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The magnitude of socioeconomic health inequalities differs across age groups. It is less
clear whether socioeconomic health inequalities differ across age groups by other factors
that are known to affect the relation between socioeconomic position and health, like the
indicator of socioeconomic position, the health outcome, gender, and as to whether socioeconomic health inequalities are measured in absolute or in relative terms. The aim is to
investigate whether absolute and relative socioeconomic health inequalities differ across
age groups by indicator of socioeconomic position, health outcome and gender.

Methods
The study sample was derived from the baseline measurement of the LifeLines Cohort
Study and consisted of 95,432 participants. Socioeconomic position was measured as educational level and household income. Physical and mental health were measured with the
RAND-36. Age concerned eleven 5-years age groups. Absolute inequalities were examined
by comparing means. Relative inequalities were examined by comparing Gini-coefficients.
Analyses were performed for both health outcomes by both educational level and household income. Analyses were performed for all age groups, and stratified by gender.

Results

Data Availability Statement: The data catalogue of
LifeLines is publicly accessible on http://www.lifelines.
net/. The LifeLines system allows access for
reproducibility of the study results.

Absolute and relative socioeconomic health inequalities differed across age groups by indicator of socioeconomic position, health outcome, and gender. Absolute inequalities were most
pronounced for mental health by household income. They were larger in younger than older
age groups. Relative inequalities were most pronounced for physical health by educational
level. Gini-coefficients were largest in young age groups and smallest in older age groups.
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Absolute and relative socioeconomic health inequalities differed cross-sectionally across
age groups by indicator of socioeconomic position, health outcome and gender.
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Researchers should critically consider the implications of choosing a specific age group, in
addition to the indicator of socioeconomic position and health outcome, as findings on
socioeconomic health inequalities may differ between them.

Introduction
Reducing health inequalities related to socioeconomic position (SEP) is a major challenge globally [1–3]. In general, people with a low SEP are at an increased risk for negative health outcomes [1]. Socioeconomic health inequalities have been found for various outcomes like
morbidity [4,5], mortality [6], and measures of physical and mental health [7,8].
SEP refers to resources and prestige linked to the social class of individuals, expressed in
indicators like education and income [9]. Education might influence health through healthrelated knowledge, literacy, skills, occupational opportunities and thereby income, while
income might influence health through the ability to purchase healthy food, live in better housing and obtain medical care [9–11]. Indicators of SEP affect health throughout the life course,
operating at different levels and through different pathways [9–11]. It is well known that indicators of SEP are not necessarily interchangeable as their associations with health outcomes
have been shown to differ [12–16].
Age is another factor that affects the magnitude of socioeconomic health inequalities. Previous studies have shown that socioeconomic health inequalities in industrialized countries tend
to be small in young adulthood, become larger in midlife, and then decrease again at older ages
[7,17–21]. Differences in socioeconomic health inequalities across age groups may be due to
aging itself but they may also be caused by differences between cohorts [17,22]. Literature suggests that age is more important in relation to health at older ages while SEP may be more
important to health at younger ages [23]. Differences in the distribution of educational level
across cohorts may affect findings on socioeconomic health inequalities as a certain educational level may have a different meaning, and thereby relation to health, across cohorts [23–
25]. In general, the educational level of younger age groups is higher than the educational level
of older age groups. For instance in the Netherlands in 2010, 83% of the 25–34 years old versus
61% of the 55–64 years old completed at least an upper secondary education [26], indicating
that cohort effects may exist. Income might be more related to age itself. Income tends to
increase from adolescence to adulthood, being highest during midlife, and then typically
decreases after retirement [27]. Individuals with a low income in early adulthood might be at
the start of their career because they have many years of schooling, implying that income
might increase in later life, whereas this is unlikely for individuals with a low income at midlife
[27,28]. A low income may thus also have a different meaning, and thereby relation to health,
across age groups.
To date, it is unclear whether socioeconomic health inequalities across age groups differ by
other factors that are known to affect the relation between SEP and health, like the indicator of
SEP, the health outcome [12–16], gender [13], and as to whether socioeconomic health
inequalities are measured in absolute terms (i.e. the difference in rates or means between socioeconomic groups for a certain outcome) or relative terms (i.e. the ratio of rates for a certain
outcome across socioeconomic groups) [29–32]. Therefore, the aim of this study is to investigate whether absolute and relative socioeconomic health inequalities differ across age groups
by indicator of SEP (education and income), health outcome (physical and mental health), and
gender in a large-scale cross-sectional sample of Dutch individuals.
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Methods
Study design and sample
The study sample was derived from the LifeLines Cohort Study [33,34]. LifeLines is a multi-disciplinary prospective population-based cohort study examining in a unique three-generation design
the health and health-related behaviors of 167,729 persons living in the North East region of the
Netherlands. It employs a broad range of investigative procedures in assessing the biomedical, sociodemographic, behavioral, physical and psychological factors which contribute to the health and disease of the general population, with a special focus on multi-morbidity and complex genetics.
Details on recruitment and data collection procedures have been described elsewhere [34].
In short, individuals were invited to participate by their general practitioner or through family
members, and there was an option to self-register. Participants filled out questionnaires and
visited one of the LifeLines research centers for a physical examination. The present study uses
data from participants who visited the LifeLines research centers between November 2006 and
March 2013 for the baseline measurement. LifeLines was conducted according to the guidelines
in the Declaration of Helsinki and all procedures involving human subjects were approved by
the Medical Ethics Committee of the University Medical Center Groningen. Written informed
consent was obtained from all participants.

