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Objectives: This study examined the contribution of obesity to the development of
educational inequalities in physical health.

Methods: We used data from the German Socio-Economic Panel for the period
2002–2020. Physical health was measured with the modified SF12-questionnaire.
Logistic regression analyses were applied to estimate time trends. The Relative Index
of Inequality (RII) and the Slope Index of Inequality (SII) were calculated to examine
educational inequalities. The role of obesity as a mediator was analyzed using the
Karlson-Holm-Breen (KHB) method.

Results: Over time, educational inequalities in obesity as well as impaired physical health
widened in men and women, particularly among those aged 30–49 years. For individuals
with a low level of education at this age, the probability of impaired physical health
increased significantly by 7.7%-points in women and 9.4%-points in men. Of this increase,
25.9% for women and 14.8% for men could be attributed to the increase in obesity.

Conclusion:Our findings suggest that the steeper rise in obesity among individuals with a
low level of education partly explains the observed widening in educational inequalities in
physical health.
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INTRODUCTION

In Europe as well as in other western countries, the share of overweight women and men as well as
those with obesity has increased, and it is predicted to increase in the years to come [1–3]. According
to German national survey-based data from 2019/2020, about 19% of the population were classified
as obese [4], making obesity a relevant public health issue. Obesity has effects on the expenditures of
the healthcare system, is associated with increased sickness absence, and carries the risk of a
multitude of comorbidities [5, 6].

At the individual level, obesity has shown to be associated with depression, with direction of
causality running in both directions [7–9]. Moreover, the presence of obesity negatively affects the
quality of life, which is partly due to the loss of physical function that accompanies obesity [10]. In a
nationwide German study, it was shown that obesity was more prevalent in individuals with lower
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educational status, and that increasing obesity was associated
with increased degrees of impaired physical health. This
relationship was stronger in female than in male respondents
[11]. Similar results were obtained in an earlier cross-sectional
study conducted in the United States in 1998. It included
32,440 respondents and reported evidence for a linear
association between physical quality of life and obesity [12]. A
cross-sectional survey study from Great Britain examined
relationships between obesity and different dimensions of
wellbeing measured with the SF-36. It turned out that subjects
with both obesity and other chronic conditions reported
particularly poor physical and emotional health [13].

A review paper concluded that rising global obesity may be
due to the combination of the consumption of high-caloric food,
technological innovations that led to reduced physical activity,
and changing sociodemographic factors such as such as increased
urbanization [14]. The literature emphasizes that obesity should
be seen as a social phenomenon where appropriate interventions
should target both socio-economic and socio-cultural factors [15,
16]. The importance of social factors is also reflected in the fact
that socially disadvantaged people are more affected by
obesity [17–19].

Given the association between obesity and physical health, it is
reasonable to assume that rising obesity rates have led to rising
rates of impaired physical health. This could be particularly true
for socially disadvantaged individuals, where obesity rates have
increased more sharply over time [17, 18]. For example, Hoebel
et al. found that the low and medium socioeconomic groups
showed increases in obesity prevalence, whereas no such trend
was observed in the high socioeconomic groups [17]. Extensive
research has also documented that low socioeconomic status is
associated with poor physical health and health functioning
[20–22]. Moreover, previous studies suggest that the temporal
development of physical andmental health differ according to the
age group considered. While it improved in older ages, stable or
even worsening trends in younger ages have been reported
[23–26]. For trend analyses, this suggests that in addition to
differentiation by socio-economic status, differentiation should
also be made by age cohort.

To date, few studies have examined the relationship between
the temporal trend of obesity and physical health and its impact
on the development of health inequalities. This study addressed
this research question by first analyzing how rates of obesity and
impaired physical health developed in both genders depending on
the level of education and two different age cohorts. In a second
step, we determine the direction of causality between obesity and
physical health using a cross-lagged-panel design. Finally,
stratified by educational level, we analyzed the extent to which
changes in physical health over time are mediated by changes of
obesity rates.

