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Development of comorbidities 
in type 2 diabetes between 2005 
and 2017 using German claims data
Batoul Safieddine1*, Stefanie Sperlich1, Jelena Epping1, Karin Lange2 & Siegfried Geyer1

Against the background of increasing life expectancy over time, several hypotheses have been 
proposed on the way morbidity has been developing. In type 2 diabetes (T2D), previous research 
suggests that morbidity compression could be ruled out due to increasing prevalence and life 
expectancy with T2D over time. Understanding how the health state in individuals with T2D is 
developing would help identify whether morbidity expansion or a dynamic equilibrium pattern applies 
for this disease. This study aims to answer the following questions: (1) How do the number and the 
prevalence of T2D concordant comorbidities develop over time? (2) What does this imply in terms 
of morbidity development in T2D in Germany? The study used claims data from a statutory health 
insurance provider in Lower Saxony, Germany. Period prevalence of T2D concordant comorbidities 
was examined for the periods 2005–2007, 2010–2012 and 2015–2017 in 240,241, 295,868 and 
308,134 individuals with T2D respectively. The effect of time period on the number and prevalence of 
comorbidities was examined by means of (ordered) logistic regression. The age-adjusted predicted 
probabilities of more severe cardiovascular diseases (CVDs) decreased over the three periods while 
those of less severe CVDs and other vascular diseases increased significantly in men and women 
and among all examined age-groups. Predicted probability of having at least one more comorbidity 
over time also increased significantly among all examined groups. While less and more severe 
CVDs exhibited different developmental patterns, the results of the study point towards morbidity 
expansion in T2D. Future studies should focus on mechanisms that contribute to these trends.
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AOKN  Allgemeine Ortskrankenkasse Niedersachsen
CVD  Cardiovascular disease
ICD-10-GM  International Classification of Disease, version 10, German modification
OR  Odds ratio
PR  Prevalence ratio
T2D  Type 2 diabetes
WidO  Scientific Institute of AOK (Wissenschaftliches Institute der AOK)

Beside the evidence of increasing life expectancy in many countries around the  world1,2, the health state and 
morbidity during the gained life time have been an area of investigation in the public health sector. Since the late 
1970s, three alternative hypotheses have been proposed on how morbidity could be developing over time. In 1977, 
Ernest Gruenberg presented the hypothesis of morbidity expansion. His hypothesis suggests that while medi-
cal progress is associated with an improvement in life expectancy, it does not necessarily imply compression of 
morbidity due to a more prolonged time spent with morbidity and chronic  disease3. A few years later, James Fries 
formulated a more optimistic approach designating compression in morbidity. His hypothesis suggests that due 
to better primary prevention and living conditions, onset of morbidity is postponed towards higher age groups 
and that at a faster pace than the increase of life expectancy. According to Fries, the impact of primary prevention 
on morbidity exceeded that on mortality thus leading to morbidity  compression4,5. In 1982, Kenneth Manton 
reposed an intermediate position by formulating the hypothesis of dynamic equilibrium. It suggests that while 
advances in modern medicine are associated with an increase in the rates of chronic diseases and disabilities, 
they also are associated with better quality of life due to improved coping, independency and social  inclusion6.
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Yet, the above mentioned hypotheses were not formulated for specific diseases but rather focused on general 
morbidity. While various studies examined the development of morbidity drafting different development pat-
terns, many of them did not focus on specific diseases as  outcomes7,8. It therefore remains open how the devel-
opment of morbidity will look like when specific diseases are considered. Type 2 Diabetes (T2D) is a disease of 
global concern due to its relatively high prevalence rate and the associated public health  burden9,10. In Germany, 
research examining the development of morbidity in the context of T2D has been recently initiated. Two studies 
were conducted using the same large dataset of claims data from Lower Saxony (the same data base used in this 
study). The first one investigated the change in T2D age at onset and age at death between the years 2005–2013. 
It showed that in the younger age group (19–39 years), age at onset was declining over time while age at death 
was increasing for the age cohort 60–79  years11. The second study investigated the change in life expectancy 
with T2D from 2005 to 2014. The study found that life expectancy with T2D increased steadily and significantly 
for both genders and all age groups considered. The study also found that prevalence rates increased during 
the examined period with a 3.8% increase in the age standardized prevalence in both men and  women12. The 
results of the preceding studies suggest that in this population, compression of morbidity is ruled out for the 
case of T2D. Nevertheless, the results do not necessarily signpost an expansion of morbidity. Based on Manton’s 
 hypothesis6, if individuals with T2D were adjusting their lifestyle to the disease and thus have less complications 
and better quality of life over time, a dynamic equilibrium would instead mirror the development of morbidity. 
Therefore, the question remains unanswered whether the hypothesis of morbidity expansion really applies to 
individuals with T2D.

The quality of life in individuals with T2D is primarily affected by associated complications and 
 comorbidities13. If not well managed, T2D can cause severe cardio-vascular and neurological  complications14 
that, beside the distress of daily coping and disease management, can significantly deteriorate the quality of life 
in individuals with  T2D15–17. Not only do T2D complications affect the quality of life of individuals, but also do 
they have a public health impact due to the associated financial burden. It is estimated that in Germany, one in 
every ten euros of health care expenditure is currently spent on direct medical costs of T2D. These costs amount 
to 16.1 billion euros annually with two-thirds attributed to the treatment of diabetes secondary  diseases18. Against 
this background, this study investigates how comorbidities are developing over time in T2D. This would help to 
better identify the morbidity development pattern in this very common disease, which is in turn essential for 
future planning of public health relevant issues such as budget planning and the postponement of retirement age.

