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Abstract
Objectives The aim of this study was to assess social inequalities in overall mortality in a representative sample of the

Italian population, and to evaluate the contribution of behavioural and metabolic risk (BMF) factors to these inequalities.

Methods 85,308 participants aged 25–74 years from the Italian Longitudinal Study were included in the study population

and followed up for mortality (1999–2012). Level of education was used as a proxy for socioeconomic status. The

contribution of BMF was estimated assessing the attenuation of the risk by education produced by the inclusion of BMF in

regression model.

Results Men with the lowest education had 62% and women had 57% greater risk of dying than those with the highest

education. Among men, adjustment for BMF produced an attenuation of the mortality risk between extreme classes of

education by 22%, while among women the risk attenuation was 7%.

Conclusions Large educational differences in mortality were observed for both men and women. BMF reduced by

approximately 20% differences in mortality relative risk between extreme classes of education in men. In contrast, a very

low contribution was observed in women.

Keywords Socioeconomic inequalities � Lifestyle � Behavioural risk factors � Metabolic risk factors � Mortality

Introduction

Over the last decades, a strong reduction in mortality

occurred in industrialized countries, but substantial social

inequalities in health persist in these populations, with

lower mortality rates among individuals advantaged in

terms of education, occupation and income (Kunst et al.

1998; Mackenbach et al. 1997). A large comparative study

showed that inequalities are relatively small in Southern

Europe, especially among women, compared to other

European countries, in particular in Eastern European ones

(Mackenbach et al. 2008). However, social inequalities still

play a role in Italy, as showed by a recent study reporting

that people with primary education have a 70% higher risk

of death (79% men and 63% women) than those with ter-

tiary education (Marinacci et al. 2013).

Understanding the main pathways whereby social

determinants operate is a primary task in order to imple-

ment effective policies and strategies aimed at tackling
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health inequalities. Regarding this issue, there is evidence

that behavioural risk factors are strongly shaped by social

factors, including income, education, and employment

(Braveman et al. 2011). For example, in Italy, the preva-

lence of obesity, physical inactivity and smoking increases

with decreasing educational level, with the exception of

smoking among women, for which the epidemiological

transition is still ongoing and a higher prevalence is found

among older women belonging to upper social strata

(Salmaso et al. 2011).

On the other hand, the burden of disease and mortality

explained by behavioural risk factors is very large: in Italy,

it has been estimated that tobacco smoking, unhealthy diet,

alcohol consumption and lack of physical activity are

responsible for 30% of overall mortality (Piccinelli et al.

2015). Up to 80% of mortality from heart diseases, stroke

and type 2 diabetes and over one-third of cancers could be

prevented by eliminating those shared risk factors (WHO

2008).

Several studies have investigated the role of behavioural

factors as mediators of socio-economic differences in

mortality. However, results have a high variability across

studies and the estimated contribution ranges from 12 to

72% (Harald et al. 2006; Laaksonen et al. 2008; Lantz et al.

1998; Schrijvers et al. 1999; Skalická et al. 2009; Strand

and Tverdal 2004; Stringhini et al. 2010, 2011; van Oort

et al. 2005; Woodward et al. 2003; Nandi et al. 2014;

Nordahl et al. 2014). In general, behavioural factors have

been found to contribute little to the socioeconomic gra-

dient in mortality in Southern European countries (Eikemo

et al. 2014), although, to our knowledge, no study has ever

been conducted in Italy on this subject, except for smoking

(Federico et al. 2013).

Aims

This study aims to assess social inequalities in overall

mortality (excluding accidental causes), and cause-specific

mortality (deaths from cancer, cardiovascular disease), as

well as the contribution of behavioural risk factors

(smoking, physical inactivity) and metabolic risk factors

(obesity) to this gradient in a large cohort representative of

the Italian population.

