Aging Clinical and Experimental Research (2022) 34:1247-1258
https://doi.org/10.1007/540520-021-02059-8

ORIGINAL ARTICLE q

Check for
updates

Determinants of longevity and age at death in a practically extinct
cohort of middle-aged men followed-up for 61 years

Alessandro Menotti' - Paolo Emilio Puddu'2® - Giovina Catasta®

Received: 20 October 2021 / Accepted: 17 December 2021 / Published online: 15 January 2022
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2022

Abstract

Objectives To explore possible determinants of longevity as a function of many personal characteristics in a cohort of
middle-aged men followed-up until practical extinction.

Materials and methods In the Italian Rural Area of the Seven Countries Study, 1712 men aged 40-59 were examined in
1960 and 35 personal characteristics were measured. The subsequent follow-up for life status was of 61 years when only 3
men survived. A Kaplan—Meier curve was computed. A Cox model was solved with all-cause mortality as end-point and 35
potential determinants as covariates. A Multiple Linear Regression (MLR) model was also solved with the same covariates
and age at death (AD) as end-point.

Results After 61 years, 99.8% of men had died and median age at death was 75. Beneficial risk factors for both models
(p <0.05) were: never smoker, vigorous physical activity, prudent and Mediterranean diets, arm circumference, subscapular
skinfold, and vital capacity. Adverse risk factors (p < 0.05) were: mother early death, laterality/linearity index, systolic blood
pressure, serum cholesterol, corneal arcus, xanthelasma, cardiovascular diseases, cancer, diabetes, and chronic bronchitis.
Some arbitrary combinations of selected risk factors were used to estimate AD as a function of coefficients of the MLR,
showing large differences up to 10 years or more.

Conclusions Several personal characteristics of anthropometric, behavioral, biophysical, biochemical, and clinical nature
are strongly associated with longevity when measured in middle-aged men and then followed up until extinction.

Keywords Longevity - Risk factors - Lifestyle behavior - Follow-up until extinction

Introduction

In the first chapter of a book dealing with up-date in geron-
tology [1], a comprehensive review was made about cente-
narians and evidence was given of the increasing longevity
and lifespan occurred worldwide during the last century.
The number of centenarians is still limited but it represents
the tip of the iceberg that is mainly made by “the elderly”.
The determinants of longevity are partly known, including
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genetic, lifestyle, environment, and metabolic and endocrine
functions. However, large documentation of personal char-
acteristics measured in a cohort early enough to become
potential predictors of longevity several decades ahead is
rare if perhaps not-existing.

In the present analysis, we have the opportunity to present
data on all-cause mortality and age at death (AD: survival)
in a cohort of middle-aged men examined in the mid of last
century with measurement of many personal characteris-
tics, and then followed up for 61 years until its practical
extinction.

Materials and methods
Study population and measurements

The study was run on the Italian Rural Areas (IRA) of the
Seven Countries Study (SCS) made of 1712 men aged 40-59
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at enrollment in 1960, representing 98.7% of the selected
population samples. More details can be found elsewhere
[2].

A great number of measurements were taken at entry
examination dealing with personal and social characteristics,
lifestyle behaviors, risk factors, and major prevalent diseases
for a total of over 50 variables. Among them, a selection was
made choosing 35 variables after exclusion of those creating
collinearity problems in multivariate analysis (for example,
systolic versus diastolic blood pressure), those that were
included into composite variables (for example, height and
weight as components of body mass index), and a few others
of minimal interest and/or uncertain interpretation. They are
listed in Table 1 together with procedures and criteria, mean
values, and references for measurements techniques [3—11].
About 3% of variables were missing and they were imputed
by multivariate normal procedure.

It is necessary to provide some extra information about
variables dealing with diet and physical activity, since the
complex procedures could be found only in the bibliographic
references reported in Table 1. A dietary history was col-
lected and 18 food groups were identified and then used to
produce an a-posteriori dietary score though the Principal
Component Analysis that allowed to compute an individual
factor score. This score had an inverse gradient with certain
events (initially coronary heart disease), and then, it was
divided into three classes (of equal size to be conservative)
that showed differences in the intake of various food groups.
The upper class (33.3%) had a higher use of cereals, bread,
potatoes, vegetables, fish and lower use of meat, milk, butter,
sugar, pastry, and alcohol, compared with the lower class
(33.3%). The intermediate class (33.4%) had intermediate
food groups’ intake [5, 6]. The labels given to the three
classes were an arbitrary choice (Mediterranean, Prudent,
and Non-Mediterranean) and any other terms could have
been equivalent. The score was not based on an a-priori pro-
cedure, and therefore, it was not influenced by the opinions
of the investigators. The multivariate coefficients of both
Cox and MLR models confirmed that Mediterranean diet
was beneficial versus the reference (Non-Mediterranean) and
that Prudent diet had a similar effect but to a lesser extent.