Following the disease management program for T2D that was introduced in 2003 in Germany, it can be 
expected that since then, individuals with T2D are better coping with the disease due to the implementation of 
evidence-based guidelines and education  measures19,20. Therefore, we hypothesize that the prevalence of diabetes 
comorbidities would be decreasing over time, which would support the hypothesis of dynamic equilibrium in 
the context of T2D. If on the contrary the prevalence of T2D comorbidities either remained stable or increased 
over time, this would support the hypothesis of morbidity expansion. However, while to our knowledge only 
a few studies examined the trends in T2D comorbidities, their results provide contradicting evidence on their 
developmental patterns. A recent study from the UK examined the trend of a large list of T2D comorbidities 
and reported increasing prevalence of depression but no change in the prevalence of T2D concordant conditions 
from the year 2007 through  201721. Another study from Sweden reported a substantially declining incidence of 
cardiovascular diseases among individuals with diabetes from the year 1998 through  201422. A US study however 
found contradicting results where it pointed towards an increasing trend in the prevalence of CVD comorbidities 
but not in other  comorbidities23.

In this study, using claims data from a large statutory health insurance provider in the state of Lower Saxony-
Germany, we aim to investigate the development of comorbidities in T2D over time during the period 2005–2017. 
Due to the scope of the study, we chose to focus on T2D concordant comorbidities. Specifically, we aim to answer 
the following questions:

1. How does the number of T2D concordant comorbidities in individuals with T2D develop over time?
2. How does the prevalence of T2D concordant comorbidities develop over time?
3. What do the answers of the two above questions indicate in terms of morbidity development in T2D in 

Germany?

Methods
Data. This study is based on claims data from a large statutory health insurance provider in Lower Saxony, 
Germany: the Allgemeine Ortskrankenkasse Niedersachsen (AOKN). In Germany, health insurance is manda-
tory and 90% of the population has health insurance under the regulation of statutory health insurances with 
insurance premiums that depend on personal  income24. Statutory health insurance operates under public law, 
and health care plans are defined according to nationwide regulations. AOKN insures around one third of the 
population in the state of Lower Saxony with a somewhat varying socioeconomic distribution from the German 
 population25. The data by AOKN is mainly collected for accounting purposes and are currently available for the 
years 2005 to 2017. The data includes demographic information, in- and outpatient diagnoses, medical prescrip-
tions and medical treatments.

The access to the data was granted by a signed contract with the AOKN under consideration and adherence 
of data security and privacy issues. Basic plausibility and data management were performed by the AOKN. 
Pseudonymised datasets were then made available at the institute of the research team.

Definition of T2D cases and comorbidities. This study was performed using data from insured women 
and men with T2D aged 18 years and older. All diagnoses are coded according to the German-modified 10th 
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version of the International Classification of Diseases (ICD-10-GM), which slightly differs from the interna-
tional version.

Diabetes mellitus with its various types is assigned the ICD-10-GM codes E10-E14. While T2D is assigned 
the code E11, erroneous or double coding (different diabetes codes for the same patient) could be detected in the 
data. Thus, in order to improve the accuracy of defining T2D cases, certain criteria were applied: First, individu-
als who had E11 as the most frequently coded diagnosis during the observation period were considered to be 
having T2D. When the most frequent diagnosis was E14 which refers to the category “undefined”, individuals 
were also considered to have T2D because T2D constitutes almost 90% of all diabetes  cases9. In addition, since 
type-1 diabetes always involves insulin intake, individuals with E10 most frequently coded but without any 
insulin prescription were also considered T2D cases. Moreover, individuals insured for more than one quarter 
but have a diabetes diagnoses in only one quarter were not considered as eligible cases. For the identification 
of T2D diagnoses, both confirmed outpatient diagnoses and primary and secondary inpatient diagnoses were 
considered. Outpatient diagnoses with the data fields “suspected” or “ruled out” were not considered.

The list of T2D-concordant comorbidities was defined according to previous  research14,26. Comorbidities 
included were: hypertension, hyperlipidemia, cardiac insufficiency, angina pectoris, myocardial infarction, 
stroke, retinopathy, nephropathy and polyneuropathy which were also defined according to the corresponding 
ICD-10-GM codes. Obesity was not considered in the study because it is only very rarely coded by physicians. 
Where it was not clear which codes correspond to the comorbidities in question, the definition of codes was 
done according to that of the Scientific Institute of AOKN (WIdO)27. WIdO publishes consecutive reports on 
different diseases and the utilization of medical services using claims data of the  AOKN28. Similar to the above-
mentioned definition criterion for T2D, cases of chronic comorbidities such as hypertension were considered 
eligible if they had diagnoses in at least two quarters, given that they are insured for more than one quarter. 
Confirmed outpatient and/or primary and secondary inpatient diagnoses were considered for the identification 
of comorbidities depending on the type of comorbidity. The list of ICD-10-GM codes as well as the types of 
diagnoses used to define the examined comorbidities is found in Supplementary Table S1.

Time periods. The development of comorbidities in T2D was examined over three time periods with equal 
intervals and gaps as follows: Period one involved the years 2005–2007, period two involved the years 2010–2012 
and period three the years 2015–2017. In order to limit bias, T2D as well as all included comorbidities were 
newly defined using the same defining criteria described above in each of the three periods. This would improve 
the comparability of the three periods because it allows for the same potential errors in the identification of T2D 
and comorbidities in all three periods. Including three 3-year periods to examine the development of comorbidi-
ties was convenient in order to allow for subgroup analyses (three age groups and gender) since some examined 
comorbidities such as stroke or myocardial infarction could be rare for certain subgroups and the number of 
events within only one year would not be sufficient for analysis. Considering 3-year time periods was also a 
dynamic solution since first, having longer periods would lead to a greater overestimation of the period preva-
lence when considering the observation time in the denominator (weighting the denominator according to 
person time to adjust for censoring), and second, having shorter periods (for example 2-year periods) would 
create more subgroups (five time periods, nine comorbidities, three age groups and two gender groups) which 
would affect the clarity and presentation of the results. Since the data is available for 13 years at the time of the 
study, it was chosen to have three observation periods with equal intervals and equal gaps in between in order 
to improve their comparability while still considering the earliest and the latest years available to examine the 
temporal development of T2D comorbidities. Therefore, the years 2008–2009 and 2013–2014 were not consid-
ered in the analysis.