METHODS

Data Source
The analyses are based on data from the German Socio-Economic
Panel study (GSOEP V.31), conducted by the German Institute

for Economic Research. The GSOEP is a representative annual
survey of German individuals aged 18 and older in private
households that started in 1984 [27]. Data were collected by
face-to-face interviews using different questionnaires for
individuals, households and specific subgroups. The central
survey instrument for this study is an individual questionnaire
on socio-demographic characteristics and the health-related-
quality of life, which each adult household member is
supposed to answer. The GSOEP population is updated
regularly with new survey samples to reflect changes in the
German population and in order to compensate for dropouts
occurring over time. Further information on GSOEP can be
obtained from Goebel et al. [27].

We included participants between 30 and 64 years of age and
performed all analyses stratified for the age groups 30 to 49 and
50–64 years since former studies revealed substantial differences
according to the age groups considered. Our analyses are based
on a pooled dataset including the waves from 2002 to 2020,
allowing for trend analysis on a population level by means of
cross-sectional comparisons. We used cross-sectional weights
that are designed to produce a nationally representative sample.

Overall, our study included 51,718 respondents (women:
26,417/men: 25,301) and 164,165 observations (women:
87,088/men: 77,077). Respondents with missing information
were excluded. The study was conducted according to the
STROBE cross sectional reporting guidelines [28].

Measures
Physical Health
Physical health was measured by the physical component
summary score (PCS-score) using a slightly modified version
of the second version of the 12-Item Short Form Health Survey
(SF-12v.2). In the GSOEP, the SF-12v.2 is available since 2002
(wave S) and is provided every second year. Physical health
contains six items measuring physical functioning, role
limitations due to physical problems, physical pain and
general health. Based on these items, the physical PCS-score
was calculated. Values are standardized to a national norm
(GSOEP population in 2004), ranging from 0 to 100 points
with a mean of 50 points and a standard deviation of
10 points [29]. A higher score corresponds to a better health
status. We used a dichotomous variable with norm values
(t-values) < 40 points indicating a significant deviation of
more than a standard deviation below population average. We
used this variable, which indicates significant impairment in
physical health, to show not only statistical but also clinically
significant changes over time, which is not as possible when
looking at changes in mean values [30].

School Education
All individuals with a maximum of 9 years of schooling were
assigned to the low educational group that includes also subjects
without a school leaving certificate. The intermediate education
group consists of those with 10 years of schooling corresponding to
a comprehensive school certificate. Subjects with at least 12 years’
schooling were assigned to the high educational group, which
corresponds to the university entrance qualification.
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Time Trend
A categorical variable covering five time-periods (from 2002/04 to
2018–2020) was used to analyze the time trends, with the first
period being set to the reference category. We used a 4-year
interval to smooth out the outlier years and to compensate for the
small sample size in some subgroups, which was particularly the
case for impaired physical health in the 30–49 age group. For
analyzing temporal change in educational inequalities and the
mediation analysis, we used a continuous time trend variable,
coded 0 for 2002 and 1 for 2020, with the years in between getting
fractional values, for example, 0.1 for 2004, 0.2 for 2006 and so
forth. The value obtained from this variable indicates the average
change in relation to the respective outcome over the
entire period.

Obesity
According to the WHO classification, a BMI of 30 or higher was
defined as obesity [31]. Weight and height were asked during the
face-to-face interview. BMI was calculated as weight in kilograms
divided by the height in meters squared. In 11.1% of the sample,
information on weight or height was not requested, so that no
BMI could be calculated. The proportion of missing
values is 1.2%.

