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Abstract

inequalities in multimorbidity.

occupational groups.

multimorbidity as a major public health concern.

Background: Previous research has produced evidence for social inequalities in multimorbidity, but little is known
on how these disparities change over time. Our study investigates the development of social inequalities in
multimorbidity among the middle-aged and older working population. Special attention is paid to whether
differing time trends between socio-economic status (SES) groups have taken place, increasing or decreasing

Methods: The analyses are based on claims data of a German statutory health insurance company covering an
observation period from 2005 to 2015. Multimorbidity prevalence risks are estimated using logistic generalized
estimation equations (GEE) models. Predicted probabilities of multimorbidity prevalence are used to assess time
trends in absolute social inequalities in terms of educational level, income, and occupational group.

Results: The prevalence risks of multimorbidity rose among all SES groups and social gradients persist throughout
the observation period, indicating significantly higher multimorbidity prevalence risks for individuals with lower SES.
Widening absolute inequalities are found among men in terms of educational level and among women in terms of

Conclusions: The increases in multimorbidity prevalence among the working population are accompanied by
widening social inequalities, pointing towards a growing disadvantage for men and women in lower SES groups.
The rising burden and the increasing inequalities among the working population stress the importance of
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Background

Within the past decade, multimorbidity has become a
major public health concern challenging patients,
health care providers, and health care systems. Mul-
tiple chronic conditions have a strong impact on the
affected population, including poor health outcomes,
lower quality of life, higher health care utilization and
corresponding costs [1-3]. Research investigating
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trends in multimorbidity points towards increases in
multimorbidity prevalence over time [4-6]. In the
context of population ageing, these increases are ex-
pected to continue. However, studies analysing the
development of multimorbidity over time are rare and
little is known about time trends of social disparities
in specific populations.

Previous research has produced evidence for social in-
equalities in multimorbidity, indicating a disadvantage in
prevalence risks [2, 7] and earlier incidence during the
life course for individuals with lower socio-economic
status (SES). A Scottish study reported 10 to 15 years
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earlier onsets of multimorbidity in primary care patients
living in the most deprived areas compared to those
living in the most affluent [8]. The reasons for social
inequalities in health are numerous and the under-
lying mechanisms are still not fully understood [9,
10]. Besides economic and occupation-related aspects,
health behaviours and the level of health-related
knowledge are widely accepted to foster health in-
equalities between SES groups [11, 12]. Research
shows that this equally applies to multimorbidity as
associations between risky health behaviours, such as
physical inactivity, smoking, and high BMI, and
multiple-chronic conditions are well documented [13, 14].

Over the last decades, growing income inequalities
in Europe as well as in Germany are reported [15,
16]. These increasing social disparities raise the ques-
tion whether all SES groups are affected by the preva-
lence increases similarly or whether time trends differ
between groups, leading to growing health inequalities
over time.

In order to keep the ratio of workers to non-workers
in ageing populations constant, policies aim on growing
labour force participation, especially among older and
middle-aged adults [17]. As a result of the demographic
change and an increased retirement age, the German
working-age population ages rapidly [18]. Against this
backdrop, it is important to examine health trends in
middle-aged and older working population, taking into
account that health might develop differently between
SES groups. Multimorbidity represents a relevant health
indicator as it is associated with declines in functional
status, poor quality of life, and increased mortality risks
[2, 3, 19-21]. Moreover, the presence of multiple condi-
tions hampers the ability to meet job requirements and
predicts lower labour force participation [22].

The present study aims to investigate the development
of social inequalities in multimorbidity prevalence
among the working population over time. Special atten-
tion is paid to the question whether differing time trends
between SES groups have taken place, increasing or re-
ducing health inequalities. The analyses are based on
claims data of a large German health insurance provider
which permit to include a broad range of chronic condi-
tions. The data cover an observation period of 11 years.
The study is guided by the following research questions:

1) Has the prevalence of multimorbidity increased
among the working population over the time period
from 2005 to 2015?

2) Are there social disparities in multimorbidity
prevalence among the working population?

