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Abstract

Aim Our objective was to test the hypothesis that the prevalence of Type 2 diabetes increases with increasing regional

deprivation even after controlling for individual socio-economic status.

Methods We pooled cross-sectional data from five German population-based studies. The data set contained information

on n = 11 688 study participants (men 50.1%) aged 45–74 years, of whom 1008 people had prevalent Type 2 diabetes

(men 56.2%). Logistic multilevel regression was performed to estimate odds ratios (OR) and 95% confidence intervals

(CI) for diabetes prevalence. We controlled for sex, age and lifestyle risk factors, individual socio-economic status and

regional deprivation, based on a new small-area deprivation measure, the German Index of Multiple Deprivation.

Results Adjusted for sex, age, body mass index (BMI), physical activity, smoking status and alcohol consumption, the

prevalence of Type 2 diabetes showed a stepwise increase in risk with increasing area deprivation [OR 1.88 (95% CI

1.16–3.04) in quintile 4 and OR 2.14 (95% CI 1.29–3.55) in quintile 5 compared with the least deprived quintile 1],

even after controlling for individual socio-economic status. Focusing on individual socio-economic status alone, the risk

of having diabetes was significantly higher for low compared with medium or high educational level [OR 1.46 (95% CI

1.24–1.71)] and for the lowest compared with the highest income group [OR 1.53 (95% CI 1.18–1.99)].

Conclusion Regional deprivation plays a significant part in the explanation of diabetes prevalence in Germany

independently of individual socio-economic status. The results of the present study could help to target public health

measures in deprived regions.

Diabet. Med. 30, e78–e86 (2013)

Introduction

There is strong evidence that socio-economic status (SES)

plays an important role in the prevalence of Type 2 diabetes

[1]. Generally, the impact of SES on health can be evaluated

using either individual SES characteristics such as income

or educational level [2, 3] or area-based socio-economic

measures in the form of deprivation indices. These regional

indices are often used as a proxy for individual SES [4].

A number of studies indicate that the prevalence of

Type 2 diabetes is higher in deprived areas than in more

affluent areas [5,6]. However, in order to demonstrate an

independent association between area deprivation and

health, it is essential to control for individual SES, but theseCorrespondence to: Werner Maier.
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analyses are still scarce [7]. Multilevel modelling is a widely

used tool to disentangle the influences of individual and

regional measures of SES on health [8,9]. However, there

are only a few examples of studies that have used this

approach to examine the social and regional distribution of

Type 2 diabetes prevalence outside English-speaking coun-

tries [10].

In Germany, there are significant regional differences in the

prevalence of Type 2 diabetes. The highest age-standardized

prevalence has been found in the east (12.0%) and the lowest

in the south of Germany (5.8%) [11]. Using pooled data

from five German population-based studies, our objective

was to test the hypothesis that the prevalence of Type 2

diabetes increases with increasing regional deprivation even

after controlling for individual SES. The analyses are based

on a new small-area deprivation measure, the German Index

of Multiple Deprivation (GIMD), derived from a method

developed in the UK [12] and adapted for municipalities in

Germany [13,14].

Methods

Cross-sectional data from five regional population-based

studies were available within the Diabetes Collaborative

Research of Epidemiologic Studies (DIAB-CORE). The five

studies have been conducted across Germany, one in the

north-east [the Study of Health in Pomerania (SHIP)], one in

the east [the Cardiovascular Disease, Living and Ageing in

Halle Study (CARLA)], two in the west [the Heinz Nixdorf

Recall Study (HNR) in the cities of Essen, Bochum and

M€ulheim in the Ruhr Area, and the Dortmund Health Study

(DHS)] and one in the south [Cooperative Health Research

in the Region of Augsburg Survey 4 (KORA S4)]. All studies

are comparable with regard to study design (population-

based sampling), sampling methods (two-stage cluster sam-

pling or stratified random sampling) and response rates

(between 56% and 69%), and all were approved by ethics

committees. In each of the geographically defined study

areas, samples of the population were randomly drawn from

mandatory population registers, stratified by age and sex.

More detailed information on these studies conducted

between 1997 and 2006 and the pooling of the data has

been described previously [11,15–20].

The analyses were restricted to participants aged between

45 and 74 years. The pooled data set contained information

on n = 11 688 study participants (men 50.1%), of whom

1008 people had prevalent Type 2 diabetes (men 56.2%).