Statistical analyses. All statistical analyses in this study were stratified by gender and three age groups: 
18–45 years, 46–64 years and 65 + years in order to provide a more comprehensive picture on the development 
of comorbidities in T2D among men and women over different age groups. In the first line of analysis, the 
change in the number of comorbidities in individuals with T2D was examined. The number of comorbidities 
was grouped into the four categories: “0”, “1”, “2” and “3 + ” (3 or more). Since the outcome is ordinal, ordered 
logistic regression was applied while adjusting for within cluster variation in order to correct for the possible 
existence of autocorrelation. In this analysis, the outcome was the number of comorbidities with the four above 
mentioned categories and the main independent variable was “time period” while adjusting for age within each 
age group and insurance duration. Ordered logistic regression provides an Odds Ratio (OR) indicating the odds 
of being one category higher in the outcome (in our case 0 to 1, 1 to 2 or 2 to 3 + comorbidities) for the examined 
group (in our case the periods 2010–2012 and 2015–2017) compared to the control group (2005–2007).

In the second line of analysis, the single comorbidities were considered. First, period prevalence was calculated 
for each of the nine examined T2D comorbidities. Since not all individuals are insured (and thus observed) for the 
same amount of time in the examined periods, denominators were weighted according to person-time. Second, 
in order to examine whether the change in the prevalence of comorbidities was significant over the three periods, 
logistic regression analysis was applied. In this analysis, it was also adjusted for the within cluster variation due 
to possible effects of having individuals in more than one period which can be associated with autocorrelation. 
Comorbidities were grouped into three categories in order to provide a lucid overview. The first category com-
prised less severe cardiovascular comorbidities (CVD-Less Severe) summarizing hypertension, hyperlipidemia 
and cardiac insufficiency. The second category included more severe cardiovascular comorbidities (CVD-More 
Severe): myocardial infarction, stroke and angina pectoris. The third category (Other Vascular Diseases) included 
the other three examined comorbidities: retinopathy, nephropathy and polyneuropathy. The models included 
the grouped comorbidities variables as outcome, the time period as the main independent variable and adjusted 
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for age within each age category and duration of observation while applying margins at means to ease the inter-
pretation. In this analysis, Prevalence Ratios (PRs) were used instead of ORs to interpret the effect of time on 
comorbidities. This is because ORs tend to either overestimate (when OR > 1) or underestimate (when OR < 1) 
effects when dealing with outcomes of more than 10% prevalence  rate29.

In all regression analyses mentioned above, the results were also displayed graphically using predicted prob-
abilities. Predicted probabilities were estimated using margins at means adjusting for age and insurance dura-
tion. They have the benefit of revealing adjusted effects that can be interpreted with higher accuracy compared 
to prevalence  rates30.

All analyses were performed with the software: STATA v15.1. All methods were performed in accordance 
with the relevant guidelines and regulations.

Ethics approval and consent to participate. No ethics approval is required for this study. The analyses 
were performed using a pseudonymized pre-existing claims dataset. Their scientific use is regulated by German 
law in the German Civil Code “Bürgerliches Gesetzbuch”.  The data protection officer of the Local Statutory 
Health Insurance of Lower Saxony-AOK Niedersachsen (Germany) has given permission to use the data for 
scientific purposes.

Results
Our study population consists of individuals with T2D in the three observed periods: 2005–2007, 2010–2012 
and 2015–2017. The study was done on 240241, 295868 and 308134 individuals with T2D in periods one, two 
and three respectively. Basic population characteristics in the three examined periods are presented in Table 1.

In the three observed periods, the period prevalence of T2D increased considerably in both genders and all 
age groups. Since examining the prevalence trend of T2D was not a major part of this study, results of this ad 
hoc analysis are illustrated in Supplementary Table S2 and Supplementary Figure S3.

Prevalence of single comorbidities. Table 2 presents the period prevalence rates of the nine included 
comorbidities stratified by age group, gender and time period. The results show that comorbidities with the high-
est prevalence rates in all examined groups and all three periods were hypertension and hyperlipidemia, while 
myocardial infarction and stroke were the least prevalent. Besides that, the prevalence of the three comorbidities: 
myocardial infarction, angina pectoris and stroke either decreased or only very slightly increased over the three 
periods. On the other hand, the period prevalence rates of all other examined comorbidities increased over the 
three time periods. The highest increase was observed in nephropathy and polyneuropathy which almost dou-
bled between the periods: 2005–2007 and 2015–2017 for most of the examined groups (Table 2).

Development of the number of comorbidities over time. Holding age and insurance duration at 
their mean values within each examined group, the predicted probability of having no comorbidities decreased 
over the three periods in both genders and all three examined age groups among our population of individu-
als with T2D (Fig. 1). However, the development of the three other categories (1, 2 and 3 + comorbidities) was 
not identical among the three examined age groups. In men and women aged 18–45 years, the probability of 
having at least one comorbidity increased by 2 to 6%. In the age group 46–64 years, the probability of having 
only one comorbidity decreased by 8 to 9% in men and women respectively, while the probabilities of having 2 
or 3 + comorbidities increased. In individuals aged 65 + years, the probabilities of have only 1 or only 2 comor-
bidities decreased, while the probability of having 3 + comorbidities increased considerably in men and women, 
from around 38% in 2005–2007 to 64% in 2015–2017 (Fig. 1).