3) Are there differing time trends in multimorbidity
prevalence between SES groups in the time period
from 2005 to 20157
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Methods

Data

The analyses are based on claims data of the AOK Nie-
dersachsen (AOKN), which is a large statutory health in-
surance provider in the federal state of Lower Saxony,
Germany. Health insurance coverage is part of the wel-
fare state-based health care system and is mandatory for
all residents in Germany. Nearly 90% of the German in-
habitants are insured by a statutory health insurance
[23]. The insurance is based on premium payments and
usually covers the full medical care at no or low add-
itional costs.

The data were collected for accounting purpose and
contain demographic and socio-economic information as
well as in- and outpatient diagnoses, medications and all
treatments covered by the insurance. With respect to sex
and age, the AOKN population is comparable to the total
population of Lower Saxony and Germany. However, the
insurance population differs from the general population
in terms of educational level and occupational positions as
lower socio-economic groups are overrepresented [24].

Socio-economic indicators

Employers in Germany are legally bound to report
annually on salaries, qualification level, and occupa-
tional position to statutory health insurances. Thus,
our data comprise information on annual gross in-
come, educational level, and occupational group for
employed insured individuals. In order to provide a
deeper understanding of the underlying processes,
each of these three SES indicators was analysed. Re-
search indicates that each indicator is related to dif-
ferent causal processes influencing the health of
individuals and that they are usually only moderately
or weakly correlated to each other. This implies SES
indicators cannot be used interchangeably [25, 26].
SES measures on income and occupational groups are
based on previous studies using health insurance data
of the AOKN [27].

Educational level was assessed using years of school
education, indicating different degrees of school-leaving
qualifications: 9 to 11 (low), and 12 to 13 years (high)
of school education. Income is classified according to
the average income in Germany in a given year re-
ported by the German federal statistical office. Thus,
income groups vary between years in absolute terms
but are constant in relative terms, accounting for in-
creasing income levels over time. Income was classified
in three groups: <40% (low), 40 to < 80% (middle), and
80% and above (high) of the annual average income
from the German population. Occupational groups are
based on an occupation classification system by Bloss-
feld [28]. The original system contains 12 groups. Oc-
cupations within the same group are comparable with
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regard to requirements on school-leaving qualification,
vocational training, and professional activity. For the
present study, these 12 groups were summarized into
four: unskilled, skilled, specialists, and highly qualified.
Specialists differ from skilled employees by higher
qualification and higher level of decision Iatitude.
Highly qualified employees usually have a university de-
gree and demanding professional tasks. A detailed de-
scription on how the occupational groups were
summarised and a listing of the original classification
system by Blossfeld [28] can be found in
Additional file 1.

As information on SES is only available for the
working population, the following analyses are based
on employed individuals of the years 2005 to 2015.
The age range was restricted to individuals aged 40
to 65 years, because the prevalence of multimorbidity
in our data is too low in younger age groups. As the
dataset comprises the complete insurance population,
most individuals are included over more than 1 year
of observation (Table 1).

Definition of multimorbidity

Previous studies indicate that a simple count of diagno-
sis codes is not sufficient if time trends in multimorbid-
ity based on health insurance claims data are studied
[29]. Changed diagnostic practices and increased sens-
ibility of patients and physicians may foster earlier detec-
tion of diseases and increase the completeness of coded
diagnoses over time [29]. Therefore polypharmacy was
chosen as an additional criterion to diagnosis codes. In-
cluding polypharmacy shifted the focus to individuals re-
quiring constant medical supervision and a higher
degree of medical care and reduced the impact of chan-
ging coding practice that might have taken place over
time.

