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Background: Persons with a lower socioeconomic position spend more years with disability, despite their shorter
life expectancy, but it is unknown what the important determinants are. This study aimed to quantify the con-
tribution to educational inequalities in years with disability of eight risk factors: father’s manual occupation, low
income, few social contacts, smoking, high alcohol consumption, high body-weight, low physical exercise and low
fruit and vegetable consumption. Methods: We collected register-based mortality and survey-based disability and
risk factor data from 15 European countries covering the period 2010–14 for most countries. We calculated years
with disability between the ages of 35 and 80 by education and gender using the Sullivan method, and deter-
mined the hypothetical effect of changing the prevalence of each risk factor to the prevalence observed among
high educated (‘upward levelling scenario’), using Population Attributable Fractions. Results: Years with disability
among low educated were higher than among high educated, with a difference of 4.9 years among men and
5.5 years among women for all countries combined. Most risk factors were more prevalent among low educated.
We found the largest contributions to inequalities in years with disability for low income (men: 1.0 year; women:
1.4 year), high body-weight (men: 0.6 year; women: 1.2 year) and father’s manual occupation (men: 0.7 year;
women: 0.9 year), but contributions differed by country. The contribution of smoking was relatively small.
Conclusions: Disadvantages in material circumstances (low income), circumstances during childhood (father’s
manual occupation) and high body-weight contribute to inequalities in years with disability.
. . . .. . . .. . .. . . .. . . .. . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . . .. . . .. . .. . .

Introduction

Persons with low levels of education spend more years with dis-
ability despite their shorter life expectancy than persons with

higher levels of education.1,2 This is the net result of two opposing
effects: (i) more years with disability at the expense of fewer years
free of disability and (ii) fewer years with disability at the expense of
years lost to mortality.3 Years with disability impose an additional
societal challenge to aging populations, because persons with dis-
ability are hospitalized more often, need more medical and long-
term care and participate less in (paid) work.

In an influential article on compression of morbidity, James Fries4

postulated that avoiding smoking, physically inactivity and an un-
healthy diet would reduce the number of years with disability. Most
unhealthy behaviours are more frequent among persons with a
lower education.5 Also other factors, including poor housing con-
ditions, financial difficulty during childhood, financial strain, lack of

a social network and adverse working conditions are associated with
higher disability and the prevalence of these factors is higher among
persons with a lower education.5

A recent study examined the contribution of several of these risk
factors to educational inequalities in life expectancy, showing the
largest contribution of smoking, followed by high body-weight, and
low income.6 It is unclear whether the same factors contribute simi-
larly to inequalities in years with disability, given opposite effects of
mortality and disability on this outcome.7 Prior studies showed that
obesity8,9 and lack of physical activity10 are associated with more
years with disability, but for smoking the results are mixed.11 No
prior study did examine the contribution of risk factors on educa-
tional inequalities in years with disability.

This study aims to estimate the contribution of a broad range of
risk factors for mortality and disability, which have been shown to
be differentially distributed between low and high educated, to
inequalities in years with disability in Europe. We will include eight
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risk factors: father’s manual occupation as an indicator of condi-
tions in which persons have grown up,12,13 low income as an indi-
cator of current material living conditions,14 few social contacts as
an indicator of psychosocial conditions15 and five behavioural risk
factors, namely smoking,16 high alcohol consumption,17 high body-
weight,18 low physical activity19 and low fruit and vegetable con-
sumption.20 Together, these risk factors cover different but over-
lapping explanatory perspectives. Behavioural risk factors can be
conceptualized as being ‘downstream’ in the causal pathway between
level of education and mortality. Father’s manual occupation and
low income partly determine that lower and higher educated people
have different health-related behaviours, and should therefore be
seen as more ‘upstream’ than health-related behaviours.21 Father’s
manual occupation partly determines a person’s educational
achievement,22 and should therefore not be seen as a possible me-
diator but as a factor capturing the persistent effect of childhood
conditions on the risks of mortality and disability in later life. For
persons aged 35–80 in 15 European countries, we evaluate the hypo-
thetical effect of an ‘upward levelling’ scenario, where exposure to
each of these risk factors in all educational groups is set to the
prevalence observed among high educated.