Physical activity classes were determined from engage-
ment due to occupation matched with a few questions and
divided into three classes, i.e., sedentary, moderate, and vig-
orous. This rough classification was validated by ergono-
metric tests and by the energy expenditure derived from the
dietary history [4, 5].

The study population was followed up for life status and
mortality during 61 years. Collection of data started before
the era of the Helsinki Declaration, with consent implied
by participation at the baseline examination, while, in sub-
sequent surveys, verbal or written consent was obtained for
collection of follow-up data.
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Statistical analysis

A Kaplan—Meier survival curve was computed to describe
overall survival trend. A Cox proportional hazard model
was solved with all-cause deaths as end-point and the 35
personal characteristics as covariates (32 variables plus 3
reference variables for specific groups of them). A multi-
ple linear regression model (MLR) was also solved using
AD (the age at the time of death or when the subject was
last seen alive) as dependent variable (survival) and the
same personal characteristics used in the Cox model as
covariates. Men still alive or lost to follow up (for total of
4 units) were treated as censored in the Cox model.

For both models, the standardized coefficients—that
allow to compare their predictive power—were computed
and partially reported beyond the original ones. They were
computed as the product of a coefficient times the standard
deviation of its respective variable divided by the standard
deviation of the events. Both Cox and MLR models were
replicated including only the risk factors that were signifi-
cant in both analyses. Then, those risk factors were used to
solve, separately for the two approaches, the same models
(reduced models), and a comparison was made between
the coefficients produced by the full models with those of
the reduced models.

A side analysis consisted in solving another MLR
model with the addition of the square of Body Mass Index
to test to hypothesis of a curvilinear relationship with AD.

Using the intercept and the coefficients of the reduced
model of MLR, estimates of AD were computed for a
small and arbitrary number of combinations of different
levels of the various risk factors.

Finally, baseline mean levels of entry risk factors
were tabulated for men divided into three classes of AD,
i.e., <70 years, 70 to 80 years, and > 80 years.

Results

Personal characteristics listed in Table 1 reflect the levels
of middle-aged men in rural environments in Italy in the
mid of last century.

During 61 years of follow-up, in the original cohort of
1712 men, there were 1708 deaths (99.8%), 3 survivors
aged between 102 and 106 years, and 1 lost to follow-up
after 50 years when he was aged 91 years.

A Kaplan—Meier curve was produced and is reported
in Fig. 1 when the decline of survival showed a moderate
increase of mortality during the first 10 years that then
tended to accelerate until about year 40 when the accelera-
tion faded out.
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Table 1 Risk factors measured at entry, definitions, unit of measurement, and mean levels and selection

Risk factor Definition or details Unit of measurement Mean and (SD) or Bib- Notes
proportion (%) and liographic
(SE) reference
Age Approximated to the near-  Years 49.1(5.1) [3]
est birthday
Father history Father dead <65 years O=no I=yes 21.1 (0.99) % [3] From questionnaire
for non-infectious nor
violent causes
Mother history Mother dead < 65 years for O=no 1 =yes 20.6 (0.98) % [3] From questionnaire
non-infectious
nor violent causes
Family history of heart History of myocardial O=no l=yes 379117 % [3] From questionnaire
attack infarction, or equiva-
lent term in first degree
siblings
Marital status Presently married 0O=no l=yes 90.5 (0.71) % [3] From questionnaire
(first marriage)
High SES Professional, business, O=no l=yes 11.0 (0.76) % [3]
public administrators,
foreman and high rank
clerks
Sedentary physical activity Job related derived from O=no I=yes 9.7(0.7) % [4, 5] Dummy Reference for
questions matched with physical activity
reported occupation
Moderate physical activity Job related derived from O=no l=yes 22.1 (1.0) % [4, 5]
questions matched with
reported occupation
Vigorous physical activity  Job related derived from 0=no l=yes 68.2 (1.1) % [4, 5]
questions matched with
reported occupation
Cigarette smoking Smokers O=no I=yes 61.1(1.2) % [4] Dummy reference for
smoking habits
Cigarette smoking Ex-smokers O=no l=yes 13.6 (0.8) % [4]
Cigarette smoking Never smokers O=no l=yes 254 (1.)% [4]
Non-Mediterranean diet Dietary history O=no l=yes 334 (1.1) % [6,7] Dummy Reference for
dietary habits
Prudent diet Dietary history O=no l=yes 332(1.1) % [6, 7]
Mediterranean diet Dietary history O=no l=yes 334(1.1) % [6,7]
Body mass index Weight/height squared kg / m? 252 (3.7) [8]
Trunk/height ratio (sitting height/height)*100 Ratio 53.3(1.5) [81]
Shoulder/pelvis shape Biacromial diameter/bicris- Ratio 1.36 (0.1) [8]
(ratio) tal diameter
Laterality/linearity index (Sum of 2 diameters/ 40.9 (1.8) [8]
height)*100
Subscapular skinfold Harpenden calliper. Below mm 11.8 (5.8) [8]
tip of right scapula
Mid-arm circumference Right arm-Mathematically mm 268.6 (23.6)
cleaned from skin and
subcutaneous tissue using
the value of tricipital
skinfold thickness
Systolic blood pressure Supine mm Hg 143.6 (21.0) [8]
Average of two measure-
ments
Heart rate From ECG, average rate in beats/minute 71.3 (12.9)

