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ABSTRACT
Introduction  To identify characteristics of people with 
undiagnosed type 2 diabetes (T2D) among adults in 
Germany.
Research design and methods  The study population 
comprised participants aged 40–79 years of the 
German Health Interview and Examination Survey for 
Adults 2008–2011. Glycemic status was categorized 
as undiagnosed T2D (glycated hemoglobin A1c 
(HbA1c) ≥48 mmol/mol (6.5%), n=135), diagnosed 
T2D (n=518) and normoglycemia (HbA1c<48 mmol/
mol (6.5%), n=4451). Multinomial logistic regression 
models including glycemic status as the outcome 
variable and sociodemographic characteristics, living 
alone, diabetes risk factors and healthcare services 
utilization as independent variables were used to identify 
factors associated with undiagnosed T2D compared 
with normoglycemia and diagnosed T2D. Odds ratios 
(ORs) and 95% confidence intervals (CIs) are reported 
as measure of association between the outcome and 
independent variables.
Results  The prevalence of undiagnosed T2D was 2.9% 
(95% CI 2.2% to 3.9%) at an overall prevalence of 
12.3% (11.0% to 13.6%) of persons with undiagnosed 
or diagnosed T2D. In multivariable analyses, factors 
associated with undiagnosed as well as diagnosed T2D in 
comparison to normoglycemia were older age (OR 1.04, 
95% CI 1.01 to 1.06, per year, for undiagnosed T2D; OR 
1.08, 1.07 to 1.10 for diagnosed T2D), male sex (3.33, 
2.18 to 5.07; 1.91, 1.43 to 2.56), obesity (3.47, 2.17 to 
5.56; 2.68, 2.04 to 3.52), hypertension (1.66, 1.09 to 2.53; 
2.04, 1.42 to 2.95) and parental history of diabetes (2.04, 
1.24 to 3.35; 3.16, 2.30 to 4.34). Variables independently 
associated with undiagnosed T2D but not diagnosed T2D 
included living alone (2.20; 1.36 to 3.56) and not seeing 
a doctor within the past year (2.57; 1.34 to 4.93). People 
with undiagnosed T2D were further younger and more 
likely to be male sex and reside in the western part of 
Germany than people with diagnosed T2D.
Conclusion  Apart from major known risk factors 
of diabetes, characteristics specific to undiagnosed 
diabetes among adults in Germany will serve to inform 
the national education and communication strategy on 
diabetes mellitus in Germany.

INTRODUCTION
Type 2 diabetes (T2D) is a chronic metabolic 
disease characterized by an elevated level of 
blood glucose. Microvascular and macrovas-
cular complications of T2D such as retinop-
athy, nephropathy, neuropathy—which may 
lead to blindness, renal failure and ampu-
tation—and cardiovascular diseases (CVD) 
exert a high financial burden for people 
with diabetes and for the health system. 
The progression of T2D is slow and may last 
several years before diagnosis. In the early 
stage of T2D, people with T2D may not show 
any symptoms and therefore not be detected 
and not get treated, whereas microvascular 
and macrovascular complications may have 
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already developed during this stage.1 2 It is estimated that 
13% of adults with T2D have diabetic retinopathy at the 
time of diagnosis and many of them have CVD.3 4 Undi-
agnosed T2D bears a high risk for long-term microvas-
cular and macrovascular complications and for a higher 
mortality compared with normoglycemic individuals.5 6 
Identification of undiagnosed T2D at an early stage is thus 
of importance for a timely care.

While general screening for undiagnosed T2D 
among asymptomatic individuals may well reduce CVD 
and mortality risk among those who are detected by 
screening,7 8 benefits at the population level regarding 
a reduction in mortality or cardiovascular event rates 
are less clear.9 Case finding strategies or opportunistic 
screening within the healthcare settings has been 
proposed to be more efficient.10 As these strategies will 
not reach individuals at high risk who do not regularly 
use healthcare services, risk communication to the public 
is also a crucial part of a national diabetes strategy. Iden-
tifying characteristics related to undiagnosed diabetes 
would be valuable to both, case finding and risk commu-
nication strategies.