Methods

Data

We used harmonized register-based mortality data by age, gender
and education from 15 European countries: Finland, Sweden,
Norway, Denmark (in the North of Europe), England and Wales,
the Netherlands, Belgium, Austria, Switzerland (in the West of
Europe), France, Spain (in the South of Europe), Hungary,
Poland, Lithuania and Estonia (in the East of Europe). These data
covered complete national populations, except for England and
Wales and France (1% representative samples), and the
Netherlands (65% of population covered). We used data for the
period around 2010–14, except for Sweden (2005–08), Norway
(2006–09) and France (2004–07). Most data stemmed from longi-
tudinal mortality follow-up, except for Hungary and Poland where
cross-sectional unlinked studies were used. Supplementary appendix
S1 provides details about the mortality data sources.

Data on disability and income were obtained from the European
Union Statistics on Income and Living Conditions (EU-SILC) sur-
vey. Data on other risk factors were obtained from round 7 (2014) of
the European Social Survey. This survey was designed to collect
harmonized data on inequalities in risk factors, but did not include
data on income for all countries.23 Supplementary appendix S2 gives
more information on these surveys. For EU-SILC, we pooled years
2010 and 2014, except for Sweden, Norway and France, where we
used 2005 and 2009 to better match with the mortality data. Because
EU-SILC is a rotating panel survey, we did not include intermediate
years to avoid including respondents multiple times. To assess dis-
ability, we used the Global Activity Limitation Indicator (GALI).
GALI is an indicator of participation restriction, which refers to
limitation in the performance of roles and social involvement in
activities such as work, leisure, parenting, housework and social
life.24 It was based on the question ‘For at least the past 6 months,
to what extent have you been limited because of a health problem in
activities people usually do?’ Respondents were classified as having a
disability if they responded with ‘Yes, severely’ or ‘Yes, to some
extent’. GALI is a validated and relatively accurate indicator to assess
disability,25–29 although there are some variations in wording be-
tween countries. More information on the GALI indicators is given
in the References.24,29–31

We used the following criteria for the selection of risk factors, in
addition to whether the prevalence of the risk factor has been
reported to differ between educational groups: (i) an estimate of
the relative risk of mortality and disability is available in the litera-
ture and (ii) estimates of the prevalence of the risk factor by level of

education in the 15 countries are available from internationally
harmonized surveys. These criteria resulted in the selection of eight
risk factors: father’s manual occupation, low income, few social
contacts, smoking, high alcohol consumption, high body-weight,
low physical activity and low fruit and vegetable consumption. We
could not include housing and working conditions, because of the
absence of relative risks of mortality and disability for these risk
factors as measured in the surveys. Supplementary appendix S3
provides more information about the risk factors.

The highest completed level of education was used as indicator of
socioeconomic position. Education is usually determined early in
life, therefore better avoiding problems of reverse causation than
other SEP measures32 and mortality data by education are available
for more countries than data by other SEP-indicators. Level of edu-
cation was categorized into three levels: low (ISCED 0–2), medium
(ISCED 3–4) and high (ISCED 5–6). In the presentation of the
results, we focussed on inequalities between low and high education.

Relative risks were preferably based on meta-analyses or reviews,
and if not available, we pooled results from individual studies. If
more relative risks were presented in the literature, we selected rela-
tive risks adjusted for age, gender and other risk factors that were
not on the causal pathway between the risk factor and mortality/
disability, and for adult socioeconomic position. For the mortality,
relative risks were highest for smoking (RR of 2.2), obesity (RR of
1.7) and high alcohol consumption (RR of 1.4). For disability rela-
tive risks were highest for obesity (RR of 1.8), low physical activity,
low income (both RR of 1.5) and overweight (RR of 1.4). For more
information about the relative risks of mortality and disability, see
Supplementary appendix S4.

Analyses

For each country, we estimated the contribution of each risk factor
to the inequality in years with disability by comparing years with
disability in the current situation (baseline scenario) with the coun-
terfactual situation where the prevalence of the risk factor of low
educated was set to the observed level of high educated (‘upward
levelling scenario’). The analyses were conducted for men and
women separately and restricted to ages 35–80 years, because mor-
tality data were not available for all countries below age 35 and
education becomes less reliable at higher ages.