The selection of diagnosis codes is based on 46 disease
groups and risk factors included in the MultiCare Study
[30], which covers a broad range of chronic conditions.
Our data contain diagnosis codes according to
ICD-10-GM. Haemorrhoids were excluded because the
ICD-10 code changed during the study period leading to
an implausible reduction in the number of coded diag-
noses. A complete list of the ICD-10 codes used in this
study is included in the supplementary material (Add-
itional file 2). Data on all drugs covered by the statutory
health insurance were used for defining polypharmacy.
Drugs are coded according to the Anatomic Therapeutic
Chemical Classification System (ATC) [31]. The drugs
were differentiated on fourth precision level, which per-
mits changes in medication within chemical subgroups.
By taking into account only diagnoses and drugs appear-
ing in at least two quarters of a given year, short-term
medication and non-chronic conditions were excluded.
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Table 1 Descriptive statistics of the number of insured
individuals by gender (employed individuals)

Men Women
N % N %
Year
2005 239,079 7.7 165,299 76
2006 242,482 78 166,758 76
2007 249,280 8.0 171,261 7.8
2008 251,817 8.1 173,394 79
2009 253,742 8.1 177,021 8.1
2010 299,847 9.6 205,467 94
2011 309,946 9.9 214,543 9.8
2012 315,238 10.1 220,668 10.1
2013 316,387 102 223,123 102
2014 318,707 10.2 228,181 105
2015 322,003 10.3 238,129 109
Age group
40-44 754,613 24.2 500417 229
45-49 800,681 257 571,594 26.2
50-54 696,113 223 516,881 23.7
55-59 536,537 172 392,695 18.0
60-65 330,584 106 202,257 93
Educational level
low 2,178916 69.9 1,447,806 66.3
high 158,979 5.1 170,262 7.8
missing 780,633 250 565,776 259
Income
low 104,879 34 428,606 19.6
middle 536416 172 840409 385
high 1,761,154 565 472,309 216
missing 716,079 230 442520 20.3
Occupational group
unskilled 960,740 308 898,156 411
skilled 1464937 470 502,155 230
specialists 285,572 9.2 599,088 274
highly qualified 109,784 35 85,249 39
missing 297,495 9.5 99,196 45
Multimorbidity 81,489 26 67,364 3.1
total number of observations 3,118,528 588 2,183,844 412

at least 2 years of observation 2,835,451 90.9 1,973,699 904

In accordance with previous studies based on these
data, multimorbidity was defined as having six or
more coded chronic conditions and five or more
drugs prescribed. More detailed information on multi-
morbidity measurement issues can be found in prior
publications [29, 32].
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Statistical analyses

The development of multimorbidity prevalence and the
effect of socio-economic factors were analysed using logis-
tic regression models accounting for repeated observation
of the same subjects over time. For dichotomous outcome
variables, logistic generalized estimation equations (GEE)
models are appropriate. GEE models account for the de-
pendency of observations within individuals in different
points in time. Population averaged logistic GEE models
estimate the averaged effect of the independent variables
on the outcome variable [33]. Therefore, the interpret-
ation of the results is comparable to those of a logistic re-
gression models without this dependency. Within GEE
regression models, the adjustment for intra-subject correl-
ation is achieved by assuming a particular correlation
structure for the repeated measurement of the dependent
variable. For our analyses first-order autoregressive correl-
ation structures were chosen, assuming a decreasing
intra-subject correlation with increasing distance between
years of observation. As logistic GEE models require panel
data, the regression analyses were restricted to individuals
having more than 1 year of observation (about 90%)
(Table 1).

Analyses on health inequalities can be conducted using
measures of relative or absolute disparities [34]. Logistic
interaction models (year*SES) were applied to estimate
the relative increase or decrease in health disparities
over time. Predicted multimorbidity prevalence probabil-
ities were used to illustrate health inequalities in abso-
lute terms. In order to predict these probabilities over
time, predictive margins based on the logistic GEE ana-
lyses were estimated using postestimation commands.
These estimates include all significant interaction terms
(year*SES) regarding differing time trends between SES
groups. If no significant interactions were found, predict-
ive margins estimates are based on logistic GEE regres-
sion models without interaction terms.

The present study focuses on health inequalities in
absolute terms as this approach allows for a straight-
forward analysis of time trends in multimorbidity bur-
den of the different SES groups. The major advantage
of using predicted probabilities rather than simple
prevalence proportions lies in the adjustment for
changes in the structure of the study population over
time (e.g. age and SES) that can be made if predicted
probabilities are used.