Undiagnosed diabetes remains a problem even in high-
income countries with universal access to healthcare.11 12 
In Germany, 2% of the adult population 18–79 years of age 
were estimated to have undiagnosed diabetes based on 
laboratory testing for glycated hemoglobin A1c (HbA1c) 
as part of the German Health Interview and Examination 
Survey 2008–2011 (DEGS1).13 Undiagnosed diabetes 
accounted for about 22% of total diabetes.13 In stratified 
analyses, both diagnosed as well as undiagnosed diabetes 
were more prevalent among men than women, older 
adults, those with obesity and those with low education.13 
However, correlates specific to undiagnosed diabetes in 
Germany have not been systematically investigated so far. 
Correlates and predictors of undiagnosed diabetes have 
been previously investigated in several other high-income 
countries such as the USA,14–16 the UK,17 18 Denmark,19 
Ireland,20 21 South Korea22 as well as in some low-income 
countries.23–27 Results of previous studies from high-
income countries vary, which may be explained, at least 
in part, by differences in study design, characteristics of 
the study population as well as health system factors.14–22 
There is evidence, however, from some studies that 
personal context factors, such as healthcare utilization 
behavior and marital or cohabitation status are factors 
associated with undiagnosed diabetes.28

Against this background, the present study aimed 
to identify clinical, sociodemographic and behavioral 
characteristics of adults with undiagnosed diabetes 
in Germany. We specifically sought to identify factors 
correlated with undiagnosed but not diagnosed diabetes.

RESEARCH DESIGN AND METHODS
Study design and participants
The German Health Interview and Examination Survey 
for Adults was conducted by the Robert Koch Institute 

from November 2008 to December 2011 as part of the 
continuous national health monitoring. The two-stage 
random cluster design and specific aims of this national 
health survey have been previously described in detail.29 
The response rate was 62% for re-participants and 42% 
for newly recruited participants.29

In DEGS1, a total of 7115 adults aged 18–79 years 
completed the interview and examination components.29 
To focus on T2D, we excluded individuals who were 
likely to have type 1 diabetes (T1D) (n=8) and women 
likely to have had gestational diabetes (n=42) according 
to previously defined criteria.30 As T2D occurs mainly 
among people over 40 years of age, we further excluded 
people <40 years of age (n=1887) along with individuals 
with missing information on diabetes diagnosis (n=30) 
or HbA1c values (n=44). Thus, the final study population 
comprised 5104 adults aged 40–79 years.

Data collection
Data collection in DEGS1 included self-administered 
questionnaires, computer-assisted personal interviews 
(CAPI) administered by study physicians to obtain a 
detailed medical history, laboratory tests and anthropo-
metric measurements including serum lipids, HbA1c, 
blood pressure and body weight and height for the 
calculation of body mass index (BMI).29 We conducted 
a computer-assisted brown bag review of all medications 
used in the past 7 days. Universal product codes on the 
original medication containers were scanned and coded 
according to the WHO Anatomical Therapeutic Chem-
ical (ATC) classification system.29

Dependent variable
Undiagnosed T2D as the main outcome variable was 
defined if survey participants answered ‘no’ to the CAPI 
question “Have you ever been diagnosed with diabetes by 
a doctor?” and were not taking antidiabetic medications 
(ATC code A10), but had HbA1c measures ≥48 mmol/
mol (≥6.5%). Study participants fulfilled criteria for 
diagnosed T2D if they reported that they had ever been 
diagnosed with diabetes by a physician or if they were 
currently taking antidiabetic medications. Survey partic-
ipants without a medical history of diabetes or current 
medication use and HbA1c measures <48 mmol/mol 
(<6.5%) were categorized as normoglycemic.13

Independent variables
We identified potential factors associated with undiag-
nosed diabetes based on a non-systematic review of the 
medical literature on population-based studies of predic-
tors or factors associated with undiagnosed diabetes. 
Based on information collected in DEGS1, we selected 
the following independent variables for analysis in the 
present study: sociodemographic characteristics (age, 
community size, residence in the western or eastern 
part of Germany, cohabitation status, educational attain-
ment), known risk factors for T2D (smoking, sports 
activity and alcohol consumption, obesity, hypertension 
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and hyperlipidemia, family history of diabetes), depres-
sive symptoms, and ambulatory care utilization in the 
past year.

As previously described in detail, we applied Compar-
ative Analysis of Social Mobility in Industrial Nations 
(CASMIN) criteria31 to define educational status as low 
(CASMIN 1: primary and low secondary education), 
middle (CASMIN 2: intermediate/high secondary 
education) or high (CASMIN 3: tertiary education).13 32 
For analysis, we dichotomized education status into low 
versus middle or high due to small numbers of adults 
with a high education level, in particular among older 
women. We dichotomized community size into large/
middle cities versus rural areas/small cities and regions 
of residence into West versus East Germany based on 
standardized classification criteria.13 32 Cohabitation 
status was grouped into living alone or together with 
at least one person in the same household. Current 
smoking and sports activity were dichotomized as yes/
no based on self-reported information.32 Alcohol use 
was grouped into three categories none, moderate and 
risky drinking based on information obtained with food 
frequency questionnaires.33 Obesity was defined based 
on BMI measures ≥30 kg/m2.13 32 Hyperlipidemia was 
defined as total cholesterol ≥6.2 mmol/L or current use 
of lipid-lowering drugs (ATC code C10) in combination 
with a medical history of hyperlipidemia. Hypertension 
was defined as systolic blood pressure ≥140 mm Hg (18.7 
kPa) or diastolic blood pressure ≥90 mm Hg (12.0 kPa) 
or current use of antihypertensive drugs in combination 
with a medical history of hypertension.34 A family history 
of diabetes was defined based on information that the 
father or mother had ever been diagnosed with diabetes. 
Persons with depressive symptoms measured by the 9-item 
depression module of the Patient Health Questionnaire 
(PHQ-9) were defined as those with a PHQ-9 score ≥10.33 
Regular primary care utilization was defined as having 
seen a doctor in office practice (excluding dentists) at 
least once within the preceding 12 months.