First, we calculated for each educational group mortality rates,
disability prevalence and risk factor prevalence, by age for the base-
line scenario (no change). Restricted cubic spline models were used
to smooth the age- and education-specific prevalences.

Second, we calculated for each educational group Population
Attributable Fractions (PAFs) for mortality and disability, using
risk factor prevalence in the ith exposure category (Pi), the preva-
lence in the same category according to the upward levelling scen-
ario (P’i) and relative risks (RRi) for mortality and disability,
respectively, for each of the n categories of the risk factor.33

PAF ¼
Pn

i¼1 PiRRi �
Pn

i¼1 P0 iRRiPn
i¼1 PiRRi

:

Third, we calculated for each educational group mortality rates
and disability prevalence by age for the upward levelling scenario by
applying the PAFs to the baseline mortality rates and disability
prevalence.

Fourth, we calculated for each educational group years with dis-
ability for the baseline and upward levelling scenario using the
Sullivan method34 with the age-specific mortality rates and disability
prevalence as input. According to this method, person years at each
age are split into years with and without disability by using the
prevalence of disability.

Finally, we calculated the difference in years with disability be-
tween the baseline and upward levelling scenario. Because equalizing
the distribution of risk factors does not affect high educated, the
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difference for low educated equals the reduction in inequality be-
tween low and high educated.

In all graphs and tables, we present a European average, calculated
as population-weighted average of the values for each country in our
study. All 95% confidence intervals (95% CIs) were determined with
bootstrapping (1000 samples), taking into account uncertainty
regarding mortality, disability and risk factors.

Results

Inequalities in years with disability and prevalence of
risk factors

Years with disability between the ages of 35 and 80 vary by country,
gender and educational level (table 1 and Supplementary appendix
S5). For all countries combined, low educated men spend 12.3 (95%
CI 12.1–12.6) years with disability, varying between 9.5 (95% CI

8.3–10.4) years in Sweden and 19.1 (95% CI 17.9–20.2) years in
Austria. High educated men spend fewer years with disability, name-
ly 7.4 (95% CI 7.1–7.6) years for the European average and varying
between 3.8 (95% CI 3.2–4.5) years in Norway and 12.6 (95% CI
11.8–13.5) years in Estonia. The inequalities in years with disability
between low and high educated men are on average 4.9 (95% CI
4.7–5.2) years, varying between 2.0 (95% CI 1.0–3.6) years in
Denmark and 8.2 (95% CI 7.0–9.4) years in Austria. For all coun-
tries combined, low educated women spend 15.0 (95% CI 14.7–
15.2) years with disability, varying between 13.6 (95% CI 13.1–
14.0) years in France and 20.7 (95% CI 19.5–22.7) years in
Estonia. High educated women spend on average 9.4 years with dis-
ability between the ages of 35 and 80 (95% CI 9.2–9.7), ranging
between 7.6 (95% CI 6.7–8.5) years in Norway and 13.7 (95% CI
13.1–14.4) years in Finland. The inequality in years with disability
between low and high educated women is 5.5 (95% CI 5.3–5.7) years
difference in favour of high educated, ranging between 1.2 (95% CI
0.0–2.9) year for Denmark and 9.3 (95% CI 8.7–9.9) years for
Hungary.

Educational inequalities in prevalence of the risk factors are
shown in figure 1 (more extensive data and figures in colour are
shown in Supplementary appendix S6). Most risk factors are more
prevalent among low than among high educated, but there are some
exceptions, e.g. with small or opposite gradients for high alcohol
consumption and low physical activity. The largest inequalities are
found for low income (with prevalence ratios often exceeding 3.0)
and smoking.