It has to be kept in mind that the estimated interaction
terms illustrate changes in health disparities relatively to
the baseline level of multimorbidity risks in the first year
of observation within a specific SES group. The same
relative increase in multimorbidity prevalence risks
might result in different levels of absolute inequalities
due to such differences at the baseline level. Thus, health
disparities in relative and absolute terms might develop
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differently, depending on the multimorbidity risk level of
the respective SES group.

Results

The characteristics of the study population are dis-
played in Table 1. The data comprise a total of
4,809,150 observations based on 700,844 individuals
with at least 2 years of observation over time. Due to
the restriction to employed individuals, the data con-
tain a higher share of men than women. While the edu-
cational level was similar in both genders, income and
occupational status tended to be higher in men. The
total proportion of multimorbidity cases was about 3%
(Table 1). The proportion of multimorbidity prevalent
individuals increased among all SES groups over time.
This holds for men as well as for women (Table 2).

The GEE regression models indicate a distinct annual
increase in multimorbidity risks over time. This increase
was more pronounced in men (9% per year) than in
women (6% per year) as displayed in Table 3. In both
genders, a clear effect of educational level on multimor-
bidity risks could be observed. Having higher school
education reduced multimorbidity risks by 32% in males
and 38% in females. With regard to income, another gra-
dient could be found. Belonging to the highest income
group led to a decrease of multimorbidity risks by 28%
in males. In females, income effects were much smaller.
The reduction in multimorbidity risk amounted 9% in
the highest income group of women. Comparing occu-
pational groups, a gradient in women was found, as mul-
timorbidity risks decreased with rising level of
classification. In contrast to unskilled employees, highly
qualified women had a 21% lower risk of suffering from
multimorbidity. Among men, a similar pattern could be
observed with the exception of specialists, who showed
no significant difference compared to unskilled men
(Table 3).

The interactions year*SES show the development of
multimorbidity prevalence risks in relative terms within
each SES group over time (Additional file 3). Significant
interactions (p <0.05) of year and SES were found for
income groups (men and women), educational level
(only women), and occupational groups (only men). All
significant interactions point towards stronger increases
of multimorbidity risks in higher than in lower SES
groups. However, it has to be noted that the interaction
terms are quite small compared to the general time
trend and indicate only slight differences in time trends
between SES groups (Additional file 3).

The development of multimorbidity prevalence
probabilities over time in absolute terms based on
predictive margins stratified by gender and SES indi-
cators is illustrated in Fig. 1. Between 2005 and 2015,
probabilities between educational groups in males
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Table 2 Mulitmorbidity prevalence proportion (%) by SES, calendar year, and gender (employed individuals) (AOK Niedersachsen,

Lower Saxony, Germany, 2005-2015)

Educational level Income Occupational group
low high missing low middle high missing unskilled skilled specialists highly missing
qualified

Men 2005 14 0.7 1.3 35 1.8 12 12 1.5 1.0 15 0.9 1.5
2006 16 0.7 15 3.7 20 15 13 18 1.2 1.7 09 18
2007 1.8 09 1.8 29 20 1.8 1.5 2.1 14 19 1.1 20
2008 23 1.1 22 34 24 2.2 19 26 1.7 23 13 24
2009 25 13 24 34 26 24 22 29 20 25 16 26
2010 26 14 24 38 2.7 24 23 3.1 2.2 25 15 2.5
2011 2.8 1.5 2.7 38 30 26 25 3.1 26 2.7 1.8 2.8
2012 30 1.8 29 38 30 29 2.7 2.8 30 32 2.1 28
2013 34 20 3.1 53 36 3.1 29 3.1 33 35 26 29
2014 3.7 23 33 6.1 39 34 32 34 3.7 3.7 3.1 30
2015 40 24 34 49 39 38 32 35 39 4.0 32 32
Women 2005 20 0.7 19 26 1.7 18 19 22 18 15 1.0 19
2006 23 09 2.1 2.7 2.1 20 19 25 20 1.7 1.1 2.1
2007 25 0.9 24 26 24 23 2.1 2.7 2.2 19 13 2.3
2008 29 12 238 30 2.8 27 26 32 26 23 15 25
2009 3.1 12 3.1 3.1 30 29 30 35 2.8 25 16 26
2010 32 14 30 32 3.1 29 27 37 28 24 1.8 24
2011 33 1.5 33 34 32 3.1 29 39 29 26 2.2 25
2012 35 1.7 34 34 33 35 32 4.1 32 2.7 26 2.7
2013 38 19 38 4.0 35 36 34 44 35 30 29 26
2014 4.0 19 39 42 38 36 35 46 3.7 3.1 30 26
2015 42 23 4.1 44 39 4.0 36 48 4.0 32 32 2.7