Statistical Analyses
We analyzed the temporal development of obesity (BMI ≥30) and
impaired physical health (PCS < t-value 40), stratified by gender,
age groups, and levels of school education by means of logistic
regression analyses, adjusted for age and nationality. The
categorical time trend variable as the independent variable
includes five time-points with the first time-period used as the
reference category. We used cluster-robust standard errors to
adjust for the panel structure of the data. In addition to odds
ratios (OR), we estimated predicted probabilities to visualize the
results. For determining the predicted probabilities, we used the
interaction term “time trend*level of school education.” This was
done to avoid possible bias due to different age distributions in
the educational groups, which may be present in
stratified analyses.

For analyzing trends in educational inequalities in obesity and
impaired physical health, we calculated the Relative Index of
Inequality (RII) and the Slope Index of Inequality (SII) [32]. RII
represents the prevalence ratio between subjects with the lowest
and the highest educational level while the SII quantifies the
magnitude of absolute health inequality between individuals at
the top and bottom of the educational hierarchy. In order to
calculate RII and SII, the educational groups of each time period
(4-years interval) and for both age groups (separated for men and
women) were transformed into cumulative rank probabilities
(“ridit scores”). As proposed, we used a logarithmic link
function to calculate the RII and an identity link function to
calculate the SII by using clustered variance estimators [32].
Based on RII and SII, temporal trends in educational
inequalities in obesity and impaired physical health were
assessed by the inclusion of a two-way interaction term
between the ridit scores and the continuous time trend

variable. The first point in time of the persons with the
highest level of education represents the reference category.
Accordingly, interaction-terms with RII >1 and SII >0 indicate
increasing health inequalities to the disadvantage of individuals
with the lowest level of education.

Moreover, we performed a cross-lagged panel analysis in order
to describe the directional influences between body mass index
(BMI) and physical health (PCS), using the “sem” command by
STATA that fits structural equation models [33]. As an example,
we have analyzed the causal relationship between BMI and PCS

TABLE 1 | Weighted sample characteristics in % by obesity-status (German
Socio-Economic Panel study, 2002–2020).

BMI <30 n = 116,246 BMI ≥30 n = 27,659

Gender
men 50.0 53.7
women 50.0 46.3
missinga 0 0

Educational level
low 28.7 38.8
intermediate 32.1 32.3
high 29.6 19.4
others 9.7 9.5
missing 1.3 1.0

Occupational positionb

low 17.3 22.7
intermediate 53.4 55.0
high 29.3 22.3
missing 0.3 0.3

Employment status
full-time 55.0 51.4
part-time 28.1 25.1
not employed 17.0 23.4
missing 0 0

Unemployedc

yes 6.7 9.3
no 93.1 90.7
missing 0.3 0.2

Household net incomed

<60% median 9.5 14.4
60% - < 150% 65.3 66.9
≥150% 25.3 18.7
missing 1.6 2.0

Nationality
German 89.1 88.7
others 10.9 11.3
missing 0 0

Notes: numbers of observations.
aThe missing values are not added together with the valid values to 100%, but are added
separately.
bOccupational position: low: unskilled, semi-skilled and skilled workers, farmers, salaried
employees with simple activities and civil servants in the ordinary service, intermediate:
self-employed persons without employees, salaried employees with qualified activities
and civil servants in the middle civil service, high: self-employed persons with employees,
salaried employees with highly qualified jobs, master/mistress, civil servants in the upper
and higher levels of the civil service.
cUnemployed means searching for a job.
dBased on modified equivalence scale: <60% of the median household net income
(poverty risk threshold), between 60% and 150% of the median household net income
and >150% of the median household net income, n =maximum number of observations.
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with a time interval of 4 years for the most recent survey periods.
This means that we compared the relationship between BMI in
2016 and PCS in 2020 with the relationship between PCS in
2016 and BMI in 2020. As part of sensitivity analyses, we
conducted further analyses with time intervals other than
4 years, i.e. 6, 8, and 10 years.