lead I and Vg
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Table 1 (continued)

Risk factor Definition or details Unit of measurement Mean and (SD) or Bib- Notes
proportion (%) and liographic
(SE) reference
Vital capacity Best of two tests L/m? 1.65 (0.24) [8]
Adjusted (divided) for
height?
Serum cholesterol Method of Abel-Kendal mg/dl 201.6 (40.8) [10]
modified by Anderson
and Keys. Casual blood
sample
Urine protein Spot urines. Semiquan- O=absent 7.8 (0.6) %
titative method by stix. 1 =present
Definite present
Corneal arcus Clinical judgement 0=no l=yes 13.9 (0.8) %
Xanthelasma Clinical judgement 0O=no l=yes 1.5(0.3) %
Diagnosis Any clinically evident 0=no 1=yes 4.4% (0.5) % [11]
of any cardiovascular cardiovascular disease
disease as by combining history,
physical examination,
ECG findings, Seven
Countries criteria
Diagnosis of cancer Clinical judgement based  0=no 1=yes 0.3(0.1) %
on diagnosis and specific
treatment
Diagnosis of diabetes History of diabetes oruse ~ 0O=no 1 =yes 4.7 (0.5) %
of anti-diabetic diet or
drugs use or definite
urine glucose present
Diagnosis of chronic Clinical judgement, based 0=no 1=yes 6.3 (0.6) %
bronchitis on questionnaire and
physical examination
History of other major Clinical judgement O=no 1=yes 31.7(1.1) %
diseases
Silent ECG abnormalities ~ From Minnesota code. In  0=no 1 =yes 4.0(0.5) % [3]
the absence of clinical
diagnosis of heart disease
Codes 1.1 or 1.2 or 4.1 or
4.2, 0or5.10r52o0r6.1
or6.2,or7.1or7.20r7.4
or 8.3
ECG abnormalities after From Minnesota Code. O=no l=yes 2.2(0.4) % [3]
exercise: 3 min step test Codes

11.1-2 or 12.1-2 or 13.1-2
or 14.1-2 or 15.1-2

The Cox proportional hazard model with all-cause mor-
tality as end-point and 32 risk factors (plus 3 reference fac-
tors) is reported in detail in Table 2. Out of the 32 variables,
18 were statistically significant (with p <0.05) as shown by
the hazard ratio and their 95% confidence limits. Taking into
account the standardized coefficients, the five most directly
related to events were: age, systolic blood pressure, cancer,
serum cholesterol, and laterality/linearity index. The five
most inversely related were: vital capacity, Mediterranean
diet, vigorous physical activity, never smoker, and Prudent
diet.
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The MLR model (Table 3) had AD as end-point and was
based on the same risk factors, but the algebraic signs of
coefficients were expected to be inverse compared to those
of the Cox model. The overall R of the model was 0.42
(R? 0.18) and the significant risk factors (with p <0.05)
were 19. For this model, we present the original coeffi-
cients, instead of the hazard ratios, because these coeffi-
cients directly represent the number of years gained or lost
(depending on the algebraic sign) as a function of one unit
of measurements of the corresponding risk factor.
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Fig. 1 Kaplan—Meier esti-
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Again, using the standardized coefficients, the five most
inversely related factors were: systolic blood pressure, can-
cer, serum cholesterol, body mass index, and mother early
death. The five most directly related factors were: subscap-
ular skinfold, vital capacity, arm circumference, Mediter-
ranean diet and never smoker. Among them, subscapular
skinfold, usually considered an indicator of obesity, was
unexpectedly directly related to AD. Within the rank of 5
risk factors favoring longevity and inversely related to mor-
tality, those present in both models were: Mediterranean
diet, never smoker and vital capacity. Within the rank of
five risk factors directly related to mortality and inversely
related to longevity, there were: cancer, systolic blood pres-
sure, and serum cholesterol.

