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A B S T R A C T

Equality of opportunity suggests that observed differences in an outcome of interest should only reflect factors 
within individuals' control, namely effort, and not circumstances beyond their control, such as their parent's level 
of education or longevity. In the health field, lifestyles are typically considered as individual effort and are 
viewed as legitimate sources of health inequality. However, it remains unclear to what extent these effort-related 
factors contribute to gender differences in health status. Using data from the Survey on Health Ageing and 
Retirement, we examine differences in health and lifestyles related to physical exercise and fruits and vegetables 
intake between men and women. We use a Shapley decomposition and generate a multidimensional health score 
based on a set of health-related outcomes. Interaction terms between gender and lifestyles suggest that insuf
ficient physical activity is more strongly associated with poorer health in men than in women, whereas infre
quent consumption of fruits and vegetables is more strongly associated with poorer health in women than in 
men. Finally, the decomposition shows that family socio-economic background is the main contribution of heath 
inequalities among women, while the frequency of physical exercise is the main contribution of health in
equalities among men. Our results encourage gender-specific prevention policies to improve population health.

1. Introduction

According to Dworkin (1981), equality-of-opportunity (EOP) implies 
that individuals should strictly be held responsible for the consequences 
of voluntary lifestyles, referred to as effort, which are within their 
control. Conversely, individuals should not be held responsible for fac
tors beyond their control, such as their place of birth or their parents’ 
characteristics (Roemer, 1998). These factors, commonly referred to as 
circumstances, are regarded as illegitimate sources of inequality under 
the EOP framework of Roemer (1998). The policy principles underlying 
the concept of EOP aim to compensate individuals for disadvantaged 
outcomes stemming from illegitimate sources of inequality (circum
stances) while recognizing and preserving the observed outcome that 
results from effort, which is considered as legitimate sources of 
inequality. These two principles are respectively known as the principle 
of compensation and the principle of reward; they are essential for 
achieving EOP, an ideal state in which illegitimate sources of inequality 
in outcomes have been eliminated.

The study of EOP in the health field has become a prolific line of 
research in recent years (Jusot and Tubeuf, 2019). Although gender is 
often included as a control variable in models measuring EOP (Aran and 

Ersado, 2013; Hederos et al., 2017; Awad and Hussain, 2021; Berthung 
et al., 2022), the gender dimension itself is rarely the main focus of 
analyses. Some studies highlight that gender is a key source of dispar
ities in EOP in areas such as nutrition and income where EOP tends to be 
higher among women than among men (Aran and Ersado, 2013; 
Hederos et al., 2017). It has also been shown that mothers' health is more 
strongly associated with their daughters' health, while fathers' health is 
more strongly associated with their sons’ health (Berthung et al., 2022; 
Bigorne et al., 2023). In this paper, we adopt an ex-post approach to 
measuring inequalities of opportunity in health (Fleurbaey et al., 2017), 
which means that we assume that individuals exerting the same level of 
effort should achieve similar health outcomes and we investigate gender 
differences in health outcomes and health-related lifestyles.

While women generally have a higher life expectancy than men, they 
also tend to experience poorer health outcomes and live more years in 
degraded health conditions (Case and Paxson, 2005). Gender differences 
are also observed in health-related behaviours. As noted by Casal, un
healthy habits such as alcohol consumption, smoking, drug use, and 
engagement in risky activities such as speeding, drunk driving and 
extreme sports are more commonly observed among men, especially in 
developed countries (Casal, 2015). Recent evidence suggests that 
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physical activity does not benefit women and men to the same extent. 
Chen et al. (2025) used data from accelerometers used on 85 000 
UK-Biobank participants to examine sex differences in the association 
between physical activity and coronary heart disease (CVD). Their re
sults show that while women require 250 min of moderate to vigorous 
physical activity per week to achieve a 30% reduction in CVD risk, men 
require 530 min to reach the same reduction.

The current study investigates whether men and women engage 
differently in risky behaviours and whether those differences in lifestyles 
help explain observed differences in general health status. Specifically, 
we investigate whether and to what extent, current health-related life
styles, considered as efforts, affect health outcomes differently for men 
and women. By examining differences in health-related lifestyles, we 
assess whether the returns of effort on health vary by gender, while 
controlling for individual circumstances, age and country of residence. 
Finally, we measure and decompose the gender gap in inequality of 
opportunity in health between men and women.

In order to address gender appropriately in quantitative methods we 
follow four deliberate methodological guidelines that align with recent 
developments in feminist economics (Small, 2024). First, rather than 
splitting the sample into two separate groups and conducting a stratified 
analysis by gender, we include interaction terms between gender and 
key explanatory variables. Unlike a stratified analysis, our approach 
preserves the full sample size, thereby increasing statistical power. 
Second, we refer to “gender” rather than “sex” throughout the paper. As 
Small notes, social scientists should rarely make claims purely on bio
logical sex but rather on socially constructed gender roles and experi
ences (Small, 2024). Although the survey data used in this study collect 
self-reported sex, we treat this variable as a proxy for gender, 
acknowledging the socialization processes that underlie differences in 
childhood circumstances, lifestyles and health. Third, we intentionally 
consider women as the reference group in our regression analyses. 
Cokley and Awad (2013) argue that comparisons between groups should 
not be used to reinforce hierarchies or imply the superiority of one group 
over another. Similarly, Sprague warns against framing social problems 
in ways that focus on responsibility and blame on disadvantaged groups 
while leaving advantaged individuals unexamined (Sprague, 2016). 
Finally, we follow recommendations from Miller and Rodgers (2008)
when interpreting the regression results and distinguish between eco
nomic importance and statistical significance, ensuring that our dis
cussion does not conflate statistical findings with substantive meaning.