Individual-level data were available for Type 2 diabetes

status, sex, age (45–54, 55–64 and 65–74 years), income,

educational level, BMI, physical activity, smoking status and

alcohol consumption. Type 2 diabetes was defined by self-

reported physician-diagnosed diabetes or self-reported dia-

betes treatment (dietary, oral or insulin treatment). In order

to focus on Type 2 diabetes, only those with age at diagnosis

of diabetes of > 30 years were included.

Information on monthly net household income as well as

on household size was obtained from interviews. As the ages

of household members were not available consistently across

all studies, it was not possible to calculate the equivalent

income according to the OECD equivalence scale. That is

why the equivalent income was calculated according to the

Luxembourg Income Study (income/household size0.36) [21].

Pooling of income data was conducted by a regional

approach, calculating the median income for each of the

five study centres separately. This approach allowed us to

take into account overall income differences between the

regions. For each study, we differentiated four income groups

(< 60% of the study-specific median income, � 60% up to

100%, > 100% up to � 150% and > 150%) and pooled

these groups across the five studies.

In all studies, the participants were asked for their highest

level of school qualification obtained. We classified educa-

tional level as a dichotomous variable, contrasting low with

medium or high level. According to the German school

system, low educational level includes participants with up

to 9 years of schooling. Medium educational level is equiv-

alent to 10 years of schooling and high educational level to

12 or 13 years of schooling, which is required to enter a

university.

Occupational social class could not be used to define

individual SES; occupation has been assessed in very broad

terms that do not represent a clear socio-economic hierarchy.

In order to control for possible confounding by different

lifestyle risk factors, we included BMI (three categories:

< 25 kg/m2, 25 up to < 30 kg/m2 and � 30 kg/m2), phys-

ical activity (two categories: � 1 h/week and < 1 h/week),

smoking status (three categories: never smoker, ex-smoker

and current smoker) and alcohol consumption (two catego-

ries: low-risk and high-risk consumption, based on sex-

specific thresholds according to World Health Organization

(WHO) recommendations (20 g/day in women, 40 g/day in

men) in our analyses [22]. Covariates concerning individual

SES and health behaviour were assessed in interviews,

whereas weight and height were measured by trained

personnel. Standardized coding of variables and a number

of plausibility checks ensured a high degree of comparability

between the five data sets [11].

Regional deprivation was assessed by a small area-based

measure at the municipality level that was assigned to each

study participant. This German Index of Multiple Depriva-

tion has been established based on the method used in the UK

to create the Indices of Multiple Deprivation (IMD) [12].

Adapted to the German context, previous publications

focusing on the State of Bavaria demonstrated strong

associations between regional deprivation, on the one hand,

and overall mortality and cancer incidence and mortality on

the other [13,14]. For the present study, we calculated the

German Index of Multiple Deprivation scores for 9620

municipalities covering the whole of Germany. The Index

includes eight indicators on demographic, socio-economic

ª 2012 The Authors.
Diabetic Medicine ª 2012 Diabetes UK e79

Research article DIABETICMedicine



and environmental characteristics related to seven different

domains of deprivation (i.e. income, employment, education,

municipal revenue, social capital, environment and security).

We assigned the municipalities to deprivation quintiles, with

quintile 1 including the least deprived and quintile 5 the

most deprived areas. More details on the German adaptation

of the Indices of Multiple Deprivation have been published

elsewhere [13,14]. Municipalities are the lowest level of

administrative division in Germany and cover a wide range

of population size, including small rural municipalities with

less than 100 inhabitants, up to cities with more than one

million inhabitants, such as Munich or Berlin. For the SHIP

study, we had to use clusters of municipalities for reasons of

data protection. Overall, 30 spatial units (municipalities or

cluster of municipalities) were included in our analyses.

The cities of Essen (HNR) and Dortmund (DHS) had the

highest population size, both with approximately 580 000

inhabitants; the municipality of Eurasburg in the KORA

study was the smallest spatial unit with approximately 1700

inhabitants.