The Cox model can be solved also using AD as time vari-
able, and in a test, we found that the coefficients of covari-
ates were not significantly different from those of the stand-
ard Cox model except that of age in its role of covariate. The
number of significant coefficients was the same (i.e., 19).

In a side analysis, we re-computed the multiple linear
regression model adding the square of Body Mass Index
to test the hypothesis of a possible curvilinear relationship
with AD. Both linear and quadratic terms were statistically
significant and the outcome allowed to produce the curve
depicted in Fig. 2. A level of around 26 units of Body Mass
Index was associated with the highest survival that, on the
contrary, declined for higher or lower levels.

Comparing the Cox model with the MLR regression,
we found that the same 18 risk factors were significant in
both models and are marked in Tables 2 and 3. Coefficients
of the reduced models based on those 18 risk factors were
compared, for each approach, with those of the correspond-
ent full model and no significant differences were detected.
Overall, the reduced Cox model had a worse performance

20 30 40 50 61
years of follow-up

than the full model, since the difference of their log-likeli-
hood statistics, after having taken into account the differ-
ent number of covariates, was statistically significant (p of
difference =0.0027). The R of the reduced MLR model,
instead, was not significantly different from that produced
by the full model (p=0.6301).

The MLR model had other advantages versus the Cox
model, since it dealt with a continuous end-point ranging
from 41 to 106 years and offered a simple interpretation
of multivariate coefficients of risk factors that represent
the number of years gained (if positive) or lost (if nega-
tive). This approach is immediate for dichotomic variables,
while the coefficients of continuous variables refer to one
unit of measurement and must simply be multiplied by the
desired amount of difference. For example, the coefficient of
systolic blood pressure has a value of —0.01046 and refers
to 1 mmHg, but multiplied by a difference of 20 mmHg
it becomes —2.92 that are the years lost for an increase
of 20 mmHg. In this model, the coefficient of age is posi-
tive which means that being older increases the chances to
become even older.

The two multivariate models included all deaths occurred
in 61 years, but it is probable that some causes of death
might have nothing to do with the risk factors considered in
the analysis. Therefore, we computed two new models (Cox
and MLR) after excluding deaths due to infectious diseases
and violence of any type. The outcome was very similar and
this could be expected since the excluded events covered
only 5% of all deaths.

The contribution of the various risk factors to AD can
be evaluated considering some blocks of them: combining
the three best behaviors (never smoker, vigorous physi-
cal activity, and Mediterranean diet), there is a benefit of
7.9 years; combining the four major diseases, the adverse
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Table 2 Cox proportional hazard model with all-cause mortality as dependent variable and 32 risk factors (plus 3 references) as covariates. Units

of measurement as in Table 1

Risk factor Delta HR 95% CI p of coefficient Rank of standard- Significant also
ized coefficient in MLR model