This paper contributes to the literature on health inequalities in four 
main ways. First, it bridges a gap in the literature by integrating gender- 
aware principles into an ex-post EOP analysis. Second, it uses a decom
position method which allows us to assess the relative contribution of all 
independent variables of our model (circumstances, effort, age, gender 
and country of residence) in health inequalities. Third, while previous 
studies commonly used tobacco or alcohol consumption to proxy indi
vidual investments in health, this study focused on two positive health- 
related behaviours: physical exercise and fruits and vegetables intake. 
These behaviours are socially patterned and show gendered differences. 
Finally, it is the first study to apply an ex-post approach in EOP in health 
to assess whether the health returns of lifestyles differ between men and 
women.

2. The model

2.1. General health production function

We consider a health capital model à la Grossman (1972) where 
health is framed as a capital that individuals can consume and invest in. 
Health is conceptualised as a durable capital stock that produces healthy 
days, which are valued both intrinsically and for their contribution to 
productivity. Over time, this capital depreciates due to ageing and the 
onset of illness, and must be maintained or enhanced through invest
ment. Individuals can invest in their health capital through medical care, 

healthy behaviours and education, which are expected to improve the 
efficiency of health production.

We will use data from waves 4, 5 and 6 of the Survey on Health, 
Ageing and Retirement in Europe (SHARE), which were respectively 
collected in 2010, 2013 and 2015. Our analysis is across 12 European 
countries, namely Austria, Belgium, Czech Republic, Denmark, Estonia, 
France, Germany, Italy, Luxembourg, Slovenia, Spain and Sweden. 
During the SHARE study, the relevant research ethics committees in the 
participating countries approved the research design, and all partici
pants provided written informed consent. For further use and analysis of 
SHARE data, no ethical approval is needed.

Let us assume that (Hi) represents the health outcome of individual i 
as follows: 

Hi =αEi + βCi + δAgei+γCountryi + ui (Eq. 1) 

where health-related behaviours are represented by (Ei) and childhood 
circumstances are represented by (Ci). The depreciation of the health 
stock (Hi) over the lifecycle is accounted for by controlling for (Agei) and 
the country of residence of the respondents (Countryi). Finally, (ui) is an 
error term normally distributed tending towards 0.

Extensions of Grossman's model have been proposed to better un
derstand factors such as the effects of education or the gender pay gap on 
health. Mazzonna (2014) showed that an additional year of schooling 
improved men's self-reported health but not women's. Averett et al. 
(2024) suggested that eliminating the gender wage gap would result 
in a 1.2% reduction in women's poor or fair self-reported health. Other 
studies showed that health deterioration varies across socioeconomic 
groups with the ageing process occurring more rapidly for individuals 
with lower socioeconomic status (Case and Deaton, 2005) and social 
inequalities in health-related lifestyles and medical care (Galama, 
2009). Several studies have shown that women and men do not age at 
the same pace (Gale et al., 2013; Merz and Cheng, 2016; Cunningham 
et al., 2021). Gale et al. (2013) showed that, in older adults, higher 
concentrations of inflammatory markers, CRP and fibrinogen, explain 
more of the risk of incident frailty in women than in men. Merz and 
Cheng (2016) highlighted sex differences in cardiovascular ageing 
attributable to both hormonal and non-hormonal factors, generally to 
the advantage of men. Cunningham et al. (2021) reported a higher 
prevalence of obstructive sleep apnea in middle-aged men than in 
middle-aged women, along with differences in comorbidities.

Empirical applications of the Grossman model (1972) rarely explic
itly distinguished between men and women, we propose to consider 
gendered differences in the depreciation of health and the differential 
effect of lifestyle behaviours over the life course. This explicit consid
eration leads us to develop (Eq. (1)) as follows: 

Hi = θGi + αgEi + ϑE×Gi + βgCi + δgAgei + γgCountryi+ui (Eq. 2) 

where gender (Gi) represents a binary variable of whether the individual 
reports being a man or a woman in the survey and (Ei ×Gi) is an inter
action term measuring the gendered effect of lifestyle behaviours on 
health. We propose to consider αg a gender-specific estimator measuring 
the gendered returns of health-related behaviours on health, βg a gender- 
specific estimator measuring the social structure constraints related to 
gender from family and social background and δg, a gender-specific age 
depreciation estimator with the subscript g = {w,m}.

Despite that our model will not be stratified by gender, we want to 
underline that estimators could be gender-specific in (Eq. (2)) to 
emphasise the different channels through which gender can affect the 
correlation between the health status and some regressors. Our model 
tests the following three conditions: (1) equality of lifestyles returns 
across gender: αg = αw = αm; (2) equality of opportunity across gender: 
βg = βw = βm = 0 and (3) equality of age depreciation across gender: 
δg = δw = δm.

The empirical investigation considers seven alternative models based 
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on (Eq. (2)). Model 1 includes the full set of control variables, including 
the vector of circumstances, age and country of residence. Model 2 
additionally considers physical exercise. Model 3 includes fruits and 
vegetables intake without physical exercise. Interaction terms between 
health-related behaviours and gender with physical activity are 
considered in Model 4, while interaction terms of gender with fruits and 
vegetables intake are included in Model 5. In Model 6, the two health- 
related behaviours and respective interaction terms are jointly 
included. Finally, Model 7 introduces interacted terms between the 
vector of childhood circumstances and gender.