Estimated effect of ‘upward levelling’

Table 2 (average of all countries), figure 2 and Supplementary ap-
pendix S7 (both by country) present the absolute change in years
with disability among low educated obtained through changing their
exposure to that of high educated (‘upward levelling scenario’). For
all countries combined, among men the largest change is seen for
low income (1.00 year; 95% CI 0.96–1.05). Upward levelling of low
income thus reduces years with disability among low educated men
with 1.0 year. It also reduces the inequality between low and high
educated men with 1.0 year, because high educated are unaffected by
the upward levelling scenario. After income, father’s manual occu-
pation (0.70 year; 95% CI 0.68–0.71) and high body-weight
(0.64 year; 95% CI 0.44–0.81) contribute most. For women, the
largest effect is seen for low income (1.42 year; 95% CI 1.36–1.49),
followed by high body-weight (1.19 years; 95% CI 0.83–1.48) and
father’s manual occupation (0.86 year; 95% CI 0.84–0.88). The
effects for the other risk factors are <0.5 year.

For most countries, similar to the European average, upward
levelling of low income shows the largest effect. The effects for
low income are larger in the East of Europe, particularly for women
exceeding 2 years in Hungary and Poland, and smaller in Sweden,
Denmark and Norway (men). In some countries, high body-weight
shows larger effects of upward levelling than low income, for in-
stance Sweden, Denmark, Austria (men), France (women), Spain
(women) and the Netherlands (women).

Discussion

Between the age of 35 and 80 for all countries combined, low edu-
cated men and women spend 4.9 and 5.5 years more with disability
than their high educated peers. This study assessed the contribution
of 8 risk factors to these inequalities, showing largest contributions
for low income (for all countries combined: 1.0 year in men and
1.4 year in women), high body-weight (0.6 and 1.2 years) and
father’s manual occupation (0.7 and 0.9 years), but contributions
differed by country. The effect of smoking is relatively small (0.17
and 0.19).

Risk factors contributing the most to inequalities in years with
disability only partly overlap with those contributing the most to

Table 1 Educational inequalities in years with disability between
ages 35 and 80 (in years)

Years with disability Inequalitya

between

low and high

educated

(95% CI)

Low Med High

Men

North

Finland 13.9 12.9 9.9 4.0 (3.0, 5.0)

Sweden 9.5 8.0 4.9 4.6 (3.7, 5.8)

Norway 10.4 7.9 3.8 6.6 (5.3, 7.7)

Denmark 11.4 10.7 9.4 2.0 (1.0, 3.6)

West

England/Wales 13.0 9.7 7.5 5.5 (4.8, 6.1)

the Netherlands 13.4 11.2 8.9 4.5 (3.3, 5.5)

Belgium 13.6 8.9 6.2 7.3 (6.6, 8.2)

Austria 19.1 14.0 10.9 8.2 (7.0, 9.4)

Switzerland 13.4 10.2 8.1 5.3 (3.4, 7.2)

South

France 11.2 9.3 6.3 4.9 (4.3, 5.4)

Spain 11.2 9.0 7.0 4.1 (3.9, 4.4)

East

Hungary 13.8 11.9 8.6 5.2 (4.5, 5.8)

Poland 12.2 10.8 8.0 4.2 (3.5, 5.0)

Lithuania 11.9 9.1 6.9 5.0 (3.4, 6.7)

Estonia 16.2 13.9 12.6 3.7 (2.4, 4.6)

European meanb 12.3 9.9 7.4 4.9 (4.7, 5.2)

Women

North

Finland 16.2 16.4 13.7 2.5 (1.4, 3.8)

Sweden 14.0 11.3 8.8 5.1 (3.2, 6.6)

Norway 14.8 10.2 7.6 7.2 (5.8, 8.5)

Denmark 13.7 13.1 12.6 1.2 (0.0, 2.9)

West

England/Wales 14.4 10.5 9.2 5.2 (4.5, 5.8)

the Netherlands 17.5 14.9 11.5 6.0 (5.1, 7.1)

Belgium 16.8 12.0 9.0 7.9 (7.2, 8.7)

Austria 19.3 14.7 12.5 6.8 (6.0, 7.7)

Switzerland 13.8 12.0 12.4 1.4 (0.2, 2.7)

South

France 13.6 10.8 8.5 5.1 (4.8, 5.7)

Spain 14.5 10.0 8.1 6.4 (6.1, 6.6)

East

Hungary 18.8 13.3 9.5 9.3 (8.7, 9.9)