Age 5 1.61 1.52 1.71 <0.0001 First direct X

High SES 1 0.87 0.73 1.04 0.1256

Father early death 1 1.09 0.971.23 0.1625

Mother early death 1 1.18 1.051.33 0.0074 X

Family history of heart attack 1 1.03 0931.14 0.5692

Marital status 1 0.86 0.72 1.01 0.0694

Sedentary physical activity Reference - - -

Moderate physical activity 1 0.83 0.69 1.01 0.0580

Vigorous physical activity 1 0.75 0.62 0.89 0.0015 Third inverse X

Smoker Reference - - -

Ex-smoker 1 0.87 0.75 1.01 0.0583

Never smoker 1 0.74 0.66 0.83 <0.0001 Fourth inverse X

Non-Mediterranean diet Reference — — -

Prudent diet 1 0.77 0.68 0.87 <0.0001 Fifth inverse X

Mediterranean diet 1 0.74 0.64 0.85 <0.0001 Second inverse X

Body mass index 4 0.97 0.87 1.09 0.6227

Trunk/height ratio 1.5 1.03 0.98 1.09 0.2647

Shoulder/pelvis shape 0.07 1.04 0.99 1.09 0.1473

Laterality/linearity index 1.8 1.10 1.04 1.16 0.0005 Fifth direct X

Subscapular skinfold 6 0.88 0.81 0.96 0.0049 X

Arm circumference 24 0.90 0.84 0.97 0.0038 X

Systolic blood pressure 20 1.21 1.141.28 <0.0001 Second direct X

Heart rate 13 1.02 0.97 1.08 0.4040

Vital capacity 0.24 0.86 0.810.90 <0.0001 First inverse X

Serum cholesterol 40 1.11 1.06 1.17 <0.0001 Fourth direct X

Urine protein 1 1.13 0.94 1.37 0.1942

Corneal arcus 1 1.18 1.02 1.37 0.0255 X

Xanthelasma 1 1.88 1.26 2.81 0.0019 X

Cardiovascular diseases 1 1.38 1.08 1.75 0.0090 X

Cancer 1 10.11 4.15 24.65 <0.0001 Third direct X

Diabetes 1 1.29 1.02 1.64 0.0353 X

Chronic bronchitis 1 1.49 1.22 1.82 0.0001 X

Other major diseases 1 0.97 0.87 1.08 0.5396

Silent ECG abnormalities 1 1.16 0.90 1.49 0.2501

Post exercise ECG abnormalities 1 1.36 0.98 1.89 0.0655

Delta for computation of HR of continuous variables roughly corresponds to 1 standard deviation. Units of measurements as from Table 1. HR

hazard ratios CI confidence interval

effect corresponds to 28.7 years, although in the original
data no man had more than two major diseases; combin-
ing the increase of 1 standard deviation of systolic blood
pressure and serum cholesterol and a decrease of 1 standard
deviation of vital capacity, the adverse effect is of 4.6 years
compared with the original mean values (for not saying the
possible effect on incoming diseases).

Estimates of AD as a function of different levels of risk
factors produce, theoretically, an enormous matrix with
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infinite combinations due to the presence of some continu-
ous variables. An attempt to present an arbitrary series of
combinations of risk factors and their effect on AD using
selected variables and options is given in Table 4 using the
MLR reduced model including 18 risk factors. Note that
these, as well as those quoted in the previous paragraph,
are only theoretical estimates of AD, based on the multiple
linear regression and not a description of facts. They cor-
respond to the estimates of cardiovascular risk that can be
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Table 3 Multiple linear

regression model with all-cause
mortality as dependent variable

and 32 risk factors (plus 3

references) as covariates. Units
ofmeasurement as in Table 1

made by many softwares elaborated for prediction of risk,
the only difference being that here we make estimates of AD.
Therefore, any even apparently impossible combination may

1253
Risk factor Coefficient SE p of coefficient Rank of Significant
standardized also in Cox
coefficient model
Intercept 92.6497 - - - -
Age 0.2220 0.0570  <0.0001 X
High SES 1.7985 0.9483 0.0581
Father early death —-1.1216 0.6378 0.0788
Mother early death —1.9607 0.6453 0.0024 Sth inverse X
Family history of heart attack —0.2693 0.5349 0.6148
Marital status 2.1197 0.8963 0.0182
Sedentary physical activity Reference
Moderate physical activity 1.3892 1.0053 0.1672
Vigorous physical activity 2.387 0.9643 0.0133 X
Smoker Reference - -
Ex-smoker 1.1009 0.7935 0.1655
Never smoker 2.8146 0.6296  <0.0001 Fifth direct X
Non-Mediterranean diet Reference
Prudent diet 1.9772 0.6658 0.0030 X
Mediterranean diet 2.7084 0.7595 0.0004 Fourth direct X
Body mass index —0.2433 0.1493 0.1034 Fourth inverse
Trunk/height ratio —0.2477 0.1877 0.1873
Shoulder/pelvis shape —6.9664 3.5931 0.0527
Laterality/linearity index —0.3732 0.1655 0.0242 X
Subscapular skinfold 0.2831 0.0766 0.0002 First direct X
Arm circumference 0.0627 0.0150 <0.0001 Third direct X
Systolic blood pressure —0.1046 0.0142  <0.0001 First inverse X
Heart rate —0.0126 0.0225 0.5766
Vital capacity 6.6226 1.1847  <0.0001 Second direct X
Serum cholesterol —0.0237 0.0067 0.0004 Third inverse X
Urine protein —1.3911 0.9930 0.1614
Corneal arcus —1.7985 0.7703 0.0197 X
Xanthelasma —4.6550 2.1336 0.0293 X
Cardiovascular diseases —3.1005 1.2775 0.0153 X
Cancer —20.0951 4.7783 <0.0001 Second inverse X
Diabetes -2.4757 1.2362 0.0454 X
Chronic bronchitis —3.0471 1.0769 0.0047 X
Other major diseases 0.0435 0.5577 0.9378
Silent ECG abnormalities —1.2297 1.3331 0.3565
Post exercise ECG abnormalities —1.8751 1.7595 0.2867

Units of measurements as from Table 1

make sense and can be met in practical applications.