2.2. EOP decomposition

We then quantify how each explanatory variable explains the R- 
squared of the previous regression model (Eq. (2)) through a Shapley 
decomposition. Each explanatory variable is a contribution of the vari
ance of the dependent variable measuring health (Israeli, 2007). Spe
cifically, health inequality measures are estimated for all possible 
permutations of the independent variables, which allows the average 
marginal contribution of each variable to total health inequality to be 
calculated. The Shapley decomposition has two advantages. First, if we 
add the different components, we get the total value of the variance and 
second, it is order independent (Juárez and Soloaga, 2014). This method 
has been previously used to quantify inequality of opportunity in health 
ex-ante (Davillas and Jones, 2020; Berthung et al., 2022). We consider 
three sequential decompositions: a total sample decomposition 
(including gender) and a separate decomposition for women and for 
men. Interaction terms are excluded from the model to run the 
decomposition.

2.3. Robustness checks

We performed 4 robustness checks to strengthen our findings. First, 
we computed the analysis using only physical exercise prior to the 
measurement of the outcome variable. Second, we included more 
commonly used effort variables in the litterature, smoking and BMI. 
Third, we did the analysis using purged effort from its correlation with 
circumstances. Fourth, we clustered countries according to the Gender 
Equality Index, accounting for gender inequalities across countries.

3. Data

Data come from waves 4, 5 and 6 of the Survey on Health, Ageing 
and Retirement in Europe (SHARE), which were respectively collected 
in 2010, 2013 and 2015. We have information on respondents’ current 
health-related habits as well as information regarding their socio- 
economic background during childhood as collected in SHARELIFE 
survey. We consider a sample of 25 210 individuals, 14 425 women and 
10 785 men aged from 50 years old and above across 12 European 
countries, namely Austria, Belgium, Czech Republic, Denmark, Estonia, 
France, Germany, Italy, Luxembourg, Slovenia, Spain and Sweden. Our 
analysis considers pooled data over Europe.

3.1. Health outcome

Although self-assessed health (SAH) is a well-established predictor of 
mortality (Benyamini, 2011; Idler and Benyamini, 1997), research in
dicates that it may not consistently capture overall health status due to 
age-related differences in health determinants and reporting standards. 
For example, research points to a lack of measurement invariance across 
groups and to persistent effects of non-health characteristics even after 
extensive adjustment for health, indicating non-health-related biases in 
SAH (Layes et al., 2012; Oksuzyan et al., 2019; Lazarevič and Brandt, 
2020). To address these biases, Lazarevič (2023) adopted a multidi
mensional approach to measure health and developed a composite 
health score based on the three questions of the Minimum European 

Health Module, capturing general, medical and physical health. General 
health status is measured with self-assessed health with five response 
categories ranging from excellent to poor. Medical health is measured 
through self-reported chronic conditions based on a list of 15 diseases. 
Physical health is measured using the Global Activity Limitation Indi
cator (GALI) with three severity levels. The distributions of these three 
indicators, along with the newly generated score, are presented in 
Table 1. Women report poorer general health than men. Nearly half of 
the sample reports having two or more chronic diseases and this is 
significantly more marked in women. Finally, women are significantly 
more likely than men to report limitations, whether moderate or severe.

The score is generated using a generalized structural equation model 
where each of the health outcomes is modelized as an ordered logit and 
the health score is predicted as a latent variable in a post-estimation 
(Lazarevič, 2023). Regression results are available in Appendix A. 
Self-assessed health and GALI contribute equally to the score, while the 
prevalence of chronic disease contributes to a lower extent. The newly 
generated score is a continuous variable and has the advantage allowing 
the use of linear regressions model for the rest of the analysis. It has been 
standardized as a z-score, centered around 0 within a range spanning 
from − 2.04 to +2.06, corresponding to a total scale width of 4.10 points. 
Positive values indicate poorer health than the sample average and 
negative values indicate better health than the sample average. Men 
have on average a score of − 0.047, which means that they have a better 
health status than the total sample average whereas women have on 
average a score of 0.055, which is below the sample average. Observed 
differences in the health score between men and women are significant.

We graphically represented the distribution of the health score 
overall (Fig. 1), and in men and women samples respectively (Fig. 2). 
The distribution of the health score in men is more dispersed than in 
women. Because the average health score of women is lower than men, a 
larger proportion of women cluster around this lower average. In 
contrast, men exhibit greater variability with scores spread more widely 
across the range. Overall women have poorer health but demonstrate 
fewer extreme values.

Table 1 
Distribution of self-assessed health, prevalence of chronic diseases and GALI in 
the pooled sample across Europe, and in the pooled sample of men and of women 
in Europe.