The ordered logistic regression analysis showed that in all three age groups and among both genders, there 
was a significant increase in the number of comorbidities over time. In this analysis, the outcome variable was the 
number of comorbidities which was illustrated by the four categories: 0, 1, 2 and 3 + comorbidities. In individuals 
with T2D aged 18–45 years, being in the second period was associated with 29% and 22% more risk of having at 
least one additional comorbidity compared to the period 2005–2007 for men and women respectively. The risk 

Table 1.  Population characteristics.

2005–2007 2010–2012 2015–2017

N 240,241 295,868 308,134

Age

18–45 years n (%) 10,893 (4.5) 13,745 (4.7) 14,724 (4.8)

46–64 years n (%) 58,923 (24.5) 80,621 (27.3) 86,585 (28.1)

65 + years n (%) 170,425 (70.9) 201,502 (68.1) 206,825 (67.1)

Gender

Women n (%) 135,816 (56.5) 159,544 (53.9) 161,222 (52.3)

Men n (%) 104,425 (43.5) 136,324 (46.1) 146,912 (47.7)

Insurance duration

Mean (SD) 1009 (231) 1005 (227) 1003 (242)



5

Vol.:(0123456789)

Scientific Reports |        (2021) 11:11149  | https://doi.org/10.1038/s41598-021-90611-x

www.nature.com/scientificreports/

of having more comorbidities increased to 74% and 59% for the period 2015–2017 compared to 2005–2007 for 
men and women respectively. In the age group 46–64 years, the increase in the risk of having more comorbidities 
over time was more prominent. While men and women in this group respectively had 40 and 32% higher odds 
of having at least one more comorbidity in the second time period, the risk almost doubled in the time period 
2015–2017. The increase in the risk for having a higher number of comorbidities was most pronounced in the 

Table 2.  Period prevalence of single comorbidities in T2D patients (in percent) by age group, sex and time 
period.

Age Comorbidity

Males Females

2005–2007 2010–2012 2015–2017 2005–2007 2010–2012 2015–2017

18–45 years

Myocardial infarction 1.10 1.02 1.55 0.45 0.35 0.29

Angina pectoris 2.25 2.00 1.61 1.26 1.22 0.59

Stroke 0.74 0.59 0.66 0.59 0.43 0.49

Hypertension 40.58 48.90 55.35 36.03 41.15 45.87

Hyperlipidemia 30.61 32.67 36.15 20.51 21.54 23.05

Cardiac insufficiency 2.21 2.63 3.04 0.93 1.27 2.14

Retinopathy 2.19 2.00 2.82 2.05 1.59 2.29

Nephropathy 3.16 4.32 5.79 2.60 3.32 4.33

Polyneuropathy 7.23 8.81 9.98 7.17 9.92 10.60

46–64 years

Myocardial infarction 2.76 2.88 3.04 1.18 1.07 1.17

Angina pectoris 5.80 5.56 4.66 3.87 3.22 2.64

Stroke 2.13 2.06 2.15 1.31 1.30 1.20

Hypertension 66.44 74.41 81.10 70.27 76.86 81.95

Hyperlipidemia 43.79 50.20 55.89 37.77 43.52 48.36

Cardiac insufficiency 7.40 9.22 11.78 6.21 6.86 8.06

Retinopathy 4.08 4.46 5.55 4.19 4.29 5.36

Nephropathy 6.62 9.63 13.09 4.92 7.39 10.93

Polyneuropathy 12.61 18.28 22.02 13.55 18.49 22.80

65 + years

Myocardial infarction 4.54 4.70 4.47 3.21 3.08 2.70

Angina pectoris 8.93 8.83 7.24 6.73 6.45 5.18

Stroke 5.34 5.06 5.04 5.13 4.73 4.46

Hypertension 84.91 95.71 100 90.79 98.91 100

Hyperlipidemia 46.57 58.35 66.61 44.75 55.51 62.60

Cardiac insufficiency 25.88 29.17 34.80 33.89 33.50 36.56

Retinopathy 6.02 7.35 9.71 6.21 7.34 9.21

Nephropathy 19.36 27.67 38.22 15.86 24.09 36.03

Polyneuropathy 15.49 23.51 32.74 15.99 23.59 32.55

Figure 1.  Predicted probabilities of the number of comorbidities in T2D over time period, stratified by age and 
gender. CM comorbidity.
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age group 65 + years. In this age group, men and women were almost 1.5 times more likely to have at least one 
additional comorbidity in 2010–2012, and had up to 2.75 times higher risk in 2015–2017 (Table 3).

Development of the three comorbidity groups. The development of the two CVD comorbidity 
groups: less severe and more severe exhibited different patterns. The risk of having at least one of the less severe 
comorbidities (hypertension, hyperlipidemia or cardiac insufficiency) increased significantly over the three peri-
ods in both men and women and all three age groups (Table 4). The increase in the risk for this comorbidity 
group was most pronounced in individuals aged 18–45 years with 12–15% higher risk in 2010–2012 and 26–27% 
higher risk in 2015–2017 for women and men respectively. On the other hand, the risk of having more severe 
comorbidities (myocardial infarction, stroke or angina pectoris) did not show a significant change for a few of 
the examined groups: 18–45 year old men over the three time periods, 18–45 year old women over the second 
time period and 46–64 year old men over the second time period. For all other examined groups, the risk of hav-
ing more severe CVD decreased significantly. The decreased risk was more pronounced in women than in men 
with up to 21% decreased risk in the period 2015–2017. The risk of having other vascular diseases (retinopathy, 
nephropathy and polyneuropathy) also increased significantly over the three time periods for men and women 

Table 3.  Odds ratios and confidence intervals of the effect of time period on the number of comorbidities 
in T2D patients, stratified by age and gender, estimated by means of ordered logistic regression adjusting for 
within cluster variation. Adjusted for age (within each age group) and insurance duration. Outcome: number 
of comorbidities in four categories: 0, 1, 2 and 3 + . All odds ratios were significant at p < 0.001.