We carried out univariate and bivariate analyses and

calculated crude odds ratios (OR) with their 95% confidence

intervals (CI). Then we performed logistic multilevel regres-

sion models, fitting two-level binomial logit-link models

(level 1: individuals; level 2: municipalities) with random

intercept. In four subsequent models, OR with their 95% CI

were calculated to test for associations between municipality

deprivation and Type 2 diabetes prevalence, controlling for

different potential confounders at the individual level (age,

sex, BMI, physical activity, smoking status, alcohol con-

sumption, educational level and income).

We report the area-level variances (VA) with their standard

errors. In order to obtain a more interpretable measure for

quantifying the relevance of area-level variation, we also

calculated the median odds ratios (MOR). The median odds

ratio translates the area-level variance to the odds ratio scale,

enabling a more intuitive comparison with the effect of

individual level covariates. It is defined as the median of odds

ratios between the area at higher risk and the area at lower

risk, when considering two individuals with the same

characteristics randomly chosen from two different areas.

The MOR can be calculated as a simple function of the area-

level variance VA [23]: MOR = exp [√(2 9 VA) 9 0.6745].

We also tested for a linear trend between age-adjusted

diabetes prevalence per municipality and its corresponding

GIMD score. All analyses were performed as available case

analysis, using the software SAS 9.2 (SAS Institute Inc.,

Cary, NC, USA). Logistic multilevel models were estimated

with the SAS procedure GLIMMIX, using a residual pseudo-

likelihood estimation method (RSPL).

Results

Table 1 shows the distribution of individual and area-based

characteristics, as well as the results of the Cochran–

Armitage test for trend. From a total of 11 688 study

participants, 8.6% (n = 1008) had Type 2 diabetes. The

crude Type 2 diabetes prevalence is highest in the east of

Germany (CARLA) with 12.6% and lowest in the south

(KORA S4) with 6.0%.

Table 2 shows the results of the multilevel analyses (crude

odds ratios and four adjusted models). Models 1 and 3

demonstrate the association between individual SES (educa-

tional level, income) and the prevalence of Type 2 diabetes,

whereas models 2 and 4 show the association between

diabetes and area deprivation controlled for individual SES.

The models clearly show that the socio-economic status of

municipalities is strongly associated with the prevalence of

Type 2 diabetes, and that this association is quite indepen-

dent of individual SES. Regarding the area-level variance and

the MOR in Table 2, the variance between municipalities

decreases when adding the deprivation quintiles to the

respective models.

The prevalence of Type 2 diabetes is clearly higher for men

than for women [OR 1.30 (95% CI 1.14–1.48)], for the

oldest age group (65–74 years) compared with the youngest

age group (45–54 years) [OR 3.61 (95% CI 2.99–4.36)], for

the highest BMI group (BMI � 30 kg/m2) compared with

the lowest (BMI < 25 kg/m2) [OR 4.81 (95% CI 3.86–

5.99)] and for study participants with less than 1 h of

physical activity per week [OR 1.92 (95% CI 1.67–2.21)].

Compared with never smokers, Type 2 diabetes is less

prevalent in current smokers [OR 0.69 (95% CI 0.57–

0.83)] than in ex-smokers [OR 1.22 (95% CI 1.06–1.41)]

and in study participants with a high level of alcohol

consumption [OR 0.62 (95% CI 0.47–0.81)]. The preva-

lence of Type 2 diabetes is higher for those with low

compared with medium or high educational level [OR 1.99

(95% CI 1.71–2.32)] and for those in the lowest income

group (< 60%) compared with the highest income group

(> 150%) [OR 2.08 (95% CI 1.63–2.65)]. The crude Type 2

diabetes prevalence shows a stepwise increase with increas-

ing area deprivation [OR 2.43 (95% CI 1.47–4.04)] in the

most deprived quintile 5 compared with the least deprived

quintile 1. However, the increased risk of area deprivation is

only significant in quintiles 4 and 5, compared with the least

deprived quintile 1.

Stratified analyses by sex show that the effects of individ-

ual SES and of regional deprivation on Type 2 diabetes

prevalence are both slightly more pronounced among women

than among men. For low educational level, the OR for

women is 1.57 (95% CI 1.20–2.07) and for men 1.36

(95% CI 1.11–1.67). For living in the region with the

greatest deprivation (i.e. quintile 5, controlling for educa-

tional level), the OR for women is 2.16 (95% CI 1.08–

4.35) and for men 1.99 (95% CI 1.10–3.59). For low

equivalent income, the OR for women is 1.60 (95% CI

1.04–2.47) and for men 1.47 (95% CI 1.04–2.08). For

living in the region with the greatest deprivation (i.e.

quintile 5, controlling for equivalent income) the OR is
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2.20 (95% CI 1.04–4.68) for women and 2.14 (95% CI

1.17–3.92) for men.