Methods

Data collection

The study population included all subjects aged

25–74 years who participated in the 1999–2000 edition of

the Italian National Health Interview Survey (NHIS), fol-

lowed up for mortality from 1999 to 2012. The NHIS is

carried out mostly every 5 years by the Italian National

Institute of Statistics (hereafter ISTAT). The survey pro-

vides detailed information on health conditions, including

perceived health, long-term chronic diseases, disability,

lifestyles (e.g., overweight and obesity, physical activity,

smoking) and use of health services, as well as information

on individual and household socioeconomic status. The

NHIS edition here considered was conducted during the

second semester of 1999 and the first semester of 2000

(from September 1999 to August 2000), with a response

rate of 87%, on a representative sample of the Italian

population. Data collection was conducted through face-to-

face interview by trained interviewers, feature which

allowed collecting data without missing values for all the

variables investigated. Vital status, as well as causes of

death for the deceased subjects, was obtained through

individual level record-linkage with the Italian National

Archive of Mortality 1999–2012. The follow-up was

restricted to 85,308 subjects with complete information on

fiscal code, as this was the linkage key of the cohort with

the National Archive of Mortality. Subjects followed up

did not differ significantly from those followed up

regarding age (p = 0.10), sex (p = 0.65), and geographical

area of residence (p = 0.14), whereas in the cohort enrol-

led in the study there was a lower proportion of low edu-

cated subjects (p\ 0.001). The overall number of deaths

observed corresponds to about 90% of the expected deaths

calculated on the basis of the Italian mortality rates for the

whole period. The Italian Longitudinal Study, authorized

within the National Statistical Program, aims to prospec-

tively follow up the samples of the National HIS, starting

from the 1999–2000 NHIS edition, for mortality and

morbidity.

Measurements

Information on socio-demographics, health status and

exposure to risk factors (smoking, physical inactivity and

obesity) at baseline was drawn from the NHIS. In partic-

ular, educational level was used as an indicator of

socioeconomic status, classified into four categories: pri-

mary school or less (up to 5 years schooling), low sec-

ondary school (8 years), high school diploma (13 years),

and university degree (C 17 years) (Cardano and Mari-

nacci 2006). Regarding exposure to individual behaviours,

information on smoking habit was classified into quartiles

of lifetime smoking history, based on pack-years smoked

(20 cigarettes per pack), keeping separate never smokers as

the referent category. Information on physical activity

practiced in the last 12 months with continuity was cate-

gorized into four levels: intense activity (sports: competi-

tive or not), regular activity (jogging, gym, biking,

gardening, etc.), light activity (walking, climbing stairs,
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etc.), and no physical activity. Regarding obesity, Body

Mass Index (BMI) was calculated from height and weight

self-reported in the survey, according to a standard pro-

cedure. The WHO classification was used to categorize

BMI: normal weight (18.5 B BMI\ 25), underweight

(BMI\ 18.5), overweight (25 B BMI\ 30), and obese

(BMI C 30).

Health status at baseline was assessed through self-re-

ported information both on general health, collected by

means of the SF-12 questionnaire and used to compute a

Physical Component Summary (PCS) index (Apolone et al.

2001), and on a list of 22 health conditions diagnosed by a

physician, through which a Chronic Morbidity Index

(CMI) was developed, based on their severity.

The outcomes investigated were mortality from all

natural causes (excluding accidental causes of death; ICD-

9: 000–799), neoplasms (ICD-9: 140–239; ICD-10: C00–

D48) and cardiovascular diseases (ICD-9: 390–459; ICD-

10: I00–I99). Respiratory diseases, and diseases of the

digestive system (ICD-9: 520–579; ICD-10: K00–K93)

were not considered in the analysis because too few sub-

jects in the cohort died from these causes (13 and 14,

respectively) in the reference category of education (uni-

versity degree).