Total Women Men Difference 
between gender

Proportion 
(SE)

Proportion 
(SE)

Proportion 
(SE)

Self-assessed health
Excellent 7% (0.255) 7% (0.248) 7% (0.263) − 0.009**
Very good 17% (0.374) 16% (0.369) 18% (0.381) − 0.015**
Good 36% (0.481) 35% (0.478) 38% (0.484) − 0.023***
Fair 30% (0.458) 31% (0.464) 28% (0.450) 0.032***
Poor 10% (0.298) 10% (0.306) 9% (0.287) 0.014***
Prevalence of chronic diseases
No chronic 

diseases
23% (0.418) 22% (0.413) 24% (0.425) − 0.010***

1 chronic 
disease

29% (0.453) 28% (0.449) 30% (0.459) − 0.021***

2 or more 
chronic 
diseases

48% (0.500) 50% (0.500) 46% (0.499) 0.040***

Global Activity Limitation Indicator
Not limited 52% (0.499) 50% (0.500) 55% (0.497) − 0.050***
Limited but 

not severely
32% (0.467) 33% (0.471) 30% (0.460) 0.029***

Severely 
limited

16% (0.363) 16% (0.371) 14% (0.351) 0.020***

Generated health score
Average (SD) 0.011 (1.00) 0.055 (1.00) − 0.047 

(0.98)
​

(Min; Max) (-2.04; 2.06) (-2.04; 2.06) (-2.04; 2.06) ​

Standard errors in parentheses ***p < 0.001, **p < 0.01, *p < 0.05.
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3.2. Health-related lifestyles

Effort is proxied with two health-related lifestyles collected as part of 
the survey: self-reported frequency of physical exercise and self-reported 
frequency of eating fruits and vegetables. While physical activities were 
collected across three consecutive waves of the survey waves 4, 5 and 6, 
fruits and vegetables intake was only collected at wave 5.

Individuals reported how often they engaged with sports and activ
ities considered as vigorous using four possible answers: ‘More than once 
a week’, ‘Once a week’, ‘One to three times a month’ and ‘Hardly ever, or 
never’. Accounting for repeated observations, we constructed a three- 
category ordered variable for physical activities: ‘Exercising more than 
once a week for at least 2 waves’, ‘Hardly or ever exercising for at least 2 
waves’ and a middle category capturing all remaining patterns, which 
we labelled ‘Mid-level exercising’. A majority of individuals engage in a 
mid-level exercising for at least 2 waves and this applies to both women 
and men (Table 2). However, a higher proportion of men exercise 
significantly more than once a week for at least 2 waves compared to 
women.

Individuals reported how often they had a serving of fruits and/or 
vegetables with the possible answers: ‘Every day’, ‘3-6 times a week’, 
‘Twice a week’, ‘Once a week’ and ‘Less than once a week’. We collapsed 
the 5-categories variable into 3-categories as follows ‘Every day’, ‘3-6 
times a week’ and ‘Almost never’ which includes the following options: 
‘Twice a week’, ‘Once a week’ and ‘Less than once a week’. A majority of 
individuals (almost 4 individuals out of 5) report eating fruits and 
vegetables everyday; in women, the proportion reaches 82% against 
72% in men; these differences are significant (Table 2).

Physical exercise and fruits and vegetables intake are inversely 
correlated (rho = − 0.0268, p < 0.001). Individuals who tend to exercise 
more frequently, eat fruits and vegetables less frequently; still, the cor
relation is relatively small and negligible.

3.3. Family socio-economic background

Building upon prior empirical literature (Rosa Dias, 2009, 2010; 
Trannoy et al., 2010), we consider a large vector of variables to measure 
circumstances during childhood that are expected to be associated with 
the health status. This vector covers several socioeconomic and health 
dimensions. It is measured with self-reported information in the 
SHARELIFE survey collected in 2008-2009 and 2017 where respondents 
were asked to report information about their family conditions.

Social conditions include six different variables: mother's and father's 
education level, occupation of the household head, household's financial 
status and the number of books in the house. Parents’ level of education 
is measured using the International Standard Classification of Education 
(ISCED), which allows for comparisons between countries using a uni
form international classification. Education is classified into three levels: 
education at kindergarten level classified as ‘no education’, primary and 
lower secondary education classified as ‘low education’, and education 
from secondary to tertiary education classified as ‘medium or high ed
ucation’. We note a higher proportion of fathers with a medium or high 
level of education (37%) than mothers (22%), who predominantly had a 
low education (more than 50%) (Table 3). Occupation of the household 
heads follows the International Standard Classification of Occupations 
classification (ISCO-08), and divides occupations into six categories: 
‘senior managers and professionals’, ‘technicians and associate 

Fig. 1. Distribution of the health z-score in the pooled sample across Europe.

Fig. 2. Distribution of the health z-score in the pooled sample of women (on the left) and of men (on the right) in Europe.

Table 2 
Distribution of self-reported frequency of engaging in physical activity and 
frequency of eating fruits and vegetables in the pooled sample across Europe, in 
the pooled sample of women and the pooled sample of men.

Frequency of 
vigorous physical 
exercise

Total Women Men Difference 
between 
genderProportion 

(SE)
Proportion 
(SE)

Proportion 
(SE)

More than once a 
week for at 
least 2 waves

29% (0.451) 25% 
(0.430)

34% (0.473) − 0.093***

Mid-level 
exercising

38% (0.485) 38% 
(0.484)

38% (0.487) − 0.008

Hardly or ever 
exercising for 
at least 2 waves

34% (0.472) 38% 
(0.485)

28% (0.448) 0.102***

Frequency of fruits and vegetables intake
Daily 78% (0.416) 82% 

(0.386)
72% (0.447) 0.094***

3-6 times a week 16% (0.365) 13% 
(0.341)

19% (0.393) − 0.057***

Almost never 6% (0.244) 5% (0.213) 8% (0.278) − 0.037***

Spearman 
correlation 
(rho)