The distribution of the German Index of Multiple Depri-

vation score for the whole of Germany is characterized as

follows: median 19.67; interquartile range 14.31. The bubble

plot in Fig. 1 demonstrates that the age-adjusted prevalence

of Type 2 diabetes increases with increasing area deprivation.

The municipalities in our study differ markedly in population

size and are not equally distributed across the GIMD

quintiles. The linear trend between Type 2 diabetes preva-

lence and the GIMD score of the municipalities in Fig. 1 is

clearly positive and highly statistically significant with

P < 0.001.

Discussion

Our objective was to analyse whether regional differences in

the prevalence of Type 2 diabetes are associated with the

deprivation status of the place of residence, independently of

individual socio-economic factors such as education or

income. Our findings suggest that the socio-economic status

of municipalities plays a significant part in the explanation of

diabetes prevalence. Not only individual SES but also

regional SES seems to be associated with individual health

outcomes. To our knowledge, this study is the first to assess

the prevalence of Type 2 diabetes at a municipality level

regarding both individual and regional social factors using

Table 1 Distribution of individual-level and area-level characteristics in five German population-based studies

CARLA DHS HNR KORA S4 SHIP Total
Prevalence
of T2D*

Municipalities (n) 1 1 3 17 8 30
Study participants (n) 1382 883 4734 2442 2247 11 688
Prevalence of Type 2 diabetes (%) 12.6 9.9 7.4 6.0 11.2 8.6

Independent variables (%)
Sex

Women 47.1 50.6 50.3 50.3 50.2 49.9 7.6
Men 52.9 49.4 49.8 49.8 49.8 50.1 9.7

Age (years)
45–54 29.8 31.3 31.2 35.3 32.9 32.3 4.1
55–64 36.7 37.2 39.6 34.7 37.3 37.6 8.6
65–74 33.5 31.6 29.1 29.9 29.8 30.1 13.5†

BMI (kg/m2)
< 25 25.5 25.9 26.5 22.4 23.1 24.8 3.5
25 to < 30 42.4 42.1 46.0 47.8 44.6 45.4 7.4
� 30 32.1 32.1 27.4 29.7 32.3 29.8 14.8†

Physical activity
� 1 h/week 29.7 46.0 54.0 60.9 35.8 48.4 5.8
< 1 h/week 70.3 54.0 46.0 39.2 64.2 51.6 11.2

Smoking status
Never smoker 44.9 44.9 46.1 45.4 51.3 46.7 8.7
Ex-smoker 33.2 34.2 32.8 34.0 27.2 32.1 10.2
Current smoker 21.9 20.9 21.1 20.6 21.5 21.2 6.2‡

Alcohol consumption
Low risk 91.1 89.9 94.7 82.6 90.3 90.5 8.9
High risk 8.9 10.1 5.3 17.4 9.7 9.5 5.6

Educational level
High/medium level 44.2 36.5 38.2 34.4 27.4 35.9 5.5
Low level 55.8 63.5 61.8 65.6 72.6 64.1 10.4

Equivalent income
(as% of median income)
> 150 (= affluent) 18.3 22.6 21.3 24.4 16.5 20.7 5.7
> 100 to � 150 21.5 27.9 23.3 22.2 34.7 25.4 7.9
� 60 to � 100 50.7 36.6 41.3 43.7 34.0 41.2 9.8
< 60 (= poor) 9.5 13.0 14.1 9.7 14.8 12.7 11.5†

GIMD quintiles (Q)
Q1 (= least deprived) — — — 25.2 — 5.3 4.7
Q2 — — — 16.3 — 3.4 7.5
Q3 — — — 13.8 6.4 4.1 7.5
Q4 100.0 100.0 65.7 44.7 33.7 61.8 8.5
Q5 (= most deprived) — — 34.3 — 59.9 25.4 10.0†

*Prevalence of Type 2 diabetes (%).
P for trend (†P< 0.0001; ‡P < 0.01).
Missing values: BMI n = 41; physical activity n = 10; smoking status n = 8; alcohol consumption n = 128; educational level n = 39;
equivalent income n = 668; no missing values in other variables.
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multilevel analysis and a small area-based deprivation index

for Germany.

