and/or 
their changes will certainly help unveiling the secrets of an 
healthy and long life.

Conclusions

It is concluded that in view of the prominence of some behav-
ioral risk factors, behavioral and social science research on 
interventions for these risks should be strengthened which 
may be facilitated by the fact that many prevention and 

primary care policy options are available now to act on key 
risks. Acting effectively on smoking habits, physical activ-
ity and dietary habits as shown in the present investigation 
should be a good starting point for cardiovascular and over-
all disease-burden prevention and life prolongation. Whether 
these behavioral lifestyle characteristics are associated with 
biological, potentially modifiable covariates, is the needed 
topic of important future investigations.
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