Poland 15.2 12.8 10.2 5.1 (4.1, 5.6)

Lithuania 16.6 13.3 7.8 8.8 (6.1, 10.7)

Estonia 20.7 17.6 12.9 7.8 (5.8, 9.0)

European meanb 15.0 11.6 9.4 5.5 (5.3, 5.8)

a: Low-high.
b: Population-weighted means of all European countries in the

analysis.
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inequalities in life expectancy.6 Smoking was the most important
contributor to inequalities in life expectancy, followed by low in-
come and high body-weight. Our study showed that smoking con-
tributed little to inequalities in years with disability. We found larger
contributions of father’s manual occupation, low income and high
body-weight than for smoking. These factors are more strongly
associated with disability than with mortality, as is reflected in the
relative risks derived from literature.

For a large contribution to inequalities in years with disability, the
prevalence of the risk factor should differ substantially between high
and low educated, the risk factor should substantially increase the
risk of disability, and this increase should be larger than for mor-
tality. Low income and smoking are both characterized by large
inequalities in prevalence between low and high educated. The com-
bination of large inequalities in prevalence and the stronger associ-
ation with disability than with mortality yields large contributions of
low income to inequalities in years with disability. The contributions
are particularly large in the East of Europe, where inequalities in
prevalence of low income are large (figure 1 and Supplementary
table S6). High body-weight and father’s manual occupation share
these characteristics, but in general to a lesser extent. That smoking
contributes little to inequalities in years with disability is mainly
because its strong association with mortality. Mortality largely

cancels out the opposite effect of increased disability associated
with smoking. This strong association with mortality explains the
large contribution of smoking to inequalities in life expectancy.

That some risk factors have a larger effect on mortality and others
on disability can be largely traced back to different diseases that are
associated with the risk factors, as well as their interaction with
environmental and personal factors.35 Smoking is known to increase
the risk of several fatal conditions, such as several cancers, e.g. lung
cancer, cardiovascular diseases and respiratory diseases. These dis-
eases contribute largely to mortality but less to disability.36 High
body-weight increases the risks of musculoskeletal and mental dis-
eases. Low income increases the risk of mental diseases. These dis-
eases contribute largely to disability but less to mortality.36 Low
income may additionally impact on disability by reducing access
to (rehabilitative) care relevant for disability. Depending on the or-
ganization of the health care system and health insurance, care
related to fatal conditions may require less out-of-pocket payments
than care related to disability.

To our knowledge, there are no prior studies that examined the
contribution of risk factors to educational differences in years with
disability. One study5 assessed the contribution of several risk fac-
tors to inequalities in the prevalence of GALI disability, and showed
the important contribution of work-related factors (which could not

Figure 1 Educational inequalities in risk factors expressed as prevalence ratio, ages 35–79 years, by country and by gender

Note: Prevalence ratio >1 indicates a higher prevalence among low educated. Average ¼ population-weighted average of all European
countries in the analysis.

Table 2 Years with disability (YwD) between age 35 and 80 and effects of upward levelling, European average, by gender

Men Women

European average YwD 95% CI YwD 95% CI

Low 12.32 (12.05, 12.55) 14.96 (14.73, 15.20)

Medium 9.90 (9.90, 10.11) 11.57 (11.26, 11.74)

High 7.39 (7.12, 7.61) 9.42 (9.15, 9.72)

Differences low–high 4.92 (4.69–5.17) 5.48 (5.30, 5.71)

Upward levelling scenario Change in difference low–high ¼ change in DLE low

European average YwD 95% CI YwD 95% CI

Father manual occupation 0.70 (0.68, 0.71) 0.86 (0.84, 0.88)

Low income 1.00 (0.96, 1.05) 1.42 (1.36, 1.49)

Few social contacts 0.01 (�0.01, 0.03) 0.04 (0.02, 0.07)

Smoking 0.17 (0.10, 0.21) 0.19 (0.08, 0.31)

High alcohol �0.01 (�0.02, �0.01) 0.00 (0.00, 0.00)

High body-weight 0.64 (0.44, 0.81) 1.19 (0.83, 1.48)

Low physical activity 0.05 (�0.01, 0.11) 0.10 (�0.11, 0.22)

Low fruit and vegetables 0.25 (0.17, 0.32) 0.45 (0.31, 0.55)
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be included in our study), in addition to behavioural and living
conditions. Our study adds that some behavioural factors, such as
high body-weight, also contribute to inequalities in years with dis-
ability, but the contribution of smoking is small. Whether occupa-
tional factors contribute substantially to years with disability needs
to be examined in further research that has information on both
exposure to these occupational factors and their relative risks of
mortality and disability.