Statistical analysis

Poisson regression models with the Huber–White robust

estimator of variance were used to evaluate the relative risk

of death by educational level, stratifying by gender (Zou

2004). Different models were set up to assess the contri-

bution of health and behavioural and metabolic risk factors

(BMF) to social inequalities in mortality. Since morbidity

could be a potential confounder or mediator of the asso-

ciation between BMF and mortality, the risk attenuation

obtained adjusting for BMF was assessed through two

different analyses, one with and the other without adjust-

ment for health status at baseline. Regarding the former,

Model 1 was set up with only age (5-year classes) and level

of education, while in Model 2 risk factors (smoking,

sedentary lifestyle, and BMI) were added. The same pat-

tern of analyses was conducted including also health status,

comparing Model 3 (age, level of education and health

status) and Model 4 (age, level of education, behavioural

risk factors and health status). Health status was assessed at

baseline using the PCS indicator divided into quartiles and

the CMI into five groups (subjects with diseases divided

into quartiles, with those free of chronic diseases as the

referent category). The contribution of factors (smoking,

sedentary lifestyle and overweight) to educational

inequalities in mortality was estimated in terms of

Explained Fraction (EF), assessing the risk attenuation by

education in Model 2 and Model 4, compared to Model 1

and Model 3, respectively. Regarding smoking, lifetime

smoking history was assessed in the analyses as a mediator

of educational differences in mortality.

The Explained Fraction was calculated by means of the

following formula:

ðunadjusted RR � adjusted RRÞ
ðunadjusted RR � 1Þ � 100

where unadjusted RR is the relative risk for the educational

level considered, estimated in Model 1 and Model 3 and

controlled only for age, compared to the highest education,

while adjusted RR is the risk estimated in Model 2 and

Model 4 and controlled also for BMF (Laaksonen et al.

2008). Since this methodology cannot be applied in the

presence of an interaction between exposure and mediator,

a test for interaction was performed between education and

BMF on the risk of mortality.

A sensitivity analysis was also conducted, restricted to

subjects who declared to be free of chronic diseases at

baseline, to assess the contribution of BMF to social dif-

ferences in mortality, independently from any assumption

on role of health status (confounder or mediator) on the

association between BMF and mortality.

All analyses were performed using the STATA V.13

software.

Results

The study population was composed of 85,291 participants,

corresponding to 1,053,090 person-years. During a mean

follow-up of 12.1 years (SD: 2.4), 7885 participants died

from natural causes: 3384 from cancer, 2508 from car-

diovascular diseases, 392 from digestive diseases and 363

from respiratory diseases.

Table 1 (men and women) show the distribution of

educational level in the study population according to the

age, geographical area, smoking habit, level of physical

activity, BMI, and health status (PCS and CMI). In

exploratory analyses, the geographic area of residence was

included in the models as a potential confounder, but since

it did not show any significant association with mortality, it

was excluded from further analyses.

The proportion of women with primary school or less

was higher than among men (37.2 vs 29.0%), whereas for

graduates there were no differences between genders (8%

men and 7.5% women). People living in the North of Italy

had a higher level of education, compared to the rest of the

country.

Among men, the prevalence of never smokers was

highest among subjects with university degree (50.6%) and

lowest in the least educated group (32.5%), whereas among

women it was highest in the primary education group
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(79.0%) and lowest in the low secondary education cate-

gory (60.0%). Among men, the proportion of subjects in

the highest smoking category was similar and lowest in the

two highest educational levels (13.1% for university degree

and 12.9% for high school diploma), and highest in the

lowest educational group (35.9%). Among women, the

proportion of subjects in the highest smoking category

increased steadily from university degree to primary school

or less (from 2.3 to 3.2%). In both genders, people with

primary school or less displayed the highest prevalence of

physical inactivity, whereas intense and regular physical

activity increased with increasing educational level. The

prevalence of overweight people increased as educational

level decreased in both men (from 34.7 to 48.8%) and

women (from 15.7 to 41.0%). For obesity, there was a

similar pattern in both men (from 4.8 to 16.3%) and women

(from 3.3 to 20.9%).