Finally, based on logistic regression analysis, we applied the
Karlson-Holm-Breen-method (KHB-method) to examine how
much of the time-effect on impaired physical health is
mediated by temporal changes of obesity-rates. The KHB
approach extends the decomposition properties of linear
models to logistic regression models by decomposing the
total time-effect on physical health into a direct and indirect
effect. This method ensures that the crude and adjusted
coefficients are unaffected by the rescaling bias that arise in
cross-model comparisons of non-linear models. In our case,
the total effect in terms of Odds Ratio (OR) is the effect of time
on impaired physical health without the mediator, only
controlled for age, nationality and the residual variance. The

direct effect of time corresponds to the effect that is left after
controlling for obesity as a potential mediator. Accordingly, the
indirect effect is the share of the time-effect on impaired
physical health that is explained by the temporal change in
obesity. The indirect effect in terms of OR is calculated as the
total effect divided by the direct effect. In addition to ORs, we
reported average partial effects (APE) giving the
decomposition a more substantial interpretation. APE are
measured on the probability scale and estimate the average
marginal effect of the mediator as expressed in %-points [34].
With respect to APE, the indirect effect is calculated by the total
effect minus the direct effect.

All regression analyses were performed separately for men and
women and stratified by age groups and level of education. We
controlled for age and nationality (German versus other), taking
possible shifts in age composition and the number of non-
German residents into account. Population weights were
employed to match the official population statistics. All
analyses were performed with STATA v13.1 [35].

FIGURE 1 | Predicted probabilities and standard errors (SE) of obesity (BMI ≥30) from 2002/04 to 2018/20 in men and women, stratified by age group and school
education (German Socio-Economic Panel study, 2002–2020).

Int J Public Health | Owned by SSPH+ | Published by Frontiers April 2024 | Volume 69 | Article 16069324

Sperlich et al. Widening Educational Inequalities Physical Health



RESULTS

The weighted sample characteristics stratified by obesity-status
are displayed in Table 1. The proportion of missing values on the
variables included varied between 0% and 1.3%. It shows that
compared to women, men were more frequently obese (53.7% vs.
46.3%). Moreover, obese individuals were more often socially
disadvantaged in terms of school education, occupational
position, employment status and adjusted household net
income (Table 1).

Temporal Development of Obesity by Age
Group and School Education
From 2002/04 to 2018/20, the predicted probabilities of obesity
(BMI ≥30) increased in women and men, irrespective of age and
educational level (Figure 1). For both genders, individuals aged
30–49 years with a low level of education had the highest absolute
increase with a rise from 16.8% to 35.0% in women and from
15.7% to 32.4% in men. In relative terms, the odds of obesity in
this age group more than doubled in 2018/20 compared with the

baseline (2002/04) for both genders and for all levels of education
(Supplementary Table S1).

In terms of RII and SII, we found significant educational
inequalities in obesity for each time point considered (Table 2,
upper part). As the interaction term obesity*trend indicate, the
magnitude of difference between the highest and lowest
educational level (SII) increased over time for individuals aged
30 to 49, with a steeper rise in women (SII: 0.20, CI 0.14–0.26) as
compared to men (SII: 0.11, CI 0.05–0.17). Compared to
individuals aged 30 to 49, the inequalities were less
pronounced among 50 to 64-year-olds. In contrast to the SII,
the obesity ratio between people with the lowest and highest level
of education (RII) remained largely stable for both genders and
age groups.

Temporal Development of Physical Health
by Age Group and School Education
Among women and men aged 30–49 years, predicted
probabilities of impaired physical health (PCS < t-value 40)
slightly increased over time from 9.5% to 10.7% and 6.7%–

TABLE 2 | Relative and absolute inequalities in obesity (BMI ≥30) and impaired physical health (PCS < t-value 40), Relative Index of Inequality (RII) and Slope Index of
Inequality (SII), stratified by time, gender and two age groups (German Socio-Economic Panel study, 2002–2020).

