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Abstract
Background  Type 2 diabetes prevalence is increasing globally and is unequally distributed across socioeconomic 
groups. In Germany, little is known about how these socioeconomic inequalities have developed over time. Therefore, 
we aimed to estimate the age- and sex-specific prevalence of type 2 diabetes in Germany from 2011 to 2023 and 
assess related temporal trends in socioeconomic inequality.

Methods  We used nationwide claims data (N ~ 70 million persons per year) from the German statutory health 
insurance, aggregated at the county level and linked them to the German Index of Socioeconomic Deprivation 
(GISD), an area-based measure of deprivation based on education, occupation, and income. We identified prevalent 
type 2 diabetes cases using ICD-10 codes E11, E12, E13, and E14. Log-binomial regression was used to estimate 
prevalence ratios for the association between GISD quintiles and type 2 diabetes prevalence, with temporal trends 
assessed through the four-way interaction between age, sex, GISD, and calendar year.

Results  Crude type 2 diabetes prevalence increased from 9.00% (95% confidence interval: 8.99–9.01) in 2011 to 
9.60% (9.59–9.61) in 2023, while age-standardised prevalence showed a smaller increase, from 9.00 (8.99-9.00) in 
2011 to 9.35% (9.34–9.35) in 2023. A clear socioeconomic gradient emerged, with the highest prevalence of 11.80% 
(11.78–11.82) in 2023 in the most deprived regions (quintile 5), compared to 8.00% (7.99–8.01) in the least deprived 
regions (quintile 1). Prevalence was consistently higher in men than women, but the socioeconomic gradient was 
more pronounced among women (prevalence ratio 2023 women 1.29 (1.23–1.35), men 1.22 (1.17–1.26)).

Conclusions  Our findings highlight persistent socioeconomic disparities in type 2 diabetes prevalence, especially 
among women. Further research is needed to explore the mechanisms underlying these disparities and to evaluate 
targeted interventions for high-risk populations.
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Introduction
The prevalence of type 2 diabetes has been increas-
ing worldwide, posing a significant challenge to health-
care systems [1]. In Germany, the prevalence of type 2 
diabetes was estimated at 9.5% in 2023 [2]. Projections 
suggest that the number of people with type 2 diabetes 
could increase between 10.9 million and 14.2 million by 
2040, depending on trends in incidence and mortality [3]. 
Socioeconomic position (SEP) and regional deprivation – 
both indicators of social inequalities – are known to be 
associated with type 2 diabetes prevalence in Germany 
[4–6]. While SEP encompasses individual factors such as 
education, income and occupation, regional deprivation 
reflects area-level factors such as unemployment rates, 
household income or poverty rates [7]. To assess socio-
economic conditions across Germany, the German Index 
of Socioeconomic Deprivation (GISD) was developed 
[8]. By integrating indicators of income, employment sta-
tus, educational attainment, and housing conditions, the 
GISD provides a comprehensive measure of socioeco-
nomic disadvantage at the regional level. This index has 
proven to be a valuable tool in evaluating the impact of 
regional deprivation on health outcomes, including type 
2 diabetes prevalence [9].

Despite the established association between regional 
deprivation and type 2 diabetes, little is known about 
how type 2 diabetes prevalence has evolved over time 
across regions with different levels of socioeconomic 
disadvantage in Germany. Examining these long-term 
trends provides valuable insights into whether socioeco-
nomic disparities in type 2 diabetes have widened, nar-
rowed, or remained stable over the past decade and to 
what extent they contribute to broader health inequali-
ties. Understanding these patterns can help to identify 
vulnerable populations and inform targeted strategies 
to improve diabetes prevention and care, particularly in 
socially disadvantaged regions.

Therefore, we aimed to estimate trends in the preva-
lence of diagnosed type 2 diabetes by regional depriva-
tion in Germany from 2011 to 2023.