showed a rising (absolute, in terms of percentage points)
difference over time (Fig. 1a), while absolute differences in
females remained quite stable (Fig. 1b). Despite narrowing
multimorbidity probabilities in middle and high income
groups, the differences between the highest and the lowest
income group among men remained constant (Fig. 1c).
Among women, the differences between income groups
were much smaller and no clear change in health inequal-
ity could be observed (Fig. 1d). In men, multimorbidity
probabilities by occupational groups increased nearly par-
allel over time. As already indicated by the regression ana-
lyses, specialists had higher multimorbidity probabilities
than skilled and highly qualified employees (Fig. 1le).
Among women, absolute differences in multimorbidity
probabilities between the highest and the lowest occupa-
tional group increased slightly over time, while probabil-
ities of specialists and highly qualified women were nearly
identical (Fig. 1f).

Discussion
Our study shows that not all SES groups are equally
affected by the observed increase in multimorbidity

prevalence that has taken place over time. While mul-
timorbidity prevalence rose among all SES groups, we
found widening absolute inequalities in multimorbid-
ity among the middle-aged and older working popula-
tion. However, the evidence for growing inequalities is
limited as increases in absolute difference in multi-
morbidity prevalence probabilities between groups are
restricted to educational level among men and occu-
pational group among women.

Our findings are in line with previous studies that re-
ported increases in multimorbidity prevalence over time
[4—6]. While the prevalence proportions among older in-
dividuals insured by the AOKN tend to be higher in
women [29, 32], the general level of the predicted prob-
ability of multimorbidity prevalence of men and women
in the working population aged 40 to 65 years is pretty
similar.

Previous research has produced evidence for social in-
equalities in multimorbidity. The present study supports
these findings as social gradients in multimorbidity had
been found, indicating a disadvantage for lower SES
groups. These inequalities were found for both genders
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Table 3 Logistic GEE-regression on multimorbidity prevalence risks by SES, age, and year, stratified for gender
Men Women
OR 95%-C| p OR 95%-C| p
Educational level low 1 1
high 0.68 0.63-0.74 <0.001 0.62 0.57-0.67 <0.001
missing 0.87 0.84-0.90 <0.001 0.94 0.91-0.98 0.002
Income low 1 1
middle 0.83 0.79-0.86 <0.001 0.92 0.89-0.94 < 0.001
high 0.72 0.69-0.75 <0.001 0.91 0.88-0.95 0.001
missing 0.83 0.80-0.87 <0.001 1.05 1.02-1.09 < 0.001
Occupational group unskilled 1 1
skilled 0.88 0.86-0.91 <0.001 0.91 0.88-0.94 <0.001
specialists 1.04 0.99-1.08 0.116 0.81 0.78-0.83 < 0.001
highly qualified 0.83 0.77-0.88 <0.001 0.79 0.73-0.86 < 0.001
missing 0.78 0.75-0.82 <0.001 0.63 0.58-0.68 < 0.001
Year 1.09 1.09-1.10 <0.001 1.06 1.06-1.06 <0.001
Age 1.15 1.14-1.15 <0.001 113 1.12-1.13 < 0.001
Number of subjects 407,274 293,570
Number of observations 2,835451 1,973,699
Wald Chi? (p) 29,912.71 (df=11) (< 0.001) 18,181.09 (df = 11)(< 0.001)

OR odds ratio,95%-Cl 95%-confidence interval, p p-value, df degrees of freedom

and persisted throughout the observation period. With
regard to educational level and occupational groups, no
distinct gender differences in the strength of these gradi-
ents could be found. However, a much smaller income
gradient in women than in men was observed which can
most likely be explained by the generally lower income
level of women. Against the backdrop of stronger in-
creases in multimorbidity prevalence risks over time in
men, our analyses show a rather strong increase in abso-
lute health disparities in terms of educational level. In
women, the growth of inequalities in multimorbidity was
less pronounced and appeared only in differences be-
tween occupational groups. These findings indicate a
slower progress of social disparities in multimorbidity in
women than in men.