The rationale beyond the choice of the nine combinations

and their interpretations are listed below:

— Age was kept fixed at 50 years except when explicitly
mentioned, while a number of arbitrary variations were

hypothesized for the other factors;

— Combination 1. This is only theoretical, since the
dichotomic variables were expressed as proportions,
and not as 0 or 1; as a consequence, the estimate is
valuable for a population group but not necessarily for
single individuals;

— Combination 2. This represents the effect of having the
same levels of risk factors as in Combination 1 but at
age 60, offering an advantage, since the coefficient for
age is positive and favors the reach of older ages, with
an expected increase of 2.4 years;
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Fig.2 Curvilinear association
of body mass index with age at
death, adjusted for 33 other risk
factors in a 61-year follow-up
derived from a dedicated MLR
model

Table 4 Theoretical estimates
of age at death based on
multiple regression model with
18 risk factors using arbitrary
combinations of risk factors
levels

@ Springer

age at death

71
19

20 21 22 23 24 25 26 27 28 29 30
Body Mass Index kg/m squared

31

32 33

Combination

Chosen levels of risk factors

Estimated
age at death

AW N =

Mean level of all risk factors
Mean of all risk factors, age 60 years
Mean of all risk factors, age 70 years

Modal values for corneal arcus, xanthelasma, smoking habits, physical
activity, dietary habits, four major diseases
Mean for all other factors

Mediterranean diet, vigorous physical activity, never smoking
Average levels for all other risk factors

Arm circumference 280 mm;

Systolic blood pressure 125 mmHg;

Cholesterol 180 mg/dl;

Vital capacity 1.80 L/m squared

Mediterranean diet; never smoker; vigorous physical activity
No mother early death

No corneal arcus; no xanthelasma; no major diseases
Average levels of all other risk factors

Cardiovascular disease, chronic bronchitis
No cancer, no diabetes
Average levels for all other risk factors

Non-Mediterranean diet, current smoker, sedentary physical activity
Systolic blood pressure 160 mmHg;

Cholesterol 280 mg/dl

Vital capacity 1.40 L/m squared

Average of other risk factors

Mother early death

Chronic bronchitis, diabetes

Non-Mediterranean diet, current smoker, sedentary physical activity
Corneal arcus, xanthelasma

Systolic blood pressure 160 mmHg

Cholesterol 280 mg/dL

Vital capacity 1.40 L/m squared

Corneal arcus, xanthelasma

Average levels of all other risk factors

74.9
712
79.5
74.7

78.3

83.6

68.9

65.3

52.0
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— Combination 3. This represents the effect of having the
same levels of risk factors as in Combination 1 but at
age 70, offering an advantage, since the coefficient for
age is positive and favors the reach of older ages, with
an expected increase of 5.8 years;

— Combination 4. This is still referred to the overall pop-
ulation situation (as in combination 1) but probably is
more realistic, since dichotomic variables were expressed
using their mode;

— Combination 5. This is the effect of healthy lifestyle
behaviors actually representing an underestimate, since
they should be accompanied by beneficial levels of some
other risk factors;

— Combination 6. This is the effect of healthy lifestyle
behaviors accompanied by good levels of major risk fac-
tors;

— Combination 7. This is the adverse effect of the presence
of two major and rather common diseases together with
mean levels of the other risk factors;

— Combination 8. This is the effect of bad lifestyle, and bad
levels of 3 major risk factors;

— Combination 9. This combination produces one of the
worst possible effects due to the early death of mother, 2
major diseases, bad lifestyle habits, presence of clinical
signs of dyslipidemia, and adverse levels of some major
risk factors, eventually associated with a loss of more
than 20 years in AD.

In general, when the estimates include mean levels of
discrete variables, the value of the estimated AD is more
theoretical than practical and does not apply to single indi-
viduals. An easier, simpler, rough but more realistic way to
look at the same problem is reported in Table 5 where base-
line mean levels of entry risk factors were tabulated for men
distributed into three classes of age at death, i.e. <70 years,
70-80 years, and > 80 years. It is clear that differences,
although small, in mean levels of most risk factors are asso-
ciated in a graded way with AD.

Test of ANOVA for continuous variables and the chi-
squared for discrete variables provided significant p val-
ues <0.05 for 21 risk factors largely coincident with those
identified in this way in multivariate models. However, this
more understandable presentation suffers from the absence
of any adjustment across variables that only multivariate
models can provide and this explains some of the differences
versus the Cox and MLR models.

Discussion

This analysis represents, at least partially, a replica of those
published in 2013 and 2018 [3, 12] on the same material
with 50 instead of 61 years of follow-up. The use of the

Cox model was based on its traditional role in estimating
the probabilities of events as a function of possible determi-
nants, although in this case, the survivors were too few and
the outcome documented only the strength of risk factors
coefficients. The use of AD, as expression of longevity, in
the role of dependent variable in an MLR model was more
rationale and promising. Incidentally, AD is presently con-
sidered a valuable metrics for the study of longevity when
cohorts are close to extinction [13—16]. The two models
performed in a relatively similar way in identifying the pre-
dictive power of risk factors, but for practical purposes, the
MLR was more valuable.