18–45 years 
n (men) = 19,340
n (women) = 20,022

46–64 years 
n (men) = 127,461
n (women) = 98,668

65 + years 
n (men) = 240,860
n (women) = 337,892

OR CI OR CI OR CI

Men

2005–2007 1 – 1 – 1 –

2010–2012 1.29 1.22—1.38 1.40 1.37—1.43 1.55 1.52—1.58

2015–2017 1.74 1.63—1.86 2.07 2.01—2.12 2.75 2.70—2.80

Women

2005–2007 1 – 1 – 1 –

2010–2012 1.22 1.14—1.30 1.32 1.29—1.36 1.49 1.47—1.51

2015–2017 1.59 1.49—1.69 1.97 1.91—2.03 2.62 2.57—2.66

Table 4.  Prevalence ratios and confidence intervals of the effect of time period on the comorbidity-index 
variables (1) severe CVD, (2) less severe CVD and (3) other vascular diseases, stratified by age and gender as 
estimated by means of logistic regression adjusting for within cluster variation. Adjusted for age (within each 
age group) and insurance duration. CVD-less severe: hypertension, cardiac insufficiency or hyperlipidemia. 
CVD-more severe: stroke, myocardial infarction or angina pectoris. Other vascular diseases: retinopathy, 
nephropathy or polyneuropathy.

18–45 years 
n (men) = 19,340
n (women) = 20,022

46–64 years 
n (men) = 127,461
n (women) = 98,668

65 + years 
n (men) = 240,860
n (women) = 337,892

PR CI p PR CI p PR CI p

CVD—less severe

Men

2005–2007 1 – 1 – 1 –

2010–2012 1.15 1.11—1.18  < 0.001 1.08 1.07—1.09  < 0.001 1.06 1.05—1.06  < 0.001

2015–2017 1.27 1.23—1.31  < 0.001 1.15 1.14—1.16  < 0.001 1.09 1.09—1.09  < 0.001

Women

2005–2007 1 – 1 – 1 –

2010–2012 1.12 1.08—1.16  < 0.001 1.06 1.06—1.07  < 0.001 1.04 1.04—1.05  < 0.001

2015–2017 1.26 1.21—1.31  < 0.001 1.11 1.11—1.12  < 0.001 1.06 1.06—1.06  < 0.001

CVD—more severe

Men

2005–2007 1 – 1 – 1 –

2010–2012 0.93 0.75—1.11 0.483 0.98 0.94—1.02 0.295 0.95 0.93—0.97  < 0.001

2015–2017 1.02 0.82—1.22 0.840 0.92 0.88—0.96  < 0.001 0.84—0.88  < 0.001

Women

2005–2007 1 – 1 – 1 –

2010–2012 0.89 0.67—1.12 0.369 0.89 0.83—0.95  < 0.001 0.93 0.91—0.95  < 0.001

2015–2017 0.64 0.46—0.82  < 0.05 0.79 0.74—0.85  < 0.001 0.81 0.79—0.83  < 0.001

Other vascular diseases

Men

2005–2007 1 – 1 – 1 –

2010–2012 1.23 1.11—1.35  < 0.001 1.33 1.30—1.36  < 0.001 1.30 1.28—1.31  < 0.001

2015–2017 1.48 1.34—1.63  < 0.001 1.62 1.58—1.66  < 0.001 1.65 1.63—1.67  < 0.001

Women

2005–2007 1 – 1 – 1 –

2010–2012 1.30 1.17—1.43  < 0.001 1.27 1.24—1.31  < 0.001 1.34 1.33—1.36  < 0.001

2015–2017 1.49 1.34—1.63  < 0.001 1.59 1.54—1.63  < 0.001 1.76 1.74—1.78  < 0.001
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of all age groups. The increase in the risk was even more pronounced than that observed for less severe CVD, but 
was quite similar in both genders. In 18–45 year olds, there was up to 49% more risk in 2015–2017 compared to 
2005–2007. The increase in the risk was even higher in the two older age groups with up to 76% increased risk 
for 65 + year old women in the 2015–2017 (Table 4).

These results could also be observed through the predicted probabilities illustrated in Fig. 2. While the prob-
ability of having less severe CVD was already relatively high in the first time period, an increasing trend in the 
adjusted predicted probabilities is noticeable. Keeping age and insurance duration at their mean values within 
each examined age group and gender, the probability of having less severe CVD was as high as 42–50% for 
18–45 year olds, 75–78% for 46–65 year old and around 90% for 65 + year olds in 2005–2007. These probabilities 
increased by over 10% for all examined groups in the time period 2015–2017 reaching up to 95–97% for 65 + year 
old men and women respectively. On the other hand, the adjusted probabilities of having more severe CVD 
remained more or less constant for 18–45 year olds but decreased by a few percent points for the two older age 
groups. The probability of having at least one comorbidity from the comorbidity group “other vascular diseases” 
showed an increasing trend for all age groups, and the probabilities were rather similar among men and women. 
The increase in the predicted probability for this comorbidity group was up to 5% for 18–45 year olds, 11% for 
46–65 year olds and 32% for 65 + year olds.

Discussion
In an attempt to understand the morbidity development pattern in the context of T2D, this study investigated 
the development of T2D concordant comorbidities in a population of statutory insured individuals in Lower 
Saxony, Germany. Since the disease management program was introduced in 2003 in Germany, it was hypoth-
esized that comorbidities would be decreasing due to better secondary  prevention20, which would support the 
dynamic equilibrium hypothesis of  Manton6. However, this study showed that the number of T2D concordant 
comorbidities as well as the predicted probabilities of less severe CVDs and other vascular diseases are consider-
ably increasing over time in men and women with T2D between the years 2005 and 2017.