As shown previously, Type 2 diabetes showed a strong

association with age, sex, BMI and physical activity, but not

with smoking status. The inverse relationship of alcohol

consumption and diabetes risk has already been described

elsewhere [24].

Our main analyses showed two principal findings: first, we

were able to confirm a significant association between

individual SES, measured by educational level and equivalent

income, and the prevalence of Type 2 diabetes. Second, there

is a significant association between diabetes prevalence and

regional deprivation at the municipality level; increased risks

are seen in the very deprived areas of deprivation quintiles 4

and 5 compared with the least deprived quintile 1. In all our

models, these associations were independent of major

potential risk factors such as sex, age, BMI, physical activity,

smoking status and alcohol consumption.

Our findings are in good agreement with results reported

from other countries. Following Smith [25], education could

have a stronger impact on health than individual financial

resources. People with a higher educational level show more

competence in dealing with health and disease, and thus

educational level shows a positive association with time to

onset of diabetes [26]. Also, having a higher educational

level generally leads to better health literacy, i.e. a better

understanding of healthcare instructions such as glycaemic

control in people who have already developed diabetes [27].

The association between equivalent income and the

prevalence of Type 2 diabetes has already been reported in

other studies [3]. There are several potential pathways

concerning the effect of income: first, low income may result

in limited access to an adequate food supply. Food insecurity

(i.e. the availability of food) is a potential risk factor for

diabetes, as already shown by data from the National Health

Examination and Nutrition Examination Survey (NHANES)

Table 2 Models of associations between Type 2 diabetes risk, individual socio-economic status and area deprivation

Crude odds ratio† Model 1 Model 2 Model 3 Model 4
Odds ratio
(95% CI)

Odds ratio
(95% CI)
(n = 11 482)

Odds ratio
(95% CI)
(n = 11 482)

Odds ratio
(95% CI)
(n = 10 879)

Odds ratio
(95% CI)
(n = 10 879)

Sex (*women)
Men 1.30 (1.14–1.48) 1.30 (1.12–1.51) 1.30 (1.12–1.51) 1.28 (1.10–1.50) 1.28 (1.10–1.49)

Age (*45–54 years)
55–64 years 2.18 (1.80–2.65) 1.82 (1.49–2.22) 1.81 (1.48–2.21) 1.95 (1.60–2.39) 1.95 (1.59–2.39)
65–74 years 3.61 (2.99–4.36) 2.72 (2.23–3.31) 2.72 (2.23–3.31) 2.91 (2.37–3.56) 2.91 (2.38–3.57)

BMI (*< 25 kg/m2)
25 to < 30 kg/m2 2.22 (1.78–2.78) 1.85 (1.47–2.34) 1.86 (1.48–2.35) 1.94 (1.53–2.46) 1.95 (1.53–2.47)
� 30 kg/m2 4.81 (3.86–5.99) 3.83 (3.04–4.81) 3.85 (3.06–4.83) 4.00 (3.16–5.06) 4.01 (3.17–5.08)

Physical activity (*� 1 h/week)
< 1 h/week 1.92 (1.67–2.21) 1.63 (1.41–1.88) 1.60 (1.39–1.85) 1.62 (1.39–1.87) 1.59 (1.37–1.85)

Smoking status (*never smoker)
Ex-smoker 1.22 (1.06–1.41) 1.11 (0.94–1.30) 1.11 (0.94–1.30) 1.11 (0.94–1.30) 1.11 (0.94–1.31)
Current smoker 0.69 (0.57–0.83) 0.86 (0.70–1.06) 0.86 (0.70–1.05) 0.91 (0.74–1.13) 0.90 (0.73–1.12)

Alcohol consumption (*low risk)
High risk 0.62 (0.47–0.81) 0.68 (0.52–0.90) 0.70 (0.53–0.92) 0.69 (0.52–0.91) 0.71 (0.53–0.93)

Educational level (*high/medium level)
Low level 1.99 (1.71–2.32) 1.46 (1.24–1.71) 1.46 (1.25–1.72) — —