We used a smaller number of variables compared with
previous analyses dealing with 50-year follow-up and the
procedure was slightly different, but the basic findings were
very similar. Perhaps, this outcome could be expected, since
the number of deaths in the last 11 years increased only by
39 units (from 1669 to 1708) and the death rates from 97.5%
to 98.8%. Many risk factors had the role of determinants of
AD and longevity, although their single strength, expressed
by the coefficients of the multiple linear regression, was not
exceedingly high except the case of cancer. It was confirmed
that some behavioral risk factors, some traditional mainly
cardiovascular risk factors, and the prevalence of major dis-
eases provide an important contribution to the prediction
of AD, that is of expectancy of life starting at middle-age
of men around the mid of last century. They were: being a
never smoker, having a vigorous physical activity, following
a Mediterranean diet, having low blood pressure and serum
cholesterol, having high arm circumference and vital capac-
ity, and being free from clinical signs of dyslipidemia and
from a few major diseases.

The theoretical outcome was clearly more favorable when
several beneficial determinants were combined together, as
shown in Table 4, with gains in AD up to 10 years or more.

A limitation of this study is that only men are avail-
able and that several examinations repeated during the
follow-up included only a small subgroup of the measure-
ments taken at baseline. During the follow-up, one of the
most relevant changes was the decline of smoker’s preva-
lence that after 30 years (when the survivors were 39% of
the original cohort) dropped to 16% from the initial 61%.
Despite that, the adverse role of smoking habits remained
present for the entire follow-up period. The corresponding
changes of systolic blood pressure were, on average, from
143 to 160 mmHg and that of serum cholesterol from 201
to 208 mg/dl. Again, this study did not consider a number of
measurements that became available or simply standardized
only many years after the entry examination.

Finally, this cohort was probably little benefited by mod-
ern drugs, sophisticated surgical procedures, and preventive
measures. This is only an opinion that cannot be demon-
strated, but if we take the year 1990 as an arbitrary date for
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Table 5 Average levels of risk

. Risk factor Age at death Age at death Age at death p ANOVA or
factors in three classes of age <70 years 70-80 years > 80 years Chi-squared
at death N=577 N=555 N=576

Age 49.3 (4.9) 49.7 (5.3) 48.3 (4.9) <0.0001
High SES (*) 10.2 (1.3) 13.0 (1.4) 10.0 (1.2) 0.2087
Father early death (*) 23.7(1.8) 23.1(1.8) 16.6 (1.5) 0.0048
Mother early death (*) 24.4 (1.8) 20.2 (1.7) 17.3 (1.6) 0.0107
Family history of heart attack (*) 37.7 (2.0) 39.3 (2.1) 36.6 (2.0) 0.6503
Marital status (*) 89.1(1.3) 91.2(1.2) 91.4(1.2) 0.3476
Sedentary physical activity (**) 13.1(1.4) 8.6 (1.2) 7.3(1.1) 0.0019
Moderate physical activity (**) 23.5(1.8) 23.8 (1.8) 19.0 (1.6) 0.0891
Vigorous physical activity (**) 63.3 (2.0) 67.6 (2.0) 73.7 (1.1) 0.0006
Smoker (¥*) 65.2 (2.0) 65.4 (2.0) 52.8 (2.1) <0.0001
Ex-smoker (**) 13.7 (1.4) 11.7 (1.4) 15.2(1.5) 0.2290
Never smoker (**) 21.1 (1.7) 22.9(1.8) 32.0(1.9) <0.0001
Non-Mediterranean diet (**) 41.5(2.1) 33.7 (2.0) 24.9 (1.8) <0.0001
Prudent diet (**) 33.0 (2.0) 31.2(2.0) 35.6 (2.0) 0.2864
Mediterranean diet (**) 25.4(1.8) 35.1(2.0) 39.6 (2.0) <0.0001
Body mass index 253 (4.2) 25.1 (3.5) 25.1 (3.3) 0.6151
Trunk/height ratio 53.3(1.5) 53.3 (1.6) 53.3(1.5) 0.8452
Shoulder/pelvis shape 1.36 (0.1) 1.36 (0.1) 1.36 (0.1) 0.9244
Laterality/linearity index 40.9 (2.0) 41.0 (1.8) 40.8 (1.8) 0.3526
Subscapular skinfold 11.9 (6.1) 11.8 (5.7) 11.6 (5.5) 0.6462
Arm circumference 265.7 (25.8) 268.0 (24.0) 272.0 (20.4) <0.0001
Systolic blood pressure 149.9 (23.8) 143.0 (19.8) 137.9 (16.8) <0.0001
Heart rate 73.8 (14.2) 71.0 (12.5) 69.1 (11.4) <0.0001
Vital capacity 1.60 (0.25) 1.64 (0.24) 1.70 (0.21) <0.0001
Serum cholesterol 205.7 (42.8) 203.9 (40.6) 195.3 (38.3) <0.0001
Urine protein (*) 10.9 (1.3) 7.7 (1.1) 4.5(0.9) 0.0002
Corneal arcus (*) 18.5 (1.6) 14.8 (1.5) 8.5(1.2) <0.0001
Xanthelasma (*) 2.8 (0.7) 1.4 (0.5) 0.3(0.2) <0.0001
Cardiovascular diseases (*) 6.9 (1.1) 3.4 (0.8) 2.9 (0.7) 0.0016
Cancer (*) 0.7(0.3) 0.2 (0.2) 0(0) 0.0777
Diabetes (*) 6.6 (1.0) 4.9 (0.9) 2.8 (0.7) 0.0093
Chronic bronchitis (*) 9.2 (1.2) 5.6 (1.0) 4.0 (0.8) 0.0009
Other major diseases (*) 32.0(1.9) 31.4 (2.0) 31.6(1.9) 0.9718
Silent ECG abnormalities (*) 4.7 (0.9) 4.5(0.9) 2.8 (0.7) 0.1856
Post exercise ECG abnormalities (*) 2.2 (0.6) 2.9 (0.7) 1.6 (0.5) 0.0029