Age-group Time Obesity (BMI ≥30)

Women Men

RII 95% CI SII 95% CI RII 95% CI SII 95% CI

30–49 years 2002/04 4.11*** 3.09; 5.48 0.16*** 0.13; 0.19 2.20*** 1.69; 2.85 0.11*** 0.08; 0.14
2006/08 3.84*** 2.99; 5.09 0.18*** 0.14; 0.22 2.50*** 1.94; 3.24 0.15*** 0.11; 0.19
2010/12 5.10*** 3.83; 6.82 0.23*** 0.19; 0.27 2.60*** 2.01; 3.37 0.17*** 0.13; 0.22
2014/16 5.38*** 4.32; 6.70 0.29*** 0.26; 0.33 2.69*** 2.12; 3.42 0.19*** 0.14; 0.23
2018/20 4.57*** 3.69; 5.66 0.32*** 0.28; 0.36 2.80*** 2.23; 3.53 0.22*** 0.17; 0.26

Obesity*Trend 1.26 0.85; 1.86 0.20*** 0.14; 0.26 1.22 0.83; 1.79 0.11** 0.05; 0.17

50–64 years 2002/04 2.81*** 2.05; 3.87 0.16*** 0.11; 0.21 2.04*** 1.57: 2.67 0.14*** 0.09; 0.19
2006/08 2.72*** 2.05; 3.62 0.19*** 0.13; 0.24 1.73*** 1.35; 2.22 0.13*** 0.07; 0.19
2010/12 2.08*** 1.63; 2.66 0.16*** 0.11; 0.21 1.60*** 1.28; 2.00 0.12*** 0.06; 0.17
2014/16 2.48*** 1.78; 3.11 0.20*** 0.15; 0.26 1.51*** 1.21; 1.88 0.11*** 0.05; 0.16
2018/20 2.92*** 2.39; 3.58 0.26*** 0.21; 0.30 1.84*** 1.51; 2.25 0.16*** 0.11; 0.21

Obesity*Trend 1.01 0.69; 1.49 0.09* 0.01; 0.17 0.90 0.64; 1.27 0.00 −0.08; 0.09

Impaired physical health (PCS < t-value 40)

Women Men

Age-group Time RII 95% CI SII 95% CI RII 95% CI SII 95% CI

30–49 years 2002/04 2.54*** 1.87; 3.46 0.07*** 0.05; 0.09 3.61*** 2.55; 5.11 0.07*** 0.05; 0.09
2006/08 3.01*** 2.09; 4.33 0.08*** 0.05; 0.10 4.19*** 2.90; 6.07 0.09*** 0.07; 0.12
2010/12 2.89*** 2.02; 4.14 0.09*** 0.06; 0.12 6.15*** 4.29; 8.82 0.13*** 0.10; 0.16
2014/16 5.78*** 4.46; 7.50 0.18*** 0.16; 0.21 7.14*** 5.21; 9.78 0.15*** 0.13; 0.18
2018/20 5.71*** 4.29; 7.62 0.18*** 0.15; 0.21 13.85*** 9.24; 20.77 0.18*** 0.15; 0.20

PCS < 40*Trend 2.79*** 1.80; 4.31 0.14*** 0.10; 0.17 4.04*** 2.51; 6.52 0.11*** 0.08; 0.15

50–64 years 2002/04 1.96*** 1.55; 2.47 0.16*** 0.11; 0.21 3.78*** 2.92; 4.89 0.27*** 0.22; 0.32
2006/08 2.18*** 1.73; 2.75 0.18*** 0.13; 0.23 3.73*** 2.85; 4.88 0.26*** 0.21; 0.31
2010/12 2.25*** 1.81; 2.81 0.18*** 0.13; 0.23 3.04*** 2.40; 3.84 0.24*** 0.18; 0.27
2014/16 2.74*** 2.21; 3.42 0.23*** 0.18; 0.27 4.33*** 3.42; 5.49 0.29*** 0.25; 0.34
2018/20 3.59*** 2.96; 4.34 0.28*** 0.24; 0.32 5.10*** 4.10; 6.35 0.31*** 0.27; 0.35