Measures and procedures
The RAND-36 was used to measure physical and mental health [35]; this has been shown to
have good reliability and validity [36]. The RAND-36 contains 36 items measuring eight health
domains: physical functioning, role limitations caused by physical health problems, role limitations caused by emotional problems, social functioning, emotional well-being, energy/fatigue,
pain, and general health perceptions [35]. Each domain is scored separately from 0 to 100 with
lower scores indicating poorer health. The domain scores were standardized by linear z-score
transformation to have a mean of 50 and a standard deviation (SD) of 10 in the US general
population [37,38]. Two summary component scores, the physical component score (PCS) and
the mental component score (MCS), were constructed from these eight domains using recommended scoring algorithms, with all domains contributing to both summary scores [38]. The
PCS primarily reflects measures of physical functioning, pain, and role limitations caused by
physical health problems while the MCS primarily reflects measures of emotional well-being
and role limitations caused by emotional problems. General health perceptions, energy/fatigue,
and social functioning are reflected in both component scores [38]. The PCS and MCS were
also dichotomized into poor health (PCS/MCS <50) and good health (PCS/MCS 50).
SEP was defined by educational level and household income. Educational level was measured according to the Dutch classification for education with a single-item question regarding
the highest educational level achieved and had eight response categories. Educational level was
categorized into primary education (no education, primary education), lower secondary education (lower or preparatory vocational education, lower general secondary education), higher
secondary education (intermediate vocational education or apprenticeship, higher general
senior secondary education or pre-university secondary education), and tertiary education
(higher vocational education, university) [39]. Household income was measured using the following question: “How much is your net income per month? If you share the costs with someone, then add the net income of your partner(s) to your income” with eight response
categories. Household income was categorized into a household income <€1000 per month, a
household income between €1000 - €2000 per month, a household income between €2000 €3000 per month, and a household income >€3000 per month.
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Age was calculated based on the date of the first clinical visit. In 2009, the average age for
leaving the educational system was 21 years in Europe (range: 17–24 years) and 22.5 years in
the Netherlands (range: 19.5–25 years) [28]. We included participants aged 25 years as those
were assumed to have their own SEP. Age was categorized into eleven 5-years groups.

Statistical analyses
First, baseline characteristics were examined using descriptive statistics, i.e. percentages and
means ± SD. Second, absolute socioeconomic inequalities in physical and mental health were
examined by comparing mean PCSs and MCSs using educational level and household income
as separate indicators of SEP. Analyses were performed for all age groups, and stratified by gender. Third, relative socioeconomic inequalities in physical and mental health were examined by
calculating Gini-coefficients. The Gini-coefficient is a measure of relative inequality based on
the Lorenz curve [40–42]. Traditionally, the Lorenz curve shows the cumulative percentage of
income by the cumulative percentage of the population, but the curve can also be used for
health outcomes [40–42]. If health is equally distributed among individuals, the Lorenz curve
is a diagonal line (i.e. perfect equality). The more the Lorenz curve deviates from the diagonal,
the larger the degree of inequality [40–42]. See Porta [40] or Regidor [41] for a visual representation of the Lorenz curve. The Gini-coefficient is measured on a scale from 0 to 1, where 0 represents complete equality (i.e. health is equally distributed among individuals or groups) and 1
complete inequality (i.e. all health of the population is concentrated within a single person or
group) [40–42]. The Gini-coefficient can be calculated by dividing the area between the diagonal and the Lorenz curve by the total area under the diagonal [40]. Another approach to calculate the Gini-coefficient, applied in this paper, is by using categorical variables. Instead of using
the Lorenz curve, the area under the Receiver Operating Characteristic (ROC) curve (AUC) is
used to calculate the Gini-coefficient [41,43]. With this approach, the Gini-coefficient is based
on the proportion of people with a certain health state (e.g. poor health) across socioeconomic
groups. If the proportion of people with poor health is equal across socioeconomic groups, the
AUC is zero. The more the proportion of people with poor health varies across socioeconomic
groups, the larger the AUC, and thereby the larger the Gini-coefficient will be. The AUC values
were obtained from the logistic regression procedure in SAS (Proc Logistic), using the dichotomized PCS and MCS as outcome and educational level and household income as predictor.
Then, the AUC was transformed into a Gini-coefficient by the following equation: Gini-coefficient = 2  AUC– 1 [43]. These analyses were performed for all age groups, and stratified by
gender. Analyses were performed using SPSS (version 22; IBM Corp., Armonk, NY) and SAS
software (version 9.3; SAS Institute Inc., Cary, NC, USA).