Methods
Data source
In this ecological study, we used nationwide claims data 
from all German statutory health (GKV, gesetzliche 
Krankenversicherung) aggregated on county level, pro-
vided by the Central Institute for Ambulatory Health 
Care in Germany (Zi), to estimate the age- and sex-spe-
cific prevalence of type 2 diabetes by regional deprivation 
for the years 2011 to 2023. These data comprised all Ger-
man statutory insured individuals, approximately 85% of 
the total population in Germany, with at least one out-
patient visit per year on the level of Germany’s 401 dis-
tricts (‚Landkreise und kreisfreie Städte‘). We excluded 

cases with missing residence data and age ≥ 111 years. 
The Zi ensured anonymity of individuals by aggregating 
the data by age (5-year age groups (< 50 to ≥ 85 years) 
and sex (men, women) with a minimum of 30 cases per 
stratum. We linked publicly available data on the GISD 
to the individuals’ district of residence [8]. The GISD is 
based on the “Indicators and Maps of Spatial and Urban 
Development” (INKAR) database provided by the Fed-
eral Institute for Research on Building, Urban Affairs and 
Spatial Development (as of 31 December 2019) [8, 9]. It 
comprises nine indicators across three dimensions, i.e., 
education, occupation, and income, and is recalculated 
annually to reflect changes in regional socioeconomic 
conditions. All 401 districts in Germany are classified 
into quintiles of socioeconomic deprivation: ‘very low’ 
(GISD quintile 1) to ‘very high’ (GISD quintile 5). Since 
the GISD quintiles are defined based on the distribu-
tion of districts rather than population size, each quintile 
contains an equal number of districts, but the number of 
inhabitants may vary across quintiles.

Definition of type 2 diabetes
As in previous studies [3, 10] we identified prevalent 
cases of type 2 diabetes based on the 10th revision of 
the International Classification of Diseases (ICD-10): 
E11 (type 2 diabetes), E12 (malnutrition-related diabe-
tes mellitus), E13 (other specified diabetes mellitus), and 
E14 (unspecified diabetes mellitus), or combinations of 
these codes. To minimize the risk of false positives, we 
considered only confirmed diagnoses, present with two 
diagnoses in two different quarters in a given year (M2Q 
criterion). Further details can be found elsewhere [10].

Statistical methods
We estimated the crude and age-standardised prevalence 
of type 2 diabetes, using the study population from 2011 
as the reference. Additionally, we estimated the preva-
lence by strata of sex, age and quintiles of the GISD.

To assess the association between socioeconomic 
deprivation and prevalence of type 2 diabetes, we used 
log-binomial regression to estimate prevalence ratios. 
We included age, sex and GISD quintiles as categori-
cal variables and a natural cubic spline with two knots 
for calendar year. To examine changes in GISD-related 
inequalities in type 2 diabetes prevalence over time 
across sex and age groups, we included a four-way inter-
action (and all lower-level interactions, three degrees of 
freedom) between age, sex, GISD and calendar year. We 
used cluster-robust standard errors to account for the 
correlation of observations in 401 counties.

We reported following the STROBE guideline [11]. All 
analyses were performed using R version 4.4.0 statistical 
software (R Foundation for Statistical Computing) and 
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SAS 9.4 SAS/STAT 15.3 (SAS Institute Inc. Cary, NC, 
USA).

Results
Study population
In total, we included 68.6 to 73.7 million persons under 
risk in each reporting year (Fig.  1, Additional file 1). 
There were more women than men (54.3% vs. 45.7%). 
Regarding GISD, the number of persons showed a declin-
ing trend (besides GISD 2 to GISD 3) with increasing 
deprivation (e.g., 2023 GISD quintile 1: 17.3  million, 
23.7%; GISD quintile 5: 11.0  million, 15.1%) (Additional 
Table S1). In the following sections, we describe results 
for crude age- and sex-specific prevalence as well as age-
standardised prevalence.

Crude prevalence of type 2 diabetes
The overall crude prevalence of type 2 diabetes increased 
from 9.00% (95% CI: 8.99–9.01) in 2011 to 9.60% (9.59–
9.61) in 2023 (Fig.  2A and Additional Table S2). When 
stratified by sex, men consistently exhibited higher prev-
alence than women. Among men, the crude prevalence 

increased from 9.80% (9.79–9.81) in 2011 to 10.60% 
(10.59–10.61) in 2023, whereas in women, it increased 
less than in men, from 8.40% (8.39–8.41) in 2011 to 8.80% 
(8.79–8.81) in 2023.

We observed a clear socioeconomic gradient, with 
a higher crude prevalence of type 2 diabetes in more 
deprived regions (Fig.  2B and Additional Table S2). In 
2011, the crude prevalence ranged from 7.40% (7.39–
7.41) in the least deprived districts (GISD 1) to 11.20% 
(11.18–11.22) in the most deprived districts (GISD 5). 
By 2023, this pattern persisted, with prevalence of 8.00% 
(7.99–8.01) in GISD 1 and 11.80% (11.78–11.82) in GISD 
5.