Looking at the associations between natural mortality

and exposure to risk factors (Table 2), in both Models 2

and 4 (analyses unadjusted and adjusted for health status,

respectively), smoking was associated with a higher risk in

both men and women, which increased according to the

number of cigarettes smoked during lifetime. Regarding

physical activity, sedentary men, as well as men perform-

ing light activity, displayed a significantly higher risk of

natural mortality compared to those who practise intense

physical activity. In women, only those who were seden-

tary showed a risk of mortality significantly increased,

although lower than that observed among men. For BMI,

we observed an opposite tendency between genders, with a

protective association for overweight and obesity among

men, and a higher risk associated with obesity in women,

compared to normal-weight subjects.

In all models (Table 3), the risk of death from natural

causes was higher among subjects with primary school or

less, compared to those with a university degree both

among men (Model 1: RR = 1.62, 95% CI 1.34–1.96;

Model 2: RR = 1.49, 95% CI 1.22–1.80; Model 3:

RR = 1.42, 95% CI 1.17–1.72; Model 4: RR = 1.35, 95%

CI 1.11–1.64) and women (Model 1: RR = 1.57, 95% CI

1.16–2.12; Model 2: RR = 1.53, 95% CI 1.14–2.07; Model

3: RR = 1.40, 95% CI 1.04–1.90; Model 4: RR = 1.42,

95% CI 1.05–1.92), with an inverse trend by educational

level in all models (p\ 0.05).

In all models, also men and women with low secondary

school, or high school diploma displayed higher risks of

mortality, compared to subjects with university degree.

For both genders, no interaction was found between

education and smoking, BMI, or physical activity (all

p[ 0.05).

Examining the proportion of inequalities in mortality

explained by risk factors, differences were found between

men and women, as well as with or without consideringT
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Table 2 Relative risks (RR) of overall mortality, accidental causes excluded, in men and women aged 25–74 years, for behavioural risk factors,

in men and women aged 25–74 years (Italy, 1999–2014)

Men Women

Model 2a Model 4b Model 2a Model 4b

RR CI 95% RR CI 95% RR CI 95% RR CI 95%

Pack-year

Never smoker (0) 1.00 1.00 1.00 1.00

\ 6.5 1.00 0.78 1.28 0.98 0.77 1.25 1.04 0.82 1.32 1.04 0.82 1.33

6.5–16.5 1.12 0.96 1.30 1.08 0.93 1.26 1.28* 1.08 1.52 1.24* 1.04 1.47

16.5–32.5 1.33* 1.19 1.50 1.30* 1.16 1.46 1.35* 1.15 1.59 1.34* 1.13 1.58

[ 32.5 1.67* 1.52 1.83 1.58* 1.44 1.74 1.71* 1.41 2.08 1.64* 1.34 1.99

Body Mass Index

18.5–24.9 normal 1.00 1.00 1.00 1.00

\ 18.5 underweight 1.75* 1.14 2.70 1.49 0.89 2.49 1.36* 1.02 1.82 1.34* 1.01 1.78

25–29.9 overweight 0.86* 0.80 0.94 0.86* 0.80 0.94 0.88* 0.79 0.99 0.85* 0.76 0.95

C 30 obesity 0.89 0.79 1.00 0.84* 0.74 0.94 1.25* 1.10 1.41 1.14* 1.01 1.29

Physical activity status

Intense 1.00 1.00 1.00 1.00

Regular 1.21 0.98 1.50 1.22 0.99 1.50 0.85 0.62 1.16 0.84 0.61 1.15

Light 1.51* 1.22 1.86 1.47* 1.20 1.81 1.25 0.93 1.68 1.21 0.90 1.64

Never 1.95* 1.59 2.41 1.78* 1.45 2.19 1.61* 1.20 2.17 1.47* 1.09 1.98

*p\ 0.05
aModel 2: education, age class, smoking, BMI, physical activity
bModel 4: education, age class, health status, smoking, BMI, physical activity