Equivalent income
(*> 150% of median income = affluent)
> 100 to � 150 1.35 (1.08–1.69) — — 1.11 (0.88–1.41) 1.10 (0.87–1.39)
� 60 to � 100 1.75 (1.43–2.14) — — 1.22 (0.98–1.51) 1.21 (0.98–1.50)
< 60 (= poor) 2.08 (1.63–2.65) — — 1.53 (1.18–1.99) 1.53 (1.18–1.98)

GIMD (*Q1 = least deprived)
Q2 1.65 (0.89–3.06) — 1.43 (0.78–2.62) — 1.53 (0.82–2.87)
Q3 1.57 (0.86–2.86) — 1.45 (0.81–2.59) — 1.53 (0.83–2.81)
Q4 1.97 (1.22–3.20) — 1.84 (1.16–2.90) — 1.88 (1.16–3.04)
Q5 (= most deprived) 2.43 (1.47–4.04) — 2.04 (1.26–3.30) — 2.14 (1.29–3.55)

Area-level variance VA (SE) — 0.060 (0.033) 0.050 (0.029) 0.069 (0.040) 0.059 (0.035)
Median odds ratio 1.26 1.24 1.29 1.26

*Comparison group; bold type indicates significant.
†Crude odds ratios: unadjusted odds ratios of all covariates.
SE: standard error.
Model 1: individual SES (educational level), adjusted for sex, age, BMI and lifestyle covariates.
Model 2: individual SES (educational level) + regional deprivation, adjusted for sex, age, BMI and lifestyle covariates.
Model 3: individual SES (equivalent income), adjusted for sex, age, BMI and lifestyle covariates.
Model 4: individual SES (equivalent income) + regional deprivation, adjusted for sex, age, BMI and lifestyle covariates.
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[28]. Furthermore, the quality of diet plays an important role

in diabetes risk. There is some evidence that higher cereal

fibre and magnesium intake as well as fruit and vegetable

intake could reduce the risk of Type 2 diabetes [29,30]. Also,

low socio-economic status groups are more likely to consume

low-quality food [31]. Second, sedentary behaviour increases

the risk of developing diabetes and physical activity is an

effective means of reducing this risk [32]. However, financial

constraints could be a major barrier for lower income people

being willing to participate in sports activities, which might

decrease their risk of developing diabetes [33]. Third,

compared with higher income groups, lower income groups

generally live in places with lower environmental quality [34]

and higher exposure to air pollution. Some studies have

indicated an association between diabetes prevalence and air

pollution [35], which could be partially explained by

subclinical inflammation [36].

Beyond individual SES, regional socio-economic influences

can also have an impact on health. We found a clear positive

association between regional deprivation and diabetes prev-

alence even after controlling for individual characteristics.

Thus, our results point in the same direction as findings from

other studies [10]. Potential overadjustment from using both

individual and aggregate socio-economic status has been

discussed, but seems rather improbable in our data because

there was no significant change in the strengths of associa-

tions when modelling both SES levels [7].

There is an ongoing discussion about the independence

between the effect at the individual vs. the regional level. In

our analyses, adjustment for individual-level factors seems to

have little influence on the magnitude of the regional

deprivation effect, i.e. both effects seem to be quite indepen-

dent. There are several potential explanations for this result.

Individual SES and regional deprivation may act through

different pathways [37]. Whereas individual SES may have a

direct influence on health behaviour, the influence of regional

deprivation may interact through specific mechanisms of

regional norms and attitudes and by collective resources [38].

Area-specific health resources could comprise characteristics

such as local economic opportunities, healthcare services,

availability and accessibility of healthy food and of facilities

for physical activity. In a number of studies on regional

deprivation and health, it has been shown that a lack of

potential resources may lead to negative health outcomes.

Psycho-social factors such as chronic stress caused by lack of

security or by environmental exposures [39] and urban/rural

differences in the utilization of the healthcare system [10] may

all be part of the mechanism linking regional deprivation and

individual health.