When further stratified by sex, men had consistently 
higher crude prevalence than woman across all levels of 
deprivation. In 2011, the crude prevalence of type 2 dia-
betes in men ranged from 8.20% (8.18–8.22) in the least 
deprived districts (GISD 1) to 11.99% (11.98–12.03) in 
the most deprived districts (GISD 5), increasing to 8.80% 
(8.78–8.82; GISD 1) and 12.80% (12.77–12.83; GISD 5) in 
2023, respectively (Fig. 2C and Table S2). Among women, 
prevalence decreased slightly from 7.40% (7.39–7.41) in 

Fig. 1  Flow chart illustrating study population formation and annual derivation, 2011–2023, Germany
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the least deprived districts (GISD 1) in 2011 to 7.20% 
(7.18–7.22; GISD 1) in 2023 and increased slightly in the 
most deprived districts (GISD 5) from 10.40% (10.38–
10.42; GISD 1) in 2011 to 11.00% (10.98–11.03; GISD 5) 
in 2023 (Fig. 2D and Additional file 2).

When further stratified by age, we observed GISD-
related inequalities in all age groups in 2011 and in 2023 
(Fig.  3). Type 2 diabetes prevalence generally increased 
with age, reaching a peak in the 75–84 age group before 
declining in older ages. An exception was observed 
among women in 2023, where prevalence continued 
to rise even in the oldest age group. Overall prevalence 
was higher in more deprived regions, although in 2011, 
prevalence in GISD quintile 2 was slightly higher than in 
quintile 3 across all age groups.

Age-standardised prevalence of type 2 diabetes
The age-standardised prevalence of type 2 diabetes fol-
lowed a similar trend, but the trend was less pronounced 
than in the crude prevalence. The overall age-stan-
dardised prevalence slightly increased from 9.00% (8.99-
9.00) in 2011 to 9.35% (9.34–9.35) in 2023 (Fig. 4A and 
Additional Table S2). Age-standardisation increased the 
prevalence in men while lowering it in women. Among 
men, the age-standardised prevalence increased from 
10.24% (10.23–10.25) in 2011 to 10.93% (10.92–10.94) 
in 2023. In contrast, the prevalence in women remained 
relatively stable, ranging from 7.98% (7.97–7.99) in 2011 
to 8.08% (8.07–8.08) in 2023.

A socioeconomic gradient was also evident in the age-
standardised prevalence, though it was less pronounced 
compared to the crude rates (Fig.  4B and Additional 
Table S2). In the least deprived districts (GISD 1), the 
age-standardised prevalence slightly increased from 
7.91% (7.90–7.93) in 2011 to 8.38% (8.37–8.39) in 2023, 
while in the most deprived districts (GISD 5), it remained 
relatively stable, with 10.46% (10.45–10.48) in 2011 and 
10.69% (10.67–10.71) in 2023.

When further stratified by sex, age-standardisation led 
to a slight increase in prevalence among men in the least 
deprived districts (GISD 1, 9.19%, 9.17–9.21 in 2011 to 
9.94%, 9.92–9.96 in 2023) and in the most deprived dis-
tricts (GISD 5, 11.73%, 11.71–11.75 in 2011 to 12.29%, 
12.27–12.32 in 2023) (Fig. 4C and Additional Table S2). 
In women, the age-standardized rates remained stable, 
with 6.92% (6.90–6.93) in the least deprived districts 
(GISD 1) and 9.39% (9.38–9.41) in the most deprived dis-
tricts in 2011, compared to 7.17% (7.16–7.19) and 9.37% 
(9.35–9.39) in 2023 (Fig. 4D and Table S2).

Prevalence ratios: socioeconomic gradient in type 2 
diabetes prevalence
The relative differences in prevalence of type 2 diabetes 
by socioeconomic deprivation were more pronounced 

Fig. 2  Crude type 2 diabetes prevalence 2011–2023, Germany. A Crude 
type 2 diabetes prevalence stratified by sex. B Stratified by the German 
Index of Socioeconomic Deprivation, (GISD). C Stratified by the GISD for 
men. D Stratified by the GISD for women. Confidence intervals are not 
displayed due to the high precision. GISD from 1 (very low) to 5 (very high)
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in women than in men (Table 1). In 2011, the prevalence 
of type 2 diabetes was 34% higher in women (prevalence 
ratio (PR): 1.34, 1.27–1.41) and 25% higher in men (PR: 
1.25, 1.20–1.30) in the most deprived districts (GISD 5) 
compared to the least deprived districts (GISD 1). This 
socioeconomic gradient persisted in 2023, with PRs of 
1.29 (1.23–1.35) in women and 1.22 (1.17–1.26) in men. 
In 2023, type 2 diabetes prevalence was 10% higher in 
women (PR: 1.10, 1.05–1.15) and 8% higher in men (PR: 
1.08, 1.03–1.13) in the medium deprived districts (GISD 
3) compared to the least deprived districts (GISD 1).