The results of previous studies examining the trends in comorbidities in T2D are not fully consistent. While 
Zhang et al. (2010) showed a rising trend only in CVDs among other investigated T2D comorbidities in the 
US, Rawshani et al. (2017) reported a substantially declining incidence of CVDs in T2D in Sweden. In addi-
tion, Nowakowska et al. (2019) reported only an increase in depression but no change in other T2D concordant 
comorbidities over time in the  UK21. One possible explanation for the contradicting results could be related to the 
undiagnosed T2D cases, the so-called dark figure. Since T2D often remains undetected until comorbidities have 
been developed, the prevalence of comorbidities could be overestimated. Nevertheless, there is evidence that the 
prevalence of undiagnosed T2D cases has been decreasing in Germany with a 1,8% reduction between the years 
1997 (3.8%) and 2011 (2%)31. This implies that the denominator is increasing when estimating the prevalence of 
comorbidities leading to less overestimation of the prevalence of comorbidities in Germany.

Figure 2.  Predicted probabilities of having less severe CVD, more severe CVD and other vascular diseases in 
T2D over time period, stratified by age and gender.
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Another explanation for contradicting results of the temporal development of comorbidities could be the issue 
of “up-coding” associated with claims data. It has been hypothesized that more diagnoses are being coded from 
the side of the physicians especially after implementation of the disease management program in 2011 which 
provides adequate follow up and screening for comorbidities in T2D patients. Yet, this cannot be confirmed as 
to our knowledge, no scientific evidence exists on up-coding so far. Furthermore, the results of other survey-
based studies in Germany are in favor of the results obtained in this study. A recent survey based study by Sper-
lich et al. investigated the change in disability rates in T2D patients in Germany and found that, among all age 
groups, disability rates have been significantly increasing. The study showed that the increase in disability rates 
was significantly attributed to the increase in depression, obesity and other  comorbidities17. This supports the 
results of our study which point towards an expansion of morbidity in T2D rather than a dynamic equilibrium. 
Even though the prevalence of more severe CVDs did not significantly increase, but rather decreased over time in 
most examined subgroups, the described results of this study still support expansion of morbidity. This is because 
more severe CVDs are often followed by severe disabilities, shorter lifespan or  mortality32. On the other hand, 
life expectancy with diabetes has been rising  significantly12 and age at onset of T2D has been shown in previous 
studies to be  decreasing11. These findings, together with the finding of this study about the increasing trend in 
the number and the prevalence of most T2D concordant comorbidities indicate that T2D patients are in fact 
living longer with more disease related complications over time.

Yet, it is questionable why the prevalence of more severe comorbidities decreased while other comorbidities 
increased significantly. In Germany, previous studies point towards morbidity compression in severe outcomes 
such as myocardial  infarction33,34 and  stroke35,36. In addition, a recent study done on disability trends in Europe 
showed that overall disability increased by 2.37% between 2006 and 2016, while there was only a slight increase 
(0.44%) in severe  disabilities37. The robust increase found in this study in the prevalence of less severe CVDs 
which act as risk factors for health outcomes such as myocardial infarction and stroke can be reasoned by several 
arguments. It can be speculated that a higher prevalence of medical drugs intake, accompanied by deterioration 
in lifestyle risk factors such as nutrition, smoking and lack of physical activity could be the reason behind such a 
development. The more common intake of drugs could postpone or prevent serious health events, but not neces-
sarily lead to morbidity compression due to prolonging the time spent with disability. A German survey based 
longitudinal study examined the development of cardio-metabolic risk factors and found that the prevalence of 
the use of antidiabetic, cholesterol lowering and antihypertensive medications rose significantly between 1990 
and  201138. At the same time, the study reported a rising prevalence of smoking and obesity which are major 
risk factors for diabetes and its comorbidities. Nevertheless, more recent analyses would be essential to validate 
these results and draw adequate conclusions on the mechanisms leading to the described developments of T2D 
comorbidities. Further studies are planned to investigate the trend of the use of medications among individuals 
with T2D in our study population. Investigating the trends in lifestyle risk factors in our study population is also 
essential but would only be possible through matching survey data and applying multi-level analysis due to the 
lack of lifestyle information in claims data. In addition, this study did not stratify by or adjust for socioeconomic 
status in order to observe the actual development apart from the temporal change in socioeconomic factors that 
could play a role. Since  T2D39 as well as the risk factors for  comorbidities40 are largely affected by social factors, 
understanding social inequalities in the development of comorbidities would provide a more comprehensive 
picture of the underlying mechanisms.

Strengths and limitations. This study was done using claims data that includes a large population of 
statutory insured individuals in the state of Lower Saxony, thus providing adequate power. All diagnoses are 
captured with no effects of recall or selection bias that are usually associated with survey-based studies. However, 
due to the scope of the study, only T2D concordant comorbidities were considered. Other comorbidities such as 
depression are also common and can affect the quality of life and morbidity situation of individuals with T2D. 
Thus, considering the development of T2D discordant comorbidities is necessary to confirm the conclusions of 
this study. Second, since T2D is often diagnosed after individuals have already developed related complications, 
the prevalence of comorbidities could have been overestimated. In addition, since AOKN have a somewhat vary-
ing socioeconomic distribution from the general population in  Germany25, the results cannot be fully general-
ized and a socioeconomically stratified analysis should follow.