Table 3 Relative risks (RR) of overall mortality, accidental causes excluded, and explained fraction by behavioural factors, in men and women

aged 25–74 (Italy, 1999–2014) years

Model 1a Model 2b Model 3c Model 4d Model 2 vs

Model 1

Model 4 vs

Model 3

RR CI 95% RR CI 95% RR CI 95% RR CI 95% Explained

fraction (%)

Explained

fraction (%)

Education

Men

University degree 1.00 1.00 1.00 1.00

High school diploma 1.27* 1.03 1.56 1.25* 1.01 1.54 1.24* 1.01 1.53 1.23* 1.00 1.53 6.6 3.9

Low secondary school 1.38* 1.13 1.67 1.29* 1.06 1.57 1.29* 1.06 1.57 1.23* 1.01 1.50 22.9 20.2

Primary or less 1.62* 1.34 1.96 1.49* 1.22 1.80 1.42* 1.17 1.72 1.35* 1.11 1.64 21.6 17.6

Women

University degree 1.00 1.00 1.00 1.00

High school diploma 1.17 0.84 1.62 1.14 0.82 1.58 1.13 0.81 1.57 1.11 0.80 1.54 14.65 13.70

Low secondary school 1.23 0.90 1.67 1.20 0.88 1.63 1.17 0.86 1.60 1.16 0.85 1.59 12.69 3.67

Primary or less 1.57* 1.16 2.12 1.53* 1.14 2.07 1.40* 1.04 1.90 1.42* 1.05 1.92 6.58 0.00

*p\ 0.05
aModel 1: education, age class
bModel 2: education, age class, smoking, BMI, physical activity
cModel 3: education, age class, health status
dModel 4: education, age class, health status, smoking, BMI, physical activity
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health status at begin of the survey. Comparing results from

Model 1 and Model 2 in men (Table 3), the fraction of

inequalities in mortality between extreme educational cat-

egories explained by risk factors was 21.6% for primary

school or less, 22.9% for lower secondary school and 6.6%

for high school diploma (reference: university degree).

Among women, the contribution of risk factors was 6.6%

for primary school or less, 12.7% for low secondary school

and 14.6% for high school diploma, compared to university

degree (Table 3). In the analyses that take into account

health status (Model 3 and Model 4), the explained frac-

tions of BMF were slightly lower both in men and in

women. In men, the contribution of the risk factors was

17.6% for primary school or less, 20.2% for low secondary

school, and 3.9% for high school diploma (reference:

university degree). Among women, it was 0% for primary

school or less, 3.7% for low secondary school and 13.7%

for high school diploma, compared with university degree

(Table 3).

The explained fraction of inequalities in mortality from

cancer between primary or less and university education

was 15.8 and 12.2%, not adjusting and adjusting for health

status, respectively, in men, while it was zero in women

(Table 4).

Regarding cardiovascular mortality, in men the fraction

of mortality explained by risk factors was 24.7% in the

analysis not adjusted for health status and 21.8% in the

adjusted one, whereas in women the corresponding fig-

ures were 20.2 and 14.0%, respectively (Table 5).

The results of the sensitivity analysis showed that

among subjects without chronic diseases the fractions of

inequalities in overall mortality explained by BMF were

more consistent with those computed through the analyses

adjusted for health at baseline, rather than with the unad-

justed ones. In fact, among men the explained fraction of

BMF between primary school or less and university degree

was even lower than that obtained from the analysis

adjusted for health (15.6%), whereas among women it was

0%, consistently with the results of this analysis (data not

shown).

Discussion

The aim of this study was to measure the contribution of

the main behavioural factors, including smoking habit,

physical inactivity and metabolic factors, considering

overweight, in explaining social inequalities in mortality.