Results
Baseline characteristics
A total of 95,432 participants were included, of whom 58.7% were female (Table 1). The mean
age of the study sample was 44.7 years (SD: 12.6). Mean PCS and MCS were 51.3 (7.3) and 52.5
(8.4), respectively. Younger age groups were higher educated than older age groups, while the
distribution of household income was inverse U-shaped (Fig 1).

Absolute inequalities across age groups by indicator of SEP, health
outcome and gender
Absolute socioeconomic health inequalities tended to differ across age groups by indicator of
SEP, health outcome and gender (Figs 2 and 3 and S1A–S1J Table). For example, in 40–44 year
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Table 1. Baseline characteristics of the study sample.
N

Mean (SD) or %

Age

95,432

44.7 (12.6)

Gender, F

95,432

58.7

Educational level

93,134

Primary education

2,859

3.1

Lower secondary education

26,226

28.2

Higher secondary education

36,752

39.5

Tertiary education

27,297

29.3

Household income per month

78,571

<€1000

5,991

7.6

€1000 - €2000

19,635

25.0

€2000 - €3000

27,109

34.5

€3000

25,836

32.9

Physical component score

92,920

51.3 (7.3)

Poor physical health

26,303

28.3

Mental component score

92,920

52.5 (8.4)

Poor mental health

22,837

24.6

doi:10.1371/journal.pone.0145947.t001

old males, the absolute difference in PCS between males with a tertiary education and males
with a primary education was 6.2 points while this absolute difference was 1.2 in 65–69 year
old males (Fig 2A). This means that absolute socioeconomic inequalities in physical health
were larger in 40–44 year old males than in 65–69 year old males.

Fig 1. Educational level and household income by age group.
doi:10.1371/journal.pone.0145947.g001
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Fig 2. Absolute inequalities in physical and mental health across age groups by indicator of socioeconomic position for males.
doi:10.1371/journal.pone.0145947.g002

Socioeconomic health inequalities between age groups were most pronounced for mental
health by household income. Inequalities were larger in younger compared to older age groups
(Fig 2D for males; Fig 3D for females). Absolute physical health inequalities were smaller in
young and old age groups compared to middle age groups for both indicators of SEP, especially
for males (Fig 2A and 2B for males; Fig 3A and 3B for females).
Absolute inequalities in physical health were fairly similar for educational level (Fig 2A for
males; Fig 3A for females) and household income (Fig 2B for males; Fig 3B for females),
although absolute inequalities tended to be smaller by household income than by educational
level in females, but not in males. Absolute inequalities in mental health were smaller by
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Fig 3. Absolute inequalities in physical and mental health across age groups by indicator of socioeconomic position for females.
doi:10.1371/journal.pone.0145947.g003

educational level than by household income, both for males (Fig 2C and 2D) and females (Fig
3C and 3D).
Absolute inequalities were different by health outcome, regardless of the indicator of SEP.
Physical health inequalities were larger than mental health inequalities by educational level,
especially for males (Fig 2A;c for males; Fig 3A;c for females). But physical health inequalities
were smaller than mental health inequalities by household income (Fig 2B;d for males; Fig 3B;d
for females).

PLOS ONE | DOI:10.1371/journal.pone.0145947 December 30, 2015
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Fig 4. Relative inequalities in physical and mental health across age groups by indicator of socioeconomic position and gender.
doi:10.1371/journal.pone.0145947.g004

There were some differences between males and females. For example, a U-shape was found
for the MCS by household income between the age group 25–29 years and the age group 55–59
years in males but not females.