Conclusions
This study found that the age adjusted predicted probabilities of more severe CVDs decreased while those of less 
severe CVDs and other vascular diseases increased over time in men and women with T2D. The results point 
towards morbidity expansion in the population of type 2 diabetics in the state of Lower Saxony, Germany. Future 
studies should focus on mechanisms that contribute to these trends. Examining the temporal developments of 
the use of medications, T2D risk factors as well as socioeconomic status are the following steps in understanding 
the underlying mechanisms.

Data availability
The data underlying this study belong to the Allgemeine Ortskrankenkasse Niedersachsen (AOKN-General Local 
Health Insurance of Lower Saxony). The data are not publically available due to protection of data privacy of the 
insured individuals by the AOKN. Interested researchers can send data access requests to Dr. Jona Stahmeyer 
at the AOKN using the following e-mail address: Jona.Stahmeyer@aok.nds.de. The authors did not have any 
special access privileges.



9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:11149  | https://doi.org/10.1038/s41598-021-90611-x

www.nature.com/scientificreports/

Received: 22 January 2021; Accepted: 11 May 2021

References
 1. Statistisches Bundesamt (DeStatis). Lebenserwartung und Sterblichkeit. https:// www. desta tis. de/ DE/ Themen/ Quers chnitt/ Demog 

rafis cher- Wandel/ Aspek te/ demog rafie- leben serwa rtung. html (2020).
 2. The World Bank. Life Expectancy at Birth, Total (Years). https:// data. world bank. org/ indic ator/ SP. DYN. LE00. IN (2020).
 3. Gruenberg, E. M. The failure of success. Milbank Mem. Fund. Q. Health Soc. 55, 3–24 (1977).
 4. Fries, J. F. Aging, natural death and the compression of morbidity. N. Engl. J. Med. 303, 130–135 (1980).
 5. Fries, J. F. The compression of morbidity: Near or far? Milbank Q. 208–232 (1989).
 6. Manton, K. G. Changing concepts of morbidity and mortality in the elderly population. Milbank Mem. Fund. Q. Health Soc. 60, 

183–244 (1982).
 7. Fries, J. F., Bruce, B. & Chakravarty, E. Compression of morbidity 1980–2011: A focused review of paradigms and progress. J. Aging 

Res. 261702 (2011).
 8. Geyer, S. Compression of morbidity. In International Encyclopedia of the Social & Behavioral Sciences. 2nd edn (ed James, D.W.) 

Vol. 4, 463–468 (Elsevier, 2015).
 9. International Diabetes Federation. IDF Diabetes Atlas. 9th edn. (International Diabetes Federation, 2019).
 10. Khan, M. A. B. et al. Epidemiology of type 2 diabetes—Global burden of disease and forecasted trends. JEGH. 10, 107 (2020).
 11. Muschik, D. et al. Morbidity compression, morbidity expansion, or dynamic equilibrium? The time trend of AOK-insured patients 

with type 2 diabetes in Lower Saxony, Germany. J. Public Health. 25, 19–28 (2017).
 12. Muschik, D. et al. Change in life expectancy with type 2 diabetes: A study using claims data from Lower Saxony, Germany. Popul. 

Health Metrics 15 (2017).
 13. Adriaanse, M. C., Drewes, H. W., Van Der Heide, I., Struijs, J. N. & Baan, C. A. The impact of comorbid chronic conditions on 

quality of life in type 2 diabetes patients. Qual. Life Res. 25, 175–182 (2016).
 14. Du, Y., Heidemann, C., Gößwald, A., Schmich, P. & Scheidt-Nave, C. Prevalence and comorbidity of diabetes mellitus among 

non-institutionalized older adults in Germany-results of the national telephone health interview survey ‘German Health Update 
(GEDA)’2009. BMC Public Health 13, 166 (2013).

 15. Zurita-Cruz, J. N. et al. Health and quality of life outcomes impairment of quality of life in type 2 diabetes mellitus: A cross-sectional 
study. Health Qual. Life Outcomes. 16, 1–7 (2018).

 16. Wexler, D. et al. Correlates of health-related quality of life in type 2 diabetes. Diabetologia 49, 1489–1497 (2006).
 17. Sperlich, S. et al. Are disability rates among people with diabetes increasing in Germany? A decomposition analysis of temporal 

change between 2004 and 2015. J. Aging Health. 0898264320970324 (2020).
 18. Deutsche Diabetes Gesellschaft & Deutsche Diabetes Hilfe. Deutscher Gesundheitsbericht Diabetes 2020. Vol. 25 (Verlag Kirchheim 

+ Co GmbH, 2020).
 19. Renders, C. M. et al. Interventions to improve the management of diabetes in primary care, outpatient, and community settings. 

A systematic review. Diabetes Care 24, 1821–1833 (2001).
 20. Stark, R. G. et al. Medical care of type 2 diabetes in German Disease Management Programmes: A population-based evaluation. 

Diabetes Metab. Res. Rev. 27, 383–391 (2011).
 21. Nowakowska, M. et al. The comorbidity burden of type 2 diabetes mellitus: Patterns, clusters and predictions from a large English 

primary care cohort. BMC Med. 17, 145 (2019).
 22. Rawshani, A. et al. Mortality and cardiovascular disease in type 1 and type 2 diabetes. N. Engl. J. Med. 376, 1407–1418 (2017).
 23. Zhang, X. et al. Trends in the prevalence and comorbidities of diabetes mellitus in nursing home residents in the United States: 

1995–2004. J. Am. Geriatr. Soc. 58, 724–730 (2010).
 24. Statistisches Bundesamt (Destatis). Sozialleistungen; Angaben zur Krankenversicherung in Ergebnisse des Mikrozensus (ed. S. Bun-

desamt) Vol. 54 (Wiesbaden, 2020).
 25. Jaunzeme, J., Eberhard, S. & Geyer, S. Wie „repräsentativ" sind GKV-Daten? Demografische und soziale Unterschiede und Ähn-

lichkeiten zwischen einer GKV-Versichertenpopulation, der Bevölkerung Niedersachsens sowie der Bundesrepublik am Beispiel 
der AOK Niedersachsen. Bundesgesundheitsblatt 56, 447–454 (2013).