− 0.0278*** − 0.0200* − 0.0476*** ​

Standard errors in parentheses ***p < 0.001, **p < 0.01, *p < 0.05.
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professionals and armed forces’, ‘clerical, service and sales workers’, 
‘skilled agricultural and fishery workers’, ‘craftsmen and skilled 
workers’, ‘elementary occupations and unskilled workers’. One fifth of 
the household heads were craftsmen and skilled workers; 8% of the 
heads were then technicians, associate professionals and armed forces. 
For a large proportion of the sample (17%), the occupation of the 
household head is missing. Respondents were asked to report their 
family financial situation during childhood before the age of 16 years 
old on a 4-categories scale including: ‘pretty well off financially’, ‘about 
average’, ‘poor’ or ‘it varied’. More than 60% of the respondents re
ported that their family's financial situation was about average. Finally, 
respondents were also asked about the number of books they had at 
home when they were 10 years old; four response categories were pro
posed ranging from ‘none or very few (0-10 books)’ to ‘enough to fill two 
or more libraries (101+ books)’. One third of the respondents reported 
having ‘none or very few books at home’. We consider access to books as 
a proxy of cultural capital. According to Bourdieu's theory, access to 
books in the household during childhood serves as a proxy for cultural 
capital. This reflects an intergenerational transmission of objectified 
cultural capital, which can enhance the likelihood of success later in life. 
(Bourdieu, 1986; Bourdieu and Passeron, 1990). This circumstance is 
not gender-specific; rather, it is a common factor alongside parents' 
education, the head of household's occupation, and the family's financial 
situation.

Relationship with parents is measured using the question ‘Did your 
father/mother ever push, grab, shove, throw anything at you, slap or hit 
you?’ with four possible answers ‘often’, ‘sometimes’, ‘rarely’, and 
‘never’. Individuals reported being more frequently harmed by their 
mother (17%) than their father (14%).

Parental health is measured using information on whether or not the 
parent is alive at the time of the survey; we considered reports at wave 6. 
If the parent is not alive, the respondent reported their age at death. 
Using a country-specific median age at death for mothers and fathers, 
respectively, we generated a discrete variable to assess whether the 
parent died at a premature age i.e, dying strictly younger than the 

Table 3 
Distribution of the vector of circumstances in the pooled sample across Europe, 
in the sample of women and in the sample of men.

Total 
sample 
% (SD)

Women 
% (SD)

Men 
% (SD)

Difference 
between gender

Mother's education
High-medium education 22% 

(0.417)
23% 
(0.421)

21% 
(0.411)

0.016**

Low education 55% 
(0.497)

55% 
(0.497)

56% 
0.497)

− 0.006

No education 21% 
(0.406)

20% 
(0.404)

21% 
(0.409)

− 0.008

Unknown 2% 
(0.122)

1% 
(0.118)

2% 
(0.126)

− 0.002

Father's education
High-medium education 37% 

(0.483)
37% 
(0.482)

37% 
(0.484)

− 0.007

Low education 41% 
(0.492)

41% 
(0.492)

41% 
(0.491)

0.006

No education 18% 
(0.386)

18% 
(0.384)

19% 
(0.389)

− 0.006

Unknown 4% 
(0.193)

4% 
(0.200)

3% 
(0.183)

0.006**

Household head
Head - Managers and 

professionals
12% 
(0.320)

12% 
(0.320)

12% 
(0.320)

− 0.001

Head - technicians, 
associate prof. armed 
forces

8% 
(0.264)

8% 
(0.266)

7% 
(0.262)

0.002

Head - office clerks, 
service and sales 
workers

10% 
(0.303)

10% 
(0.306)

10% 
(0.299)

0.005

Head - skilled 
agricultural and 
fishery workers

17% 
(0.373)

17% 
(0.372)

17% 
(0.374)

− 0.002

Head - craftsmen and 
skilled workers

21% 
(0.404)

20% 
(0.400)

21% 
(0.409)

− 0.12**

Head - elementary 
occup., unskilled 
workers

17% 
(0.373)

17% 
(0.378)

16% 
(0.367)

0.012**

Head – None 17% 
(0.373)

16% 
(0.371)

17% 
(0.375)

− 0.005

Family's finance
Pretty well-off family 11% 

(0.311)
11% 
(0.312)

11% 
(0.310)

0.002

About average family 60% 
(0.491)

59% 
(0.491)

60% 
(0.490)

− 0.004

Poor or varied family 25% 
(0.432)

25% 
(0.434)

25% 
(0.431)

0.005

Unknown financial 
situation

5% 
(0.208)

4% 
(0.206)

5% 
(0.211)

− 0.003

Number of books in the household during childhood
2+ bookcases (101+

books)
17% 
(0.373)

17% 
(0.379)

16% 
(0.364)

0.016***

One bookcase (26-100 
books)

25% 
(0.434)

25% 
(0.433)

25% 
(0.436)

− 0.005

One shelf (11-25 books) 24% 
(0.426)

24% 
(0.426)

24% 
(0.427)

− 0.002

None or very few (0-10 
books)

33% 
(0.468)

32% 
(0.467)

33% 
(0.470)

− 0.007

Unknown 2% 
(0.131)

2% 
(0.127)

2% 
(0.137)

− 0.003

Mother harming
Mother often or 

sometimes harming
17% 
(0.375)

17% 
(0.372)

17% 
(0.380)

− 0.009*

Mother rarely harming 21% 
(0.408)

20% 
(0.399)

23% 
(0.420)

− 0.030***

Mother never harming 59% 
(0.492)

61% 
(0.488)

56% 
(0.497)

0.051***

Unknown 3% 
(0.177)

3% 
(0.163)

4% 
(0.193)

− 0.011***

Father harming
Father often or 

sometimes harming
14% 
(0.344)

10% 
(0.306)

18% 
(0.386)