PCS < 40*Trend 1.96*** 1.43; 2.67 0.13*** 0.06; 0.20 1.43* 1.01; 2.04 0.05 −0.01; 0.12

Notes: RII: Relative Index of Inequality (prevalence ratio of the highest and lowest educational level), SII: Slope Index of inequality (magnitude of difference between the highest and lowest
educational level); *p < 0.05, **p < 0.01, ***p < 0.001.
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7.3%, respectively (Figure 2). As the corresponding odds ratios
indicate, physical health has not changed substantially over time
(Supplementary Table S2). Women and men aged 50–64 years
had a moderate decrease in the predicted probabilities of
impaired physical health from 24.6% to 23.6% and 23.2%–
20.7%, respectively. A significant increase in physical health
impairment was found from 2014/16 onwards for
educationally disadvantaged women and men aged 30 to
49 and also for educationally disadvantaged women aged 50 to
64 (Supplementary Table S2).

Educational inequalities in physical health were found to be
significant for both genders at each time point considered
(Table 2, lower part). As the interaction terms
PCS<40*Trend show, health inequalities for women and men
increased over time, both for RII and SII, with the exception of
SII for men aged 50–64 years. Again, the increase was more
pronounced among people aged 30 to 49 than among people
aged 50 to 64.

Temporal Development of Impaired
Physical Health by Obesity Status
Stratified by obesity status, it turned out that women and men
with obesity showed considerably higher probabilities of
impaired physical health compared to their non-obese
counterparts, and this holds for each time period considered.
These obesity-related differences in the extent of impaired
physical health tended to widen over time, in particular
among women aged 30–49 years (Supplementary Figure S1).

Direction of Causality Between Obesity and
Limited Physical Health
In order to determine the direction of causality between BMI and
physical health (PCS), we performed a cross-lagged panel analysis
(Supplementary Figure S2). It turned out that the relationship
between BMI in 2016 and PCS in 2020 was significant while the
relationship between PCS in 2016 and BMI in 2020 was not. This

FIGURE 2 | Predicted probabilities and standard errors (SE) of impaired physical health (PCS < t-value 40) from 2002/04 to 2018/20 in men and women, stratified
by age group and school education (German Socio-Economic Panel study, 2002–2020).
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finding suggests that BMI acts on PCS rather than PCS on BMI.
The negative signs of the coefficients indicate that PCS declined
with increasing BMI.

Decomposition of the Time-Trend on
Impaired Physical Health
In line with Figure 2, the odds of impaired physical health among
individuals with a low level of education aged 30–49 years
increased significantly from 2002 to 2020, both for women
(OR: 1.78, 95%CI: 1.28–2.48) and for men (OR: 2.46, 95%CI:
1.71–3.54) (“total effect,” Figure 3). After controlling for obesity
(“direct effect”), this increase was reduced in women and men to
OR: 1.53 (95%CI: 1.09–2.16) and OR: 2.15 (95%CI: 1.49–3.12),
respectively. A significant effect of time on impaired physical
health was found in both genders, which is explained by obesity
(“indirect time effect”). Expressed in average partial effects
(APEs), the probability of impaired physical health increased

significantly by 7.7%-points and 9.4%-points from 2002 to
2020 for women and men with a low level of education,
respectively (total time effect). After controlling for obesity,
this increase was reduced to 5.7%-points in women and 8.0%-
points in men (direct time effect). Accordingly, the contribution
of obesity to this increase is 2.0%-points and 1.4%-points,
respectively (indirect time effect). This means that for women
and men with a low level of education, 25.9% and 14.8% of the
increase can be attributed to the increase in obesity, respectively
(Conf_Pct., Figure 3).