Statistical analysis
All statistical analyses were performed using Stata (V.15.0, 
StataCorp, College Station, Texas, USA). A weighting 
factor was used to adjust for deviations in demographic 
characteristics between the study population and official 
population statistics of 31 December 2010.29

Descriptive statistics were used to assess the distribution 
of independent variables in the entire study population 
and among subgroups of people with undiagnosed T2D, 
diagnosed T2D and normoglycemia. We report point 
prevalence estimates and 95% confidence intervals (CIs) 
for categorical variables, means and 95% CIs for contin-
uous variables, along with absolute numbers of observa-
tions and absolute numbers of missing observations for 
each variable.

In order to identify similarities and differences in 
factors associated with undiagnosed and diagnosed T2D, 
we used multinomial logistic regression analyses (Stata 

command mlogit). Glycemic status with three categories 
(undiagnosed T2D, diagnosed T2D, normoglycemia) 
was the dependent variable using normoglycemia as the 
reference group in the first set of analyses. This permitted 
identification of factors significantly associated with both 
diagnosed and undiagnosed T2D versus normoglycemia. 
Independent variables selected as potential factors asso-
ciated with undiagnosed or diagnosed T2D were consec-
utively entered into the regression model in four steps, 
starting with basic sociodemographics including age as a 
continuous variable, sex and education (model 1), adding 
information on community size, region of residence and 
cohabitation status (model 2), further adding behavioral 
cardiometabolic risk factors (model 3) and finally also 
adding information on cardiometabolic comorbidities, 
depressive symptoms and ambulatory healthcare utili-
zation (model 4). We then repeated the multinomial 
logistic regression analyses as described above using diag-
nosed T2D as reference group. This enabled us to iden-
tify those factors which were associated with undiagnosed 
T2D in comparison to diagnosed T2D. We obtained 
relative risk ratios and 95% CIs from Stata multinomial 
logistic regression models, which can be interpreted as 
odds ratios (ORs).35 In the present study, results from 
multinomial logistic regression analyses are therefore 
reported as ORs and 95% CIs as a measure of the associa-
tion between independent and outcome variables.

Overall, 15.9% of participants had a missing value in 
at least one variable and proportions of missing obser-
vations in independent variables ranged from 0.2% for 
hypertension to 7.9% for parental history of diabetes. We 
applied 15 multiple imputations by chained equations 
assuming an arbitrary pattern of missingness for missing 
values. Multinomial logistic regression models were 
performed for these 15 imputed datasets and estimates 
were then combined according to Rubin’s rules taking 
into account variability within and between the imputa-
tions.36 Sex differences in the associations were tested by 
adding first order interaction terms to the final model. 
Complete case analyses (n=4295 or 84.1% of study popu-
lation) were conducted as sensitivity analyses. A p value 
<0.05 was considered as statistically significant based on 
two-sided tests.

RESULTS
Descriptive characteristics of the study population are 
summarized in table 1. Among adults aged 40–79 years 
included in the present study, 135 individuals fulfilled 
the criteria for undiagnosed T2D, and 518 individuals 
had diagnosed T2D. The weighted prevalence of undi-
agnosed T2D was 2.9% (95% CI 2.2% to 3.9%) (table 1). 
The prevalence of total diabetes was 12.3% (95% CI 
11.0% to 13.6%), and undiagnosed T2D accounted for 
about one-quarter of total diabetes cases.

The mean age of the study population was 57.0 (95% 
CI 56.7 to 57.4) years. The vast majority of study partici-
pants resided in the western part of Germany and about 
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60% lived in middle or large cities. More than 50% had 
an intermediate or higher level of education and consid-
erable proportions of the population had behavioral 
cardiometabolic risk factors, including nearly a fourth of 
current smokers, more than a third without any regular 
sports activity and 17% with risky alcohol consumption. 
Furthermore, 28% of people had obesity, more than a 
third of the population had hyperlipidemia and 45% had 