− 0.078***

Father rarely harming 21% 
(0.408)

18% 
(0.382)

26% 
(0.436)

− 0.079***

Table 3 (continued )

Total 
sample 
% (SD) 

Women 
% (SD) 

Men 
% (SD) 

Difference 
between gender

Father never harming 58% 
(0.493)

65% 
(0.476)

49% 
(0.500)

0.163***

Unknown 7% 
(0.251)

6% 
(0.246)

7% 
(0.257)

− 0.007**

Mother's health
Mother alive 17% 

(0.376)
18% 
(0.380)

16% 
(0.369)

0.012**

Mother: died normal age 44% 
(0.496)

43% 
(0.495)

45% 
(0.497)

− 0.016**

Mother: premature 
death

39% 
(0.489)

40% 
(0.489)

39% 
(0.488)

0.004

Father's health
Father alive 6% 

(0.241)
6% 
(0.243)

6% 
(0.239)

0.002

Father: died normal age 49% 
(0.500)

49% 
(0.500)

50% 
(0.500)

− 0.012*

Father: premature death 45% 
(0.497)

45% 
(498)

44% 
(0.496)

0.010*

Child's health status
Excellent childhood 

health
27% 
(0.446)

26% 
(0.439)

29% 
(0.454)

− 0.031***

Very good childhood 
health

30% 
(0.459)

30% 
(0.458)

30% 
(0.459)

− 0.002

Good childhood health 29% 
(0.453)

29% 
(0.456)

28% 
(0.449)

0.013**

Fair/Poor/Uncertain 
childhood health

13% 
(0.337)

14% 
(0.348)

12% 
(0.321)

0.024***

Unknown <1% 
(0.084)

<1% 
(0.073)

<1% 
(0.096)

− 0.004***

Standard errors in parentheses ***p < 0.001, **p < 0.01, *p < 0.05.
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national median age at death or not. When individuals reported that 
their mother or father died but could not remember their age of death or 
did not want to say, we imputed the missing value by the national me
dian age at the death for fathers or mothers. We thus have a parental 
health status variable in three categories for both parents: being alive at 
the time of the survey, having died at a normal age, having died pre
maturely. The proportion of fathers who are still alive at the time of the 
survey is lower than the proportion of mothers (6% compared to 17%). 
There is also a higher proportion of fathers who died prematurely 
compared to mothers (45% compared to 39%).

Respondent's health status during childhood is measured using retro
spective self-reported health status during their childhood up to the age 
of 15, using five categories: ‘excellent’, ‘very good’, ‘good’, ‘fair, poor or 
it varied’, ‘unknown’. Regardless of gender, most individuals reported 
having a health status between good and excellent during their 
childhood.

While most circumstances were similar in the women and men 
samples, relationship with parents and parental health showed signifi
cant differences. These observed differences motivate the use of inter
acted terms for circumstances variables with gender in the regression 
(Model 7).

4. Results

4.1. Results of the general health production regressions

The results of the linear regression models of the health score are 
presented in Table 4. Seven different models are reported: Model 1 does 
not include any health-related lifestyles, Model 2 and 3 respectively 
consider physical activity and fruits and vegetables intake, Models 4 and 
5 include interacted terms of each health-related lifestyles with gender 
and finally Model 6 includes both health-related lifestyles and their 
respective interacted terms with gender while Model 7 adds interaction 
terms between circumstances and gender. The health score is con
structed so that the higher the score, the poorer the health.

Miller and Rodgers (2008) highlight the importance of distinguish
ing statistical significance from economic significance: a coefficient can 
be statistically significant yet too small to warrant attention from a 
policy or public health perspective. “The underlying modes are intended to 
identify factors that could be used to influence outcomes such as employment, 
wages, economic growth, or health” (Miller and Rodgers, 2008). Therefore, 
interpretation of results should consider not only statistical evidence but 
also the substantive size of the association in the context of the out
come's scale.

Across all model specifications, higher age categories are consis
tently associated with poorer health. As a summary, less favorable 
family socio-economic background (lower parental education, less 
skilled head of the household, less available books at home when 10 
years old, lower family financial situation, more harmful parents, lower 
health status as a child and lower parents’ health) are associated to a 
poorer adult health.

Focusing on the association between gender and health status, Model 
1 shows that men report significantly better health than women, with a 
0.08 point lower health score. In Model 2, incorporating physical ac
tivity, ‘ever or hardly ever’ exercising for at least two waves compared 
with exercising ‘more than once a week’, is associated with a substan
tially poorer health score (β = 0.44), with a clear gradient across 
physical activity categories. The association between health and being a 
man decreases in magnitude once physical activity is included, indi
cating that exercising accounts for part of the gender difference in 
health. Model 3 adds fruits and vegetables intake and shows that 
consuming fruits and vegetables less frequently than daily is associated 
with poorer health, again showing a graded pattern between health and 
fruits and vegetables intake. The gender coefficient remains significant 
and similar to Model 1, suggesting that healthy eating explains little of 
the observed gender gap relative to physical activity. In Model 2, hardly Ta
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or ever engaging in physical activity (compared to having a mid-level 
exercise frequency over two waves) is associated with an increase of 
0.44 points in the health score. This corresponds to approximately 
10,73% of the total health scale, indicating a substantial and practically 
meaningful association. Such a result suggests a notable deterioration of 
health associated with physical inactivity. In contrast, the coefficient for 
gender in Model 1 is − 0.08, which, while statistically significant, rep
resents less than 2% of the health scale range. The magnitude of the 
association is relatively small, raising questions about its relevance in 
terms of health disparities between men and women.