 26. Aga, F., Dunbar, S. B. & Tedla Kebede, R. A. G. The role of concordant and discordant comorbidities on performance of self-care 
behaviors in adults with type 2 diabetes: A systematic review. Diabetes Metab. Syndr. Obes. 12, 333 (2019).

 27. Müller, N. et al. Diabetes mellitus Typ 2. In WIdO Versorgungs-Report 2013/2014 Schwerpunkt: Depression (Klauber, J., Günster, 
C., Gerste, B., Robra, B.P., Schmacke, N. eds) (Berlin, 2014).

 28. WIdO. WIdO Wissenschaftliches Institut der AOK Versorgungs-Report. https:// www. wido. de/ publi katio nen- produ kte/ buchr eihen/ 
verso rgungs- report/ (2020).

 29. Martinez, B. A. F., Leotti, V. B., Nunes, L. N., Machado, G. & Corbellini, L. G. Odds ratio or prevalence ratio? An overview of 
reported statistical methods and appropriateness of interpretations in cross-sectional studies with dichotomous outcomes in 
veterinary medicine. Front. Vet. Sci. 4, 193 (2017).

 30. Muller, C. J. & MacLehose, R. F. Estimating predicted probabilities from logistic regression: Different methods correspond to 
different target populations. Int. J. Epidemiol. 43, 962–970 (2014).

 31. Jacobs, E. & Rathmann, W. In Deutscher Gesundheitsbericht Diabetes 2020 (ed. Deutsche Diabetes Gesellschaft (DDG) und diabetes 
DE—Deutsche Diabetes-Hilfe) Vol. 11 (Kirchheim + Co GmbH, 2020).

 32. Crichton, S. L., Bray, B. D., McKevitt, C., Rudd, A. G. & Wolfe, C. D. Patient outcomes up to 15 years after stroke: Survival, dis-
ability, quality of life, cognition and mental health. J. Neurol. Neurosurg. Psychiatry. 87, 1091–1098 (2016).

 33. Geyer, S., Eberhard, S., Schmidt, B. M., Epping, J. & Tetzlaff, J. Morbidity compression in myocardial infarction 2006 to 2015 in 
terms of changing rates and age at occurrence. A longitudinal study using claims data from Germany. PLoS ONE. 13 e0202631 
(2018).

 34. Beller, J. et al. Diverging trends in age at first myocardial infarction: Evidence from two German population-based studies. Sci. 
Rep. 10, 1–10 (2020).

 35. Bachus, L. et al. Morbiditätskompression bei Schlaganfall? Langzeitanalysen zur Veränderung des Auftretens von Schlaganfall. 
Das Gesundheitswesen. 81, 351–360 (2017).

 36. Tetzlaff, J., Geyer, S., Tetzlaff, F. & Epping, J. Income inequalities in stroke incidence and mortality: Trends in stroke-free and 
stroke-affected life years based on German health insurance data. PLoS ONE 15, e0227541 (2020).

 37. Beller, J. & Epping, J. Disability trends in Europe by age-period-cohort analysis: Increasing disability in younger cohorts. Disabil 
Health J. 100948 (2020).

 38. Finger, J. D. et al. Time trends in cardiometabolic risk factors in adults: Results from three nationwide German examination surveys 
from 1990–2011. Dtsch. Ärztebl. Int. 113, 712 (2016).

 39. Safieddine, B. et al. Socioeconomic inequalities in type 2 diabetes in employed individuals, nonworking spouses and pensioners. 
SSM-Popul. Health 100596 (2020).

 40. Tatulashvili, S. et al. Socioeconomic inequalities and type 2 diabetes complications: A systematic review. Diabetes Metab. 46, 89–99 
(2020).

https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-lebenserwartung.html
https://www.destatis.de/DE/Themen/Querschnitt/Demografischer-Wandel/Aspekte/demografie-lebenserwartung.html
https://data.worldbank.org/indicator/SP.DYN.LE00.IN
https://www.wido.de/publikationen-produkte/buchreihen/versorgungs-report/
https://www.wido.de/publikationen-produkte/buchreihen/versorgungs-report/


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:11149  | https://doi.org/10.1038/s41598-021-90611-x

www.nature.com/scientificreports/

Acknowledgements
We thank the AOK-Lower Saxony for providing the data. The support of Dr. Jürgen Peter, Dr. Jona Stahmeyer, 
and Dr. Sveja Eberhard made it possible to carry out this study.

Author contributions
The study was conceptualized by B.S. and S.G. B.S. was responsible of the methodology, performing statistical 
analysis and drafting the manuscript. S.G. and S.S. provided methodological support. S.G., S.S., J.E. and K.L. were 
involved in revising the manuscript critically for important intellectual content. All authors read and approved 
the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The study was funded by the Ministry of Science 
and Culture of Lower Saxony, the German Research Foundation (DFG) and the AOKN. The funders had no role 
in study design, data collection and analysis, decision to publish or preparation of the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 90611-x.

Correspondence and requests for materials should be addressed to B.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-90611-x
https://doi.org/10.1038/s41598-021-90611-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Development of comorbidities in type 2 diabetes between 2005 and 2017 using German claims data
	Methods
	Data. 
	Definition of T2D cases and comorbidities. 
	Time periods. 
	Statistical analyses. 
	Ethics approval and consent to participate. 

	Results
	Prevalence of single comorbidities. 
	Development of the number of comorbidities over time. 
	Development of the three comorbidity groups. 

	Discussion
	Strengths and limitations. 

	Conclusions
	References
	Acknowledgements