Relative inequalities across age groups by indicator of SEP, health
outcome and gender
Relative socioeconomic health inequalities differed across age groups by indicator of SEP,
health outcome and gender (Fig 4 and S1A–S1J Table). For example, in 40–44 year old males,
the Gini-coefficient for physical health, with educational level as indicator of SEP, was 0.18
while the Gini-coefficient was 0.06 in 70–74 year old males (Fig 3A). This means that poor
physical health (PCS <50) was more unequally distributed among socioeconomic groups in
40–44 year old males than in 70–74 year old males. Physical health inequalities by educational
level tended to be smaller in older compared to younger age groups, although inequalities were
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somewhat larger in those aged 70 compared to those aged 65–69 (Fig 4A). Inequalities were
larger for males than females. Mental health inequalities by educational level were smaller in
those aged 30–64 years (range Gini-coefficients: males: 0.04–0.08; females: 0.03–0.08) than in
those aged 65 years (range Gini-coefficients: males: 0.09–0.14; females: 0.08–0.14) (Fig 4B).
Physical health inequalities by household income were smaller in younger and older age
groups, compared to the age groups in between (35–64), for males but not for females (Fig 4C).
Inequalities for females were, despite some fluctuations, similar across age groups. Mental
health inequalities by household income fluctuated across age groups without a clear pattern
(Fig 4D). These fluctuations seemed larger for males than females.
Relative inequalities in physical health differed between educational level and household
income (Fig 4A;4C). Physical health inequalities by educational level were smaller in older
compared to younger age groups in both males and females. For males, physical health inequalities by household income were largest in those aged 35–64. Inequalities were fairly stable
across age groups for females. Mental health inequalities were also different between educational level and household income (Fig 4B;4D). For educational level, mental health inequalities were overall small, while mental health inequalities by household income were overall
large, both for males and females.
Relative inequalities differed by health outcome, regardless the indicator of SEP. Relative
inequalities were larger for physical health than for mental health by educational level (Fig 4A
and 4B). Moreover, physical health inequalities were smaller in older age groups (except for
those aged 70), whereas mental health inequalities were larger in older age groups. Regarding
household income, physical health inequalities tended to be smaller than mental health
inequalities (Fig 4C and 4D). Moreover, for males, physical health inequalities were larger in
those aged 35–64 compared with those younger and older, whereas no clear pattern was found
for females, nor for mental health inequalities.