Among men, these three factors explained between 17.6

and 21.6% of the differences in overall mortality between

extreme classes of education, while in women they

explained between 0 and 6.6% of mortality inequalities.

This lower value appears explained mainly by the higher

proportion of smoking among women with high education,

especially older women, due to a delay in the epidemic

curve of tobacco consumption in Italy, whereas among men

smoking exposure was more diffuse in low educated sub-

jects. The risk attenuations produced by BMF after

Table 4 Relative risks (RR) of cancer mortality (International Classification of Diseases—version 9: 140–239), and explained fraction by

behavioural factors, in men and women aged 25–74 (Italy, 1999–2014) years

Model 1a Model 2b Model 3c Model 4d Model 2 vs

Model 1

Model 4 vs

Model 3

RR CI 95% RR CI 95% RR CI 95% RR CI 95% Explained

fraction (%)

Explained

fraction (%)

Education

Men

University degree 1.00 1.00 1.00 1.00

High school diploma 1.59* 1.15 2.21 1.56* 1.12 2.17 1.58* 1.14 2.19 1.55* 1.12 2.16 5.5 4.4

Low secondary school 1.66* 1.22 2.26 1.56* 1.14 2.13 1.60* 1.18 2.19 1.53* 1.12 2.09 15.1 12.9

Primary or less 1.85* 1.36 2.51 1.72* 1.26 2.34 1.73* 1.27 2.35 1.64* 1.20 2.24 15.8 12.2

Women

University degree 1.00 1.00 1.00 1.00

High school diploma 1.38 0.89 2.16 1.37 0.88 2.13 1.35 0.86 2.10 1.34 0.86 2.08 4.4 2.7

Low secondary school 1.23 0.81 1.89 1.24 0.81 1.90 1.19 0.78 1.82 1.21 0.80 1.85 0.0 0.0

Primary or less 1.52* 1.00 2.29 1.60* 1.06 2.42 1.39 0.92 2.11 1.51* 1.00 2.28 0.0 0.0

*p\ 0.05
aModel 1: education, age class
bModel 2: education, age class, smoking, BMI, physical activity
cModel 3: education, age class, health status
dModel 4: education, age class, health status, smoking, BMI, physical activity
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adjusting for health status at baseline were more similar to

those obtained from the sensitivity analysis, where subjects

reporting chronic disorders were excluded, compared to the

analysis not adjusted for health, suggesting that health

status was a confounder of the association rather than a

mediator. In theory, health status can be a potential con-

founder or mediator, or both of the association between

BMF and mortality. Regarding physical activity, health can

be considered as a confounder of the association with

mortality because chronic morbidity is expected to increase

the likelihood of being sedentary, but also a mediator, as

physical activity is known to lower the risk of chronic

morbidity. Regarding smoking, the adjustment for health

may represent an overadjustment, since health can be

considered a mediator of the association between smoking

and mortality, being on the causal pathway between

exposure and mortality, even if health can also be a con-

founder of this association, as people with chronic mor-

bidity would tend to reduce or quit smoking. Concerning

obesity, health can be either a mediator of the association

with mortality, for diseases like diabetes and hypertension,

whose risk is increased by high BMI, or a confounder, as

for disorders causing obesity directly (e.g., some endocrine

pathologies), or for drugs that increase the risk of obesity

(e.g., corticosteroids). Under the assumption that health

status would be entirely a mediator of the association

between BMF and mortality, the estimate unadjusted for

health status would be more close to the true value,

whereas the adjusted risk estimate would be more appro-

priate if health would act only as a confounder. Given that

all the BMF considered may act as confounders or medi-

ators of the BMF–mortality relationship, as discussed

above, it seems likely that the true relative explanatory

power of BMF is in between the two risk estimates.

For social differences in cancer mortality, BMF had an

explained fraction slightly lower than that computed for

overall mortality in men, and zero in women, whereas in

both genders it was higher for cardiovascular mortality,

which appears to reflect the stronger association of this

with BMF.