Models 4 and 5 include interaction terms to further assess whether 
health-related behaviours moderate the association between gender and 
health. In Model 4, the interaction between gender and physical activity 
is positive and statistically significant, although smaller in magnitude 
than the main association with physical exercise. This indicates that low 
levels of physical exercise are more strongly associated with poor health 
among men than among women. In other words, women's health ap
pears to be less sensitive to the lack of physical activity compared to 
men. In Model 5, the interaction between gender and fruits and vege
tables intake is negative and significant, with a magnitude comparable 
to that of the main association between fruits and vegetables intake on 
health. This suggests that men gain more health benefits from frequent 
consumption of fruits and vegetables than women. In Model 6, which 
simultaneously incorporates both lifestyle behaviours and childhood 
circumstances, the coefficient for being a man remains negative and 
significant, indicating that men have better health than women even 
after accounting for lifestyle differences.

Finally, Model 7 includes interaction terms between gender and 
circumstances. Once these interactions are included, the main associa
tion with gender is no longer significant, suggesting that this specifica
tion absorbs the remaining gender-related differences in health status.

Returning to our model hypotheses: (1) lifestyle factors yield 

different health returns for women and men (αg ∕= αw ∕= αm); (2) 
inequality of opportunity also differs across gender (βg ∕= βw ∕= βm ∕= 0) 
and (3) age-related health depreciation varies between women and men 
(δw ∕= δm). The general health demand model therefore differs for 
women and men. Both the level of health capital transmitted at birth and 
the rate at which health declines over the life course vary by gender.

Concerning the R-squared of the different models, we reach an 
explanatory power of up to 27.2% of health differences across our 
sample in the final model where all variables and all interaction terms 
are included. The R-squared for Model 2 that includes physical exercise 
is 26.8%, and is higher than the one where fruits and vegetables intake is 
included. Physical exercise therefore appears to explain more health 
inequalities among individuals than fruits and vegetables intake does.

4.2. Results Shapley decomposition

The decomposition in Fig. 3 shows that the most significant contri
butions to health inequalities in our total sample are circumstances 
(31.8%), followed by frequency of physical activity (28.9%), country of 
residence (22.7%), age (15.0%), fruits and vegetables intake (1.2%), and 
finally, the smallest contribution is gender (0.5%).

For health inequalities among women in our sample, the most sig
nificant contributors are circumstances (35.2%), followed by frequency 
of physical activity (25.9%), country of residence (18.6%), age (18.4%) 
and, finally, fruits and vegetables intake (1.9%).

If we now look at health inequalities among men, the primary 
contribution is the frequency of physical activity (32.2%), followed by 
country of residence (28.7%), circumstances (27.9%), age (10.5%), and 
finally, fruits and vegetables intake (0.8%).

Fig. 3. – Shapley decomposition of health inequality by gender within Europe.
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4.3. Robustness checks

We conducted four sets of robustness checks to further validate our 
results.

As a primary robustness check, we considered efforts observed only 
prior to the health outcome to prevent possible reverse causality. When 
physical activity data is limited to waves 4 and 5, results are consistent 
with the main findings: individuals who hardly or never exercised for at 
least two waves are associated to have poorer health compared to those 
with moderate exercise, and those who exercised more than once a week 
for two waves are associated to have better health. Examining interac
tion terms, being a man and exercising rarely for at least two waves is 
linked to poorer health than being a woman and exercising rarely for the 
same period. Additionally, the magnitude of these coefficients is also 
similar to the results including effort in wave 6.

As a secondary robustness check, we examined more commonly used 
effort variables in previous research including smoking prevalence and 
BMI as measured in wave 5. Findings show that smoking prevalence and 
having a BMI outside the healthy range of 18 to 25 are linked to poorer 
health. Interaction terms between smoking and gender are not statisti
cally significant. Regarding BMI, being a man and having a BMI outside 
the healthy range is associated to a less poor health than for women with 
the same BMI. The Shapley decomposition reveals that smoking ac
counts for less than 1% of health differences both overall and within 
genders. BMI explains about 6% of health variation in the total sample 
and 9% within women. These figures are substantially lower than the 
contribution of physical exercise.

As a third robustness check, we accounted for the correlation be
tween effort and circumstances (Roemer, 1998; Jusot et al., 2013), by 
regressing effort onto circumstances and using estimated residuals as 
measures of pure efforts. Models’ coefficients and standard deviations 
remained similar. As expected, the Shapley decomposition displayed a 
higher contribution of circumstances and a lower contribution of efforts 
to health differences, however physical activity remained the second 
most important factor.

Finally, as a fourth robustness check, we accounted for the varying 
contexts of access to sports and nutrition across different countries 
dividing the 12 countries in the study into four groups using the Gender 
Equality Index following Bigorne et al. (2023). Since our focus is on 
gender differences, grouping countries by their level of gender 
inequality appeared relevant. Countries were divided into four groups; 
higher scores indicating lower gender inequalities. The 2025 index and 
the EU average of 63.4 were used. Group 1 includes Sweden (73.3), 
France (73.4), and Denmark (71.8). Group 2 features Spain (70.9), 
Belgium (68.5), and Luxembourg (63.9). Group 3 comprises Germany 
(63.2), Italy (61.9), and Austria (61.2). Group 4 contains Estonia (59.4), 
Slovenia (58), and Czech Republic (53.2). All results go in the same 
direction: exercising is linked to poorer health, while exercising more 
than once weekly over two waves correlates with better health 
compared to moderate exercise. Consuming fruits and vegetables less 
than daily is also associated with poorer health across all groups. 
Interaction terms exhibit a lower significance likely due to smaller 
sample sizes. Results remain consistent with our conclusions and the 
categorization of countries by political context does not alter the di
rections of our results.