Discussion
The aim of this large-scale cross-sectional study was to investigate whether absolute and relative socioeconomic health inequalities differed across age groups by indicator of SEP, health
outcome and gender. Both absolute and relative inequalities differed across age groups by indicator of SEP, health outcome, and gender.
Reijneveld et al [25] previously showed that age modifies the relationship between educational level and SRH on the multiplicative scale. Studies specifically investigating socioeconomic health inequalities with ageing showed that health inequalities, measured as SRH,
functional status, physical health or mental health, are small in young adulthood and then
become larger in midlife [7,17–20,44]. Although findings on socioeconomic health inequalities
in old age are less clear, most studies show narrowing socioeconomic health inequalities in old
age [21]. We found a similar cross-sectional pattern for absolute inequalities in physical health
for males and females, in mental health by household income for males, and in mental health
by educational level for females. In this study, the increase in absolute health inequalities in
midlife seems to emerge from reductions of health scores in the lowest educational and income
groups. Although these groups are considerably smaller than the other groups, they encompass
a substantial proportion of the population. Mental health inequalities were smaller in older
compared to younger age groups by educational level in males and by household income in
females. For relative inequalities, we only found a similar pattern for physical health by household income for men. This suggests that previously described patterns [7,17–20,44], might differ by indicator of SEP, health outcome, gender, and by measuring inequalities in absolute or
relative terms.
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We found a difference in relative mental health inequalities by educational level between
those aged 30–64 years and those aged 65 years. Inequalities tended to be larger in those aged
65 years. Previous studies found that retirement results in better SRH [45] and in a decrease
of physical and mental fatigue [46]. However, mental health improvements with ageing and
after retirement, may be restricted to those with a high SEP [8,47]. This could possibly explain
the larger inequality in mental health in participants aged 65 years compared to 30–64 years
in this study; those with a higher educational level gain more from retirement. No difference in
inequality in mental health was found for household income in participants aged 65 years
compared to younger age groups. A possible explanation could be the comprehensive pension
system in the Netherlands, although this is speculation.
Our finding that absolute and relative socioeconomic health inequalities may differ between
indicator of SEP and between health outcome is in line with previous research [12–16]. For
example, in a study by Davey Smith et al [14], occupational social class was a better discriminator of socioeconomic differences in mortality than education. Education was however most
strongly associated with death from non-CVD and non-cancer causes [14]. Geyer et al [16]
demonstrated that education was the strongest predictor for diabetes while income was the
strongest predictor for all-cause mortality. Macintyre et al [13] showed that socioeconomic variations in health depended on the measurement of SEP, health outcome, and gender by comparing associations between seven indicators of SEP and five health outcomes. In older
individuals, educational level or occupational social class, in combination with a deprivation
indicator were shown to be the best indicators to measure socioeconomic health inequalities
[15].
This study showed that socioeconomic health inequalities also differ if measuring them in
absolute or in relative terms. For example, mental health inequalities by household income
became clearly smaller with increasing age group if measured in absolute terms whereas there
was no clear pattern if measured in relative terms. Moser et al [30] previously showed that the
magnitude of socioeconomic health inequalities differs upon whether a rate ratio or rate difference is used. Barros et al [31] and Harper et al [32] also stress that conclusions on socioeconomic health inequalities might differ depending on whether an absolute or relative measure is
chosen, which is in line with our findings.
The strengths of this study are the large sample size and the use of a reliable and valid
measure of physical and mental health. The large sample size allowed analyses for 11 age
groups, four categories of SEP, and stratified by gender. To our knowledge, no previous study
was able to do this. This study also has some limitations. First, the use of the Gini-coefficient
in research into socioeconomic health inequalities has been criticized because the Gini-coefficient alone does not reflect whether an individual with the worst health belongs to the lowest or highest SEP [41]. However, mean scores of physical and mental health and the
prevalence of poor physical and mental health were consistently in favor of those with a
higher SEP. Thus, the Gini-coefficient in this study does reflect the socioeconomic inequalities as expected; health outcomes are worse for those with a low SEP compared to those with
a high SEP. Second, we could not determine whether differences in socioeconomic health
inequalities across age groups were due to age or cohort effects [48]. In cross-sectional data,
differences between age groups may be due to aging itself but they may also be caused by differences between cohorts [17,22]. Disentangling age and cohort effects can only be done
using long-term longitudinal data [17]. Previous studies showed that educational level may
be subject to a cohort effect [23,25,49]. Although cohort patterns in educational level may be
culturally specific, many Western countries show a similar pattern as the Netherlands
regarding educational level across age groups [26]. This may be an indication that our findings are generalizable to most other Western countries were younger people are higher
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educated than older people. Income might be more dependent on age itself [27], although
cohort effects may also exist [49]. Across cohorts, income seems to become more important
in relation to health [49]. This might be an explanation for the larger absolute inequalities in
physical and mental health by household income in younger compared to older age groups
and it might explain part of the U-shape we found for physical and mental health by household income in men. Although a distinction between age and cohort effects was not possible,
this study clearly shows that findings on socioeconomic health inequalities are affected by
the age of the study population. Third, we could not adjust household income for the number
of household members because participants indicated their household income through rather
broad pre-specified categories. Although some methods exist to adjust categorical household
income for the number of household members, other issues arise. Dividing households into
households of 1 or 2 persons is one way to correct household income for the number of
household members [50]. However, the ordinal scale will be lost. Another method is to use
the category middle in a formula that corrects household income for the number of household members. However, no category middles for the extreme categories existed. Therefore,
we chose to present crude household income but acknowledge that non-adjustment for the
number of household members could affect the findings.
The results of this study may have important implications for researchers and policy makers. Researchers should be aware that the age of their study sample may affect findings on
socioeconomic health inequalities. In addition, findings may differ depending on the chosen
indicator of SEP and health outcome. We believe that age should be considered equally
important as the indicator of SEP and the health outcome when examining socioeconomic
health inequalities. Moreover, previous research into socioeconomic health inequalities
should be interpreted with caution when age has not been carefully considered as an influential factor on the relationship between SEP and health. Policy makers may want to consider
targeting interventions to reduce socioeconomic health inequalities to specific age groups, as
the need for reduction of inequalities may differ between the age groups. Reducing absolute
health inequalities may be given priority over reducing relative health inequalities as this
may be most beneficial for people in lower socioeconomic groups [51]. Especially people
between 25 and 50 years old with a primary education or a household income <€1000 per
month may need attention as absolute inequalities in physical and mental health are the largest in this age group.
Based on this large-scale cross-sectional study we conclude that absolute and relative socioeconomic health inequalities differ across age groups by indicator of SEP, health outcome and
gender. Researchers should be aware of these differences and should critically consider the
implications of choosing a specific age group, in addition to the indicator of SEP and health
outcome, for research into socioeconomic health inequalities.
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