In general, the fraction of mortality explained by BMF

was lower in our study, compared to that computed in other

studies. For example, a Finnish study estimated lifestyles to

explain 45% of the difference in mortality among men and

38% among women between the lowest and the highest

level of education, but the study considered a greater

number of other factors, including vegetable consumption,

fat consumption, and alcohol use (Laaksonen et al. 2008).

A British study showed that smoking and BMI explained

33% among men and 25% among women of the social

differences in mortality (McFadden et al. 2008). A Dutch

study estimated an explained fraction of 53% for smoking,

alcohol, physical activity and body mass index in a cohort

including men and women together (Schrijvers et al. 1999).

The higher contribution of these risk factors in these

studies may be due to the fact that in our study overweight

Table 5 Relative risks (RR) of cardiovascular mortality (International Classification of Diseases—version 9: 390–459), and explained fraction

by behavioural factors, in men and women aged 25–74 (Italy, 1999–2014) years

Model 1a Model 2b Model 3c Model 4d Model 2 vs

Model 1

Model 4 vs

Model 3

RR CI 95% RR CI 95% RR CI 95% RR CI 95% Explained

fraction (%)

Explained

fraction (%)

Education

Men

University degree 1.00 1.00 1.00 1.00

High school diploma 1.04 0.70 1.56 1.02 0.69 1.53 1.02 0.68 1.53 1.01 0.68 1.52 39.7 40.3

Low secondary school 1.39 0.96 2.00 1.29 0.89 1.86 1.28 0.88 1.86 1.22 0.84 1.76 25.1 22.8

Primary or less 1.59* 1.12 2.26 1.45* 1.02 2.05 1.37 0.96 1.96 1.29 0.91 1.84 24.7 21.8

Women

University degree 1.00 1.00 1.00 1.00

High school diploma 1.23 0.59 2.58 1.19 0.57 2.50 1.19 0.56 2.49 1.15 0.55 2.42 17.2 18.1

Low secondary school 1.46 0.74 2.90 1.39 0.69 2.77 1.39 0.70 2.77 1.35 0.67 2.70 16.4 11.5

Primary or less 1.94* 1.00 3.77 1.75 0.89 3.45 1.71 0.87 3.34 1.61 0.81 3.18 20.2 14.0

*p\ 0.05
aModel 1: education, age class
bModel 2: education, age class, smoking, BMI, physical activity
cModel 3: education, age class, health status
dModel 4: education, age class, health status, smoking, BMI, physical activity
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and obesity were protective factors for natural mortality

among men, while among women those in the lowest

educational category had the lowest prevalence of

smoking.

For what concerns the relationship between individual

behavioural factors and overall mortality, the results con-

firm associations reported by others studies for tobacco

smoke (Strand and Tverdal 2004; van Oort et al. 2005;

Woodward et al. 2003) and physical activity for both

genders (Schrijvers et al. 1999; Woodward et al. 2003),

demonstrating a good predictive validity of the self-re-

ported information on these factors. The protective asso-

ciation observed in men with high BMI is debated in the

literature, although recent studies have reported a similar

effect (De Schutter et al. 2014; Veronese et al. 2015).

Although the relative explanatory power of BMF on the

association between education and mortality was quite

small, some authors have pointed out that nonetheless the

absolute explanatory power may be much higher (Lynch

et al. 2006; Khang et al. 2009). In fact, in contrast with the

relative explanatory power, which is the attenuation in

relative risk obtained from equalizing the prevalence of a

risk factor across population strata, the absolute explana-

tory power describes the reduction of the difference in the

incidence of an outcome between population strata when

an exposure is eliminated from the population and, there-

fore, is a more useful indicator from a public health point

of view. Absolute explanatory power depends mainly on

the combination of absolute prevalence of BMF and the

risk associated, which determine its population

attributable proportion, rather than on differences in the

prevalence of BMF across education categories, as for the

relative explanatory power. The discrepancy between rel-

ative and absolute explanatory power will be stronger when

differences in the prevalence of the risk factor between

population strata are small, but the overall prevalence is

high, because the elimination of the cases due to the

exposure will impact differently on the relative risk and on

the risk difference.