Associations have also been found between low socio-

economic status in childhood and increased risk of Type 2

diabetes and obesity in later life [40]. Area deprivation

could contribute to this association in a number of ways. If

a low SES family lives in a deprived region, the detrimental

effects of the region could increase the detrimental effects of

individual SES. If a low SES family lives in a more

privileged region, however, there would be more chance

of overcoming the link between childhood SES and diabetes

in adulthood. That is why we would recommend including

regional deprivation variables in life course studies that

FIGURE 1 Bubble plot* of the association between age-adjusted† Type 2 diabetes mellitus prevalence per municipality and area deprivation

(German Index of Multiple Deprivation score and quintiles; Q1 = least deprived, Q5 = most deprived). *Size of bubbles proportional to the number

of participants in the municipalities. †Standardized to the German population (31 December 2007). KORA S4 ( ), CARLA ( ), HNR ( ), DHS

( ), SHIP ( ).
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focus on the association between childhood SES and

diabetes.

However, there is still little knowledge regarding which

aspects of regional deprivation may have the strongest and

most direct impact on diabetes. Most probably, there will not

be one single area characteristic that needs to be changed in

order to improve the health status of the inhabitants of the

region [41]. Disentangling area effects and finding the most

promising starting points for interventions will be a major

task.

Some limitations of our study have to be taken into

account. First, the cross-sectional design of the data set does

not allow any causal interpretation of our findings. Second,

Type 2 diabetes was defined by self-reported physician-

diagnosed diabetes, which could lead to potential problems

of misclassification [15]. However, other studies indicate

that self-reported diabetes leads to very similar associations

between social status and diabetes prevalence as, for

example, the examination of fasting blood glucose levels

[42]. Third, our analyses are based on municipalities as

spatial units for assessing regional deprivation. Unlike the

UK [12], municipalities are the smallest spatial units for

which official statistics are available in Germany; however,

these administrative units vary considerably in area and

population size. Consequently, the classification of individ-

uals by their regional deprivation status may be more

sensitive in smaller municipalities than in bigger cities. There

may be some differential misclassification attributable to the

different number of municipalities across the studies. The

probability of assigning people with diabetes to a depriva-

tion quintile in a study with only one municipality is

certainly different from a study with 17 municipalities.

However, it is difficult to assess the direction and magnitude

of this potential source of bias. Also, the municipalities in

studies with more than one centre are not equally spread

across the possible range of deprivation quintiles. This may

explain why there does not seem to be a strong relationship

between deprivation and diabetes prevalence within these

studies (see Fig. 1). Following Streiner and Norman [45], it

can be demonstrated that the association between two

measures decreases if the range of scores is restricted.

Restricting the analysis to a single study would mean to

apply the German Index of Multiple Deprivation to a less

heterogeneous group than the one it was designed for. The

potential for non-response bias must be considered as well.

People with poor health are often underrepresented in

epidemiological studies. Using a KORA survey as an

example, low educational level and diabetes have both been

associated with non-response [43]. Again, it is difficult to

assess how this potential source of bias might have

influenced our results. Selective study participation could

also be subject to a potential bias caused by local deprivation

status [44]. Another limitation of our analysis is that we

could not adjust for dietary variables and had no informa-

tion on individual chronic stress and depression.

There are some important strengths in this study. It is

based on a large data set, comprising individual data from

five highly comparable population-based studies conducted

across Germany. This is a unique resource for studying the

regional differences in Type 2 diabetes. As far as we know,

there is no comparable data set from other countries. Other

studies use extensive databases, but information on individ-

ual socio-economic status is often missing and regional

deprivation is included as a proxy for individual SES [6].

Including both individual SES and an area-based deprivation

measure, we were able to quantify the impact of small-area

deprivation on the prevalence of Type 2 diabetes in Ger-

many. A few studies looking at regional deprivation also

adjusted for individual SES, but their results were only valid

for women [7] or used less specific measures of individual

socio-economic status than our study [10].

In conclusion, both individual SES and regional depriva-

tion were independently associated with the prevalence of

Type 2 diabetes. By identifying deprived regions in Germany

and demonstrating the impact of regional deprivation on

Type 2 diabetes, our findings could be of some public health

relevance. It could be concluded that interventions aimed at

preventing Type 2 diabetes should not just focus on individ-

uals with low socio-economic status, but also on deprived

regions. Population-based prevention initiatives are impor-

tant in their own right. They can address risk factors and

resources that jointly affect many people and are beyond

their immediate individual responsibility, such as the avail-

ability of facilities for physical activity or the provision of

high-quality medical services. Also, there is increasing

evidence that community-based interventions can result in

improved knowledge of and access to fruit and vegetables

[46]. These initiatives could thus have a long-term effect on

improving the health of the total population living in a

region.
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