A significant effect of time was also found for women with
intermediate school education. In this group, 1.0%-points of the
total increase in the probability of impaired health of 3.4%-points
could be attributed to the increase in obesity, which corresponds
to a proportion of 30.7% (Conf_Pct) of the total time effect. For
women with a high level of education and men with an
intermediate level of education, only small increases in the
probability of impaired physical health were found. However,

FIGURE 3 | Decomposition of the total time effect on impaired physical health (PCS < t-value 40) into direct and indirect effects via obesity (BMI ≥30) in women and
men aged 30–49 years, stratified by school education (German Socio-Economic Panel study, 2002–2020).
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a significant effect of obesity is also observed here, explaining
35.8% and 36.4% of the increase in women and men, respectively.
Men aged 30–49 years with a high level of education showed the
opposite trend of a decrease in the probability of impaired
physical health, which are slightly more pronounced when
controlled for obesity. As indicated by the Conf_Pct = −9.1%,
the decrease would have been 9.1% greater (APE: −2.3%-points
instead of −2.1%-points) if there had been no increase in obesity.

Figure 4 shows the corresponding findings for the age group
50–64 years. At this age, a significant increase in the probability of
impaired physical health was found among women with a low
level of education. Here, 2.0%-points of the total 6.5%-point
increase could be attributed to the effect of obesity, corresponding
to 31.5% of the total effect of time. A significant effect of obesity
was also found in individuals with an intermediate level of
education and in men with a high level of education, for
whom the probability of impaired physical health decreased
over time. For example, the decrease in the probability of

impaired physical health among women with intermediate
level of education would have been 2.3%-points higher (APE:
−5.5%-points instead of −3.2%-points) if there had been no
increase in obesity.

DISCUSSION

As a main finding of our analyses, it turned out that obesity rates
were rising over time in women and in men over all age groups
considered, and rates were increasing more strongly with
decrasing educational levels. As a consequence, we found
widening educational inequalities in obesity, in particular with
respect to the magnitude of difference between the highest and
lowest educational level (SII). This unfavourable development is
in line with international figures where rates were increasing over
time at the population level. In the United States, the Center for
Disease Control reported an overall obesity rate of 42.4% in 2017/

FIGURE 4 | Decomposition of the total time effect on impaired physical health (PCS < t-value 40) into direct and indirect effects via obesity (BMI ≥30) in women and
men aged 50–64 years, stratified by school education (German Socio-Economic Panel study, 2002–2020).
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2018 [36]. In the United Kingdom, 26% of the general population
was affected in 2021, and in all high-income countries, the figures
are on the rise with social inequalities to the detriment of people
in lower socio-economic positions being present [37]. The most
likely reason for this development is the increased consumption
of high-caloric food, easy accessibility of fast food supply and an
increasingly sedentary lifestyle [38–40]. However, the exclusive
consideration of behavioral causes of obesity falls short, as
behavior is largely the result of environmental and social
conditions that strongly influence personal choices [16]. Our
finding that obesity in Germany is increasing more strongly
among socially disadvantaged people emphasizes the
importance of preventive measures that target social
conditions in tackling obesity. Studies on network analyses
have shown that obesity spreads along social networks [41,
42]. A setting approach in which relevant influencers of the
social network are involved in supporting health behavior
change could therefore be an effective strategy.

Direction of Association Between Obesity
and Impaired Physical Health
In line with previous findings [11] we found that obese
individuals showed considerably higher rates of impaired
physical health compared to their non-obese counterparts,
holding for each time period considered. Testing the direction
of association, we found that the body weight measured with the
BMI apparently acts on physical health rather than physical
health on BMI. This finding supports our theoretical
assumption that rising obesity rates lead to an increase in
physical impairments. However, it should be noted that the
reverse can also be true. This means that health impairments
can lead to a lack of exercise, which can increase the BMI.