5. Discussion

Our findings show that coming from a disadvantaged socio-economic 
background and being a woman are associated with poorer health status 
beyond the age of 50. Less healthy lifestyles, such as insufficient physical 
exercise and a lack of fruits and vegetables intake, are associated to 
poorer health status.

First, when taking into account the interacted terms between gender 
and circumstances, the results show the association between gender and 
health is no longer statistically significant. This suggests that 

disadvantaged circumstances remain a major determinant of health 
differences relative to lifestyle behaviours, gender, age and country of 
residence.

Second, interaction terms indicate that sedentary behaviours are 
associated with slightly poorer health among men than among women, 
whereas women who consume fruits and vegetables less frequently have 
slightly poorer health than men. These findings point to gender differ
ences in the returns to health-related investments, suggesting that 
engaging in the same health behaviours does not yield equivalent health 
outcomes for women and men. From a normative perspective, women 
and men receive different health returns for identical lifestyles. Our 
results are in line with Chen et al. (2025), who found that women need 
to exercise less than men to achieve the same level of health benefits. 
Our results therefore confirm, using survey data and an empirical health 
economics approach, the findings of this epidemiological study. Lau 
(2025) discussed the results from Chen and colleagues and highlighted 
the importance of providing sex- and gender-specific physical activity 
recommendations. Such differentiated recommendations have already 
proved their relevance in cardiovascular diseases (CVD) research, where 
enhanced understanding of sex-specific pathophysiology in coronary 
atherosclerosis among women has been shown to reduce the risk of CVD 
in women by up to 30% (Aggarwal et al., 2018). As CVDs are the leading 
cause of death among women, the report from the Lancet Women and 
Cardiovascular Disease Commission raised awareness of the lack of sex- 
and gender-specific research on CVD and emphasized the importance of 
developing sex- and gender-specific policies to reduce global burden by 
2030 (Vogel et al., 2021).

Finally, the inequality decomposition within the total sample relates 
to previous research on inequality of opportunity in health where cir
cumstances were identified as the main contributor of health in
equalities, representing up to 45% of the observed differences (Jusot 
et al., 2013). With regard to effort however, previous research found 
that its contribution was small (around 7%), whereas our findings show 
that physical exercise explains 29% of the variance in health. While 
Jusot et al. (2013) used BMI, fruits and vegetables intake and smoking as 
measures of effort, our results suggest physical exercise is a major 
contributor of health inequalities. This pattern holds for both women 
and men, and among men, physical activity appears to be an even more 
important contributor than circumstances. However, the large contri
bution of effort should be interpreted with caution, as we were unable to 
account for constraints imposed by the living environment. Access to 
safe spaces for exercise, sports facilities, or affordable sources of healthy 
food may vary substantially across individuals, meaning that similar 
levels of effort may not translate into the same opportunities to adopt 
healthy lifestyles. To the extent that health behaviours are conditioned 
by the local living environment, the estimated contribution of effort may 
partly capture unequal opportunities rather than purely individual 
choices. Nevertheless, such constraints are unlikely to differ systemati
cally between men and women. Circumstances therefore remain a large 
contributor to health inequalities especially among women, which is 
consistent with previous research (Bigorne et al., 2023).

The greater contribution of age among women than in men may be 
explained by women living longer and experiencing poorer health status 
in their late life (Case and Paxson, 2005).

Our results support previous recommendations calling for sex- and 
gender-specific prevention policies to improve the health of the popu
lation. Such policies should encourage healthy behaviours differently 
according to gender. We also highlight the importance of incorporating 
sex and gender into further research on inequality of opportunity in 
health, in order to improve the relevance of findings and contribute to 
achieving health equality between women and men.
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is funding Alexia’s PhD (FSR 2021). They would like to thank members 
of Alexia's PhD steering committee, Florence Degavre, Florence Jusot, 
Sophie Thunus and Alain Loute for their important insights and guid
ance throughout the making of the research. They are also grateful for 
comments from ECHIL members, namely Joséphine Aikpitanyi, Cossi 
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Appendix 

Appendix A 
Generalized structural equation model

Coefficient Std. err. z P > z [95% conf. interval]

Self-assessed health 1 (constrained)
GALI 1.026068 0.0375294 27.34 0 0.9525117 1.099624
Prevalence chronic disease 0.5750257 0.0160567 35.81 0 0.5435552 0.6064962
Self-assessed health
cut1 − 4.680627 0.0716803 ​ ​ − 4.821117 − 4.540136
cut2 − 2.26837 0.0407259 ​ ​ − 2.348192 − 2.188549
cut3 0.7782335 0.0271257 ​ ​ 0.7250681 0.8313988
cut4 4.095901 0.0649891 ​ ​ 3.968524 4.223277
GALI
cut1 0.1899962 0.0254917 ​ ​ 0.1400333 0.239959
cut2 3.272124 0.0571389 ​ ​ 3.160134 3.384114
Prevalence chronic disease
cut1 − 1.702951 0.0229571 ​ ​ − 1.747946 − 1.657955
cut2 0.1006792 0.0177504 ​ ​ 0.065889 0.1354694

var(Health) 6.913691 0.2800914 ​ ​ 6.385951 7.485044

Data availability

Data will be made available on request.
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