In spite of the low relative explanatory power of the risk

factors considered, their absolute explanatory power is

expected quite high in our study, because of their high

prevalence and the high strength of association with

mortality.

Strengths and limitations

The major strength of the study is the use of the Italian

Longitudinal Study which allowed us to generalize our

results to the Italian population. Another strong point is the

possibility to adjust risk estimates for health status at

baseline. The sensitivity analysis carried out on the cohort

excluding subjects with chronic diseases confirmed the

accuracy of the adjustment for health status performed in

the main analysis.

A limitation of this study is the use of educational level

as a single proxy for socioeconomic position, which may

have not characterized appropriately the social strata in the

cohort, possibly leading to an underestimation of the true

social gradient compared to occupational social class

(d’Errico et al. 2017), although educational level is an

indicator used frequently in social epidemiology.

The inclusion in the cohort of older subjects may have

caused an underestimation of the true differences in mor-

tality between educational levels, as older subjects are a

population of survivors and because subjects with low

education tend to have higher mortality than those with

high education. Also the lower proportion of subjects fol-

lowed up among the low educated compared to the high

educated likely produced an underestimate of the true

social gradient in mortality. On the other hand, subjects

with a higher prevalence of risk factors, more diffuse in

lower educational strata, would also have an increased

mortality risk and a reduced likelihood of surviving so long

to be enrolled in the study. However, given the partial

relative explanatory power of the BMF on educational

differences in mortality, the selection effect linked to BMF

exposure is expected to be smaller than that of overall

mortality. Therefore, such a selection bias is expected to

have lead to an overestimation of the relative explanatory

power in this study.

Another limiting factor is the use of self-reported

information on BMF, which can lead to a misclassification

of the exposure to BMF (Patrick et al. 1994; Vartiainen

et al. 2002) and, as a consequence, to an imperfect

adjustment for these factors and to a flawed estimation of

the explained fraction (Stringhini et al. 2011). In addition,

except for smoking habit, for which the history of exposure

relates to the entire life of subjects (use of pack-years), a

misclassification of BMI and physical activity could have

occurred, due to the absence of exposure information

before baseline and during the follow-up period.

Among other limitations, the lack of information on

social characteristics potentially correlated with beha-

vioural and metabolic factors and mortality, such as neg-

ative life events, lack of social support, family conflicts,

and financial difficulties, which are possible confounders of

the association between BMF and mortality, could have

lead to an overestimation of the strength of this association

and of the proportion of mortality mediated by BMF.

Furthermore, we could not consider in the analysis other

behavioural factors, such as dietary habit and alcohol

consumption, which could have led to an underestimation

of the real explained fraction by these risk factors.
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Conclusions

This study showed the presence of important differences in

mortality from natural causes by educational level in both

men and women. Adjustment for smoking habits, physical

inactivity and BMI reduced the relative risk of mortality

between extreme classes of education by \ 20% in men,

while it has had no effect in women. The results of the

sensitivity analysis on healthy subjects suggest that the risk

attenuation produced by adjustment for behavioural or

metabolic factors should be evaluated comparing models

adjusted also for health status. Substantial differences in

mortality remained between extreme educational classes

after controlling for health status and behavioural or

metabolic factors, possibly related to other behavioural

factors, such as dietary habit and alcohol consumption,

which was not possible to consider in this study, for their

key role in the development of several chronic diseases, or

to environmental hazards. However, it seems difficult to

exclude that the persistence of a gradient in mortality

would be actually attributable to a direct effect of low

education, or, more generally, of the disadvantaged mate-

rial and psychosocial conditions associated with low

education.
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