The Influence of the Obesity Trend on the
Development of Educational Inequalities in
Physical Health
In contrast to the continuous rise in obesity, the development of
physical health was inconsistent. However, in individuals with a
low level of education aged 30–49 years, we found a marked
increase in rates of impaired physical health that corresponded to
the strong increase in obesity rates in this group. Moreover, a
significant increase in the proportion of impaired physical health
was also found among low educated women aged 50–64 years. In
contrast, women and men with higher levels of education showed
only a slight increase or even a decrease in the proportions of
impaired physical health, which has led to increasing educational
inequality in physical health in both absolute and relative terms.

Using the decomposition analysis technique, we found that
among men and women aged 30–49 years with low educational
attainment, 14.8% and 25.9% of the 7.7 %-point and 9.4%-point
increase in physical health impairment, respectively, was due to
the increase in obesity. For women aged 50–64 years with the
same level of education, the corresponding figures were a share of
31.5% on the 6.5%-point increase in impaired physical health.
Obesity was also found to have an effect in individuals with a

medium and a high level of education, where predominantly a
decline in the rates of impaired physical health was observed. It
revealed that this decline would have been greater if there had
been no increase in obesity. Our findings are consistent with a
previous study from the United States that found that increasing
BMI partially explains the trend toward increasing disability and
functional impairment among adults [43].

Overall, we found that obesity could partly, but not fully,
explain the increase in impaired physical health in people with a
low level of education. The question arises as to what other factors
could have contributed to the widening of health inequalities. The
study by Havet and Penot suggested that inequalities in work
exposure increased between 2003 and 2017, particularly to the
detriment of blue-collar workers. For example, the situation of
shift workers deteriorated in terms of the exposure to vibrations
and awkward postures [44]. Taking up this possible explanatory
approach, further studies should investigate how working
conditions have changed over time for different educational
and occupational groups and how this could be related to the
development of physical health over time.

Limitations
We used respondent-based measures of physical health as
outcome. Although such measures are important health
indicators, they do not inform about specific diagnoses and
may thus have some limitations. In order to be substantiated
empirically, diagnoses need to be assessed and examined along
with subjectively perceived health. Moreover, in our study, the
BMI may be underestimated because weight and height were
self-reported and people may tend to report a lower weight and
higher height due to social desirability. For the cross-lagged
panel model, it should be noted that the consideration of several
points in time increases the significance of the findings. We
therefore calculated additional analyses with time intervals
other than 4 years, i.e. 6, 8, and 10 years between t1 and t2.
These analyses confirmed the described causal relationship
between BMI and physical health. However, the cross-lagged
panel cannot solve the problem of confounding and self-
selection, which must be taken into account when
interpreting the findings. In addition, it might be possible
that the time-trends in impaired physical health are biased
by the exclusion of the institutionalized population and
persons who could not participate in the survey for health
reasons [45]. The panel structure of the data could lead to
selective attrition, as participants’ health could deteriorate over
time and this could lead to dropout. However, there is no reason
to assume that this affected the reported time trends as long as
the health bias did not increase over time. A shift in the
perception of physical health may also have contributed to
changes in the proportions of impaired physical health over
time. The changes observed may therefore also be due to
changes in norms and values regarding physical health.
Finally, it should be noted that we have used the classical
mediation approach as introduced by Baron and Kenny [46].
In future analyses, the application of causal mediation analysis
based on the counterfactual framework [47] would be a useful
extension to confirm the present findings.
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Conclusion
Our findings suggest that educational inequalities in obesity as
well as in physical limitations widened between 2002 and 2020,
particularly among individuals aged 30–49 years. The steeper rise
in obesity among those with a low level of education contributed
in part to the observed widening in educational inequalities in
physical health. Among individuals with a higher level of
education, we also found an effect of obesity, predominantly
in the way that the positive trend of a decrease in the rate of
impaired physical health would have been stronger if there had
been no increase in obesity. Further studies are needed to
investigate which other factors in the respective educational
groups have contributed to the negative or positive temporal
development of physical health.
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