Discussion
Based on data of about 70 million statutorily insured peo-
ple, we show that the crude and age-standardised preva-
lence of type 2 diabetes increased only slightly between 
2011 and 2023, with a consistently higher prevalence in 
men. A clear socioeconomic gradient emerged: individu-
als in more deprived regions had higher prevalence, par-
ticularly among women. While crude prevalence slightly 
increased across all deprivation levels, age-standardised 
trends were less pronounced, indicating that much of 
the observed increase is attributable to population aging 

rather than a substantial increase in underlying diabetes 
risk. GISD-related inequalities persisted over time, but 
trends varied by age, and overall growth in prevalence 
remained relatively slow.

Our findings are partially consistent with national and 
international research. The Global Burden of Diseases 
Study reported an increasing type 2 diabetes prevalence 
among individuals aged 15–34 years from 1990 to 2021, 
particularly in regions with a low to middle Socio-Demo-
graphic Index (SDI). This shows, although type 2 diabetes 
is considered a disease of older adults, early onset type 
2 diabetes is increasingly recognized. As we focused on 
adults aged 18–85 + years, these findings are particularly 
relevant for the lower end of our age spectrum, as they 
indicate that the rise in type 2 diabetes prevalence is not 
confined to older adults but also affects younger adults 
within our population, highlighting the importance of 
early prevention and intervention strategies. Further-
more, low SDI was associated not only with a higher risk 
of developing type 2 diabetes, but also with more severe 
disease progression and complications [12]. Moreover, 
type 2 diabetes has been identified as a key driver of mor-
tality and disability-adjusted life years, particularly in low 

Fig. 3  Predicted type 2 diabetes prevalence by age, sex and deprivation quintile, 2011 and 2023, Germany. Estimates based on log-binomial regression 
model. GISD from 1 (very low) to 5 (very high)
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and low-middle SDI regions, highlighting the dispropor-
tionate burden of disease in socioeconomically disadvan-
taged populations [13]. However, higher SDI regions had 
consistently higher prevalence and growing disparities 
[13]. In the US, age-standardised type 2 diabetes preva-
lence rose from 10.2% in 2012 to 12.2% in 2022 [14] and 
several studies found strong associations between socio-
economic deprivation and diabetes risk [15, 16]. In Eng-
land between 2018 and 2023, up to 64% of diabetes cases 
were attributable to socioeconomic deprivation [17]. The 
British Women’s Heart and Health Study estimated an 
odds ratio (OR) of 1.32 (1.13–1.53) per quintile increase 
in deprivation [18].

In Germany, previous studies estimated type 2 diabetes 
prevalence at 8.6% in the most deprived regions in 2009–
2010 [5], and 7.0% vs. 11.3% (least vs. most deprived) 
between 2013 and 2017 [19]. Older studies also showed 
increases in type 2 diabetes risk by increasing deprivation 
level after adjusting for sex, age and lifestyle factors [6, 
20]. For example, ORs of 1.88 (1.16–2.04; [20]) and 1.36 
(1.13–1.63; [6]) were estimated for GISD quintile 4, while 
for GISD quintile 5, ORs of 2.14 (1.23–3.55; [20]) and 
1.66 (1.37-2.00; [6]) were observed compared to quintile 
1. Similar patterns in type 2 diabetes incidence have been 
reported in Finland [21], Scotland [22], or Sweden [23]. 
In Germany, type 2 diabetes incidence was more than 
twice as high in the most deprived regions compared to 
the least deprived areas [24]. Another study also reported 
on sex-specific differences, with stronger associations 
between deprivation and type 2 diabetes among women 
[5].