The estimated interaction terms indicate a tendency
towards narrowing relative inequalities. However, this is
not contradicting the widening absolute inequalities re-
ported in this study. The interaction terms represent
changes in health disparities within a specific SES group
relatively to the level of multimorbidity risks in the first
year of observation. Due to such differences at the base-
line level, the same relative change in multimorbidity
prevalence risks results in different amounts of absolute
change. However, decreases in relative inequalities would
have led to narrowing absolute inequalities if they would
have been much stronger or would have been constant
over a much longer time period than the observation
period covered by the data.

Strengths and limitations

Up to now, little is known about the development of
health inequalities in multiple chronic conditions over
time. Our study attempts to step into this gap by compar-
ing time trends in multimorbidity between SES groups
among the working population using population-based
health insurance claims data. The data contain large case
numbers and provide detailed information on diagnoses
and medications that permit to include a wide range of
chronic conditions. Furthermore, our data represent a
complete insurance population and are therefore un-
affected by health-related nonresponse, which could occur
if ill health leads to reduced study participation in surveys
[35]. With respect to age and sex, the insurance popula-
tion is comparable to that of Germany but differs from
the general population in terms of occupational groups
and educational levels [24] which could lead to an over-
estimation of morbidity if crude measures are employed.
This overrepresentation of individuals holding lower
socio-economic positions is controlled for as all analyses
performed are adjusted for SES.

As the analyses are restricted to the working population,
early retirement and unemployment due to poor health
may lead to an underestimation of multimorbidity preva-
lence if the health of working-age populations should be
investigated. However, following the assumption that the
impact of poor health on early retirement and unemploy-
ment is constant over time, the reported time trends in in-
equalities in multimorbidity remain unaffected.
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The chosen multimorbidity measure is based on a def-
inition that classifies individuals as suffering from multi-
morbidity, who have six or more chronic conditions and
are treated with five or more drugs. This strict definition
leads to rather low prevalence proportions among the
middle-aged and older working population but is consid-
ered to be robust against changing coding practice that
might have taken place over time as it shifts the focus to
individuals requiring a higher degree of medical care
[29, 32]. The application of a less restrictive definition
would have led to higher prevalence proportions because
less severe degrees of multimorbidity are expected to de-
velop earlier in life but would have reduced the reliabil-
ity of the results due to measurement issues.

The dataset used contains information on education,
income, as well as on occupational position. As it is
known, that these indicators measure different dimen-
sions of determinants influencing health they cannot be
used interchangeably [25, 26]. The socio-economic infor-
mation included in our dataset allows to analyse health
inequalities in terms of each of these three SES indica-
tors simultaneously, which can provide a deeper under-
standing of the underlying processes.

Conclusions

Using health insurance claims data, we found that time
trends in multimorbidity among the working population
differ between SES groups. This led to a growing disad-
vantage in men with lower educational levels and, to a
lesser extent, women holding lower occupational posi-
tions. Thus, absolute social inequalities in multimorbid-
ity are not only persisting but increasing over time.
Keeping in mind that the presence of multiple chronic
conditions hampers the ability to meet job requirements,
growing inequalities in multimorbidity can be expected
to foster both, the economic and the health disadvantage
of individuals in lower SES groups. As policies aim on
prolonging working lives, public health efforts have to
focus on reducing these inequalities and on maintaining
health among working populations up into the higher
ages. In order to gauge the limits for further public
health improvements, additional research is needed on
how changes in lifestyles, prevention strategies, and
working conditions have influenced the observed trends.
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