Strengths and limitations

The strength of this study is that we include a broad range of risk
factors and take into account the effects of risk factors on both
disability and mortality to assess their net contribution to inequal-
ities in years with disability. The PAF approach allowed combining
risk factor exposure data from harmonized European surveys with
relative risks from the literature where possible using meta-analyses
or reviews. Obtaining comparable estimates of the contribution to
inequalities in years with disability from longitudinal studies for
several countries is generally not possible, as they often lack the
power to allow stratification by SEP, their follow-up is too short
and multi-country cohort studies are scarce. However, the PAF ap-
proach has limitations. First, we could not include housing and
working conditions because the PAF method requires that risk fac-
tor exposure is defined and categorized similar for the relative risks
and the prevalence data. Second, for disability we were not able to
use relative risks based on reviews or meta-analyses due to unavail-
ability of studies, therefore, we averaged relative risks from individ-
ual studies if needed. For mortality, we could generally use relative
risks based on reviews or meta-analyses. Third, the relative risks of
disability were based on different disability measures and not on the
GALI indicator. Relative risks based on the GALI indicator were not
available, which is a limitation. However, prior research showed that
the GALI indicator is strongly associated with other disability meas-
ures25,28,31 used in this study. Fourth, we used the same relative risks
for all countries, education groups, ages and for both genders. One
set of relative risks for all countries may be more problematic for
disability than for mortality, as disability arises from the interplay
between impaired health and the environment.35 It may also be
more problematic for low income than for behavioural risk factors.
We expect that social security systems in different countries buffer
the impact of poverty on disability and mortality to a different ex-
tend, and less in Eastern Europe. Using the same relative risks for all
educational groups ignores that e.g. smoking is associated with
higher mortality for lower educated people than for higher educated
people.37 These biases are likely to affect the relative risks of both
mortality and disability in the same direction, the net effect on
inequalities in years with disability will be partly cancelled out.

Other limitations are that no statements can be made regarding
the duration of exposure, due to the cross-sectional assessment of
exposure in the surveys, Also, we could not take into account lag-
times before mortality and disability effects can be expected to
occur. Also, we analyzed the risk factor contributions one-by-one.
Since ‘downstream’ risk factors (i.e. high body-weight, smoking,
physical activity) are determined in part by ‘upstream’ factors like
income, or by other downstream factors (i.e. high body-weight by
diet and physical activity,) the contribution of all risk factors to-
gether may be less than the sum of the individual contributions, but
is expected to be larger than each of the contributions. Finally, cul-
tural differences, differences in reporting behaviour, differences in
exact wording of survey questions and differences in survey partici-
pation and survey years may hamper comparability between coun-
tries. The variation in the results between countries must therefore
be interpreted with caution.

The broader perspective applied in this study takes into account
effects of risk factors through mortality and disability and adds risk
factors beyond the best documented behavioural factors. The con-
tributions of the factors to inequalities in years with disability should
be seen as indications of the order of magnitude.

Conclusion and implications

Disadvantages in material circumstances (low income), circumstan-
ces in which children grow up (father’s manual occupation) and
high body-weight contributed to more years with disability among
low educated. Smoking hardly contributed to the inequality in years
with disability because higher mortality associated with smoking
reduced the time alive with disability.

Our findings suggest that policies with the aim to tackle inequal-
ities in years with disability should focus on reducing inequalities in
low income (e.g. through progressive income taxation), in high
body-weight (e.g. through health promotion programmes) and in
unfavourable circumstances during childhood (e.g. through family
support programmes).

Supplementary data

Supplementary data are available at EURPUB online.
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