While we used the GISD to measure deprivation, other 
studies [5, 6, 20] relied on the German Index of Multiple 
Deprivation (GIMD), which takes a broader approach 
by incorporating seven dimensions: income, employ-
ment, education, community, environment, safety, and 
health [7]. In international research the SDI is commonly 
used as composite measure based on income per capita, 
average educational attainment, and fertility rates [25]. 
Despite the differences in the indices used, the consistent 
results across studies and countries reinforce the robust-
ness of the association between regional deprivation 
and type 2 diabetes. Key factors such as income, educa-
tion, and employment emerge as primary drivers of the 
observed disparities, highlighting the critical role social 
determinants play in the development of type 2 diabe-
tes. Since the GISD is recalculated annually, changes in 
regional socioeconomic conditions may shift districts 
between deprivation quintiles over time. For example, 
a district with high diabetes prevalence that improves 
socioeconomically may move to a lower deprivation 
quintile, potentially attenuating observed disparities even 
if the underlying health burden remains unchanged. Con-
versely, districts with worsening deprivation may appear 

Fig. 4  Age-standardised type 2 diabetes prevalence 2011–2023, Ger-
many. A Total and stratified by sex. B Stratified by the German Index of 
Socioeconomic Deprivation, (GISD), (C) Stratified by the GISD for men, D 
Stratified by the GISD for women. Confidence intervals are not displayed 
due to the high precision. GISD from 1 (very low) to 5 (very high)
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to amplify inequalities. Such shifts highlight that tem-
poral trends reflect not only the persistence or widening 
of health disparities, but also structural socioeconomic 
developments at the regional level.

Our study period includes the COVID-19 pandemic 
(2020–2021), which disrupted routine healthcare access 
and diagnostic activities for many individuals [26]. These 
changes could have temporarily affected the detection 
and documentation of type 2 diabetes, potentially leading 
to short-term fluctuations in type 2 diabetes prevalence. 
In addition, pandemic-related shifts in diet, physical 
activity, and stress may have influenced diabetes risk [27], 
particularly among socioeconomically vulnerable groups. 
While these factors likely had a limited impact on long-
term trends, they should be considered when interpret-
ing prevalence patterns during this period.

Strengths and limitations
Our study has two main strengths. First, our estimates are 
based on a large data set covering 70 million statutorily 
insured people, providing robust prevalence estimates. 
Second, we cover a long observation period of 13 years, 
allowing for an analysis of temporal trends in type 2 dia-
betes prevalence and deprivation-related inequalities.

However, several limitations should be considered 
when interpreting the results. Our case definition, 
namely an individual with at least two confirmed type 2 
diabetes diagnoses within the same calendar year, may 
have led to differential misclassification by socioeco-
nomic position. Individuals in more deprived areas may 
be more likely to have undiagnosed or undocumented 
diabetes [28], which could result in an underestimation 
of prevalence in this groups, and, as a consequence, the 
socioeconomic disparities observed in our study may 
be underestimated. Although the definition we used to 
define type 2 diabetes with this data source is well estab-
lished, there is unfortunately no formal validation study 
providing objective validity measures (e.g., sensitivity and 
specificity).

Furthermore, our analysis is restricted to individu-
als with statutorily health insurance, who account for 
approximately 85% of the German population. The 
remaining 15% of the population are primarily privately 

insured or, in rare cases, uninsured. Privately insured 
individuals are generally of higher socioeconomic posi-
tion, tend to be healthier, have greater access to and uti-
lization of healthcare services than those with statutory 
insurance [29, 30], and have a lower prevalence of type 
2 diabetes [4]. Therefore, while our findings accurately 
reflect the majority of the German population, extrapo-
lation to the entire population may slightly overestimate 
prevalence, particularly if the healthier privately insured 
segment is underrepresented.

In addition, individuals without any form of health 
insurance are not captured in our data. The extent to 
which diabetes is present in this group remains unknown, 
potentially introducing further bias. Moreover, the intro-
duction of structured Disease Management Programs 
for diabetes, which provide financial or administrative 
incentives for enrolling patients, may have led to changes 
in documentation practices and diagnostic coding over 
time. Finally, changes in the proportion of undiagnosed 
type 2 diabetes cases – potentially varying by sex or level 
of deprivation, may have influenced the observed tempo-
ral trends and patterns of social inequality.

Conclusion
Our findings indicate persistent socioeconomic dispari-
ties in the prevalence of type 2 diabetes over time, with 
a consistent association between higher deprivation 
and increased diabetes prevalence. The socioeconomic 
gradient is more pronounced among women, suggest-
ing a potential sex-specific vulnerability to the influence 
of socioeconomic factors on diabetes risk. While these 
analyses demonstrate clear associations at the popula-
tion level, causal inferences cannot be drawn from eco-
logical data, and individual-level determinants were not 
assessed, which introduces the potential for ecological 
fallacy. Future studies should explore the mechanisms 
behind socioeconomic disparities in type 2 diabetes, 
focusing on sex differences and key social determi-
nants and evaluate targeted interventions in high-risk 
populations.
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