Units of measurements as from Table 1. In parentheses are standard deviation for continuous variables;
standard error for discrete variables. p of ANOVA for continuous variables, of chi-squared for discrete vari-
ables

Continuous variable are presented as means and standard deviations

“Dichotomic variables are presented as percent of positive cases. Negative cases are equal to 100 minus the
reported percent

““Variables with three choices (smoking habits, physical activity, and dietary scores) are presented each as
percent. This means that in the specific class of age at death there were three types of variables represented
by the corresponding percent

the spread of “modern medicine”, at that time, the survivors ~ advanced therapeutic approaches were provided to them dur-

were less than 40% and were aged 70-90 years; therefore, we  ing the residual years of life.

doubt that much attention in terms of prevention and even The literature offers rare contributions of any type that
mention very long follow-up, say 50 years or so [17-25].
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However, among them, only exceptionally the structure
of the analysis gives a baseline measurement of possible
determinants that are tested for their possible role in pre-
dicting long-term events. The best example was the British
Doctors Smoking study [24].

Other more specific studies related to all-cause mortal-
ity showed a variety a characteristics [26-38]. A study was
limited to evaluate the influence on longevity of quality
of medical care plus some behavioral risk factors [33].
Many others dealt almost exclusively with classical life-
style behaviors such as smoking and dietary habits and
physical activity where non-smoking, being physically
active, and following a healthy diet were accompanied,
mainly when combined together, by a reduced all-cause
mortality in follow-up periods that usually did not exceed
25 years [27-31, 33, 34, 36, 37].

In the reported literature, a few papers are more similar
to our analysis, involving more risk factors of different
type [26, 35, 38]. In an old Chicago Study in Industry
[26] combining several population groups of adults of
both genders and with a follow-up of 12 to 30 years, low
levels of traditional cardiovascular risk factors including
smoking habits, blood pressure, serum cholesterol, and a
low intake of dietary cholesterol were associated with an
increased longevity. In a study run in Sweden on business
people of both genders, followed up for 16 years, healthy
intake of alcohol, fish, fruit, vegetables, processed meat
(low), having a vigorous physical activity, and refrain
from smoking, all adjusted for educational level and body
mass index, were associated with clear benefits in terms
of all-cause mortality [35]. In a large US study [38], risk
factors associated with lower probabilities of reaching the
age of 90 years were genetic liability of type 2 diabetes,
genetically predicted systolic and diastolic blood pressure,
body mass index, LDL cholesterol, and smoking habits;
on the other hand, genetically increased HDL cholesterol
and high educational levels were associated with higher
probabilities of reaching the age of 90 years.

During the last decades, a lot of knowledge was piled
up in terms of genetics of longevity [39], but clearly, our
study could not exploit this novel approach, since in 1960,
valuable and standardized test was not available for field
operations.

Nevertheless, our study offered a unique opportunity to
evaluate the role of many risk factors and personal char-
acteristics in their association with longevity. Among the
significant ones there are, beyond age, some family health
profile (likely much related to genetics), lifestyle behav-
iors, anthropometric measurements, circulatory and respir-
atory measurements, traditional risk factors, clinical signs
of dyslipidemia, and major chronic diseases. All this was
projected through an extremely and unusual follow-up of
61 years when the study population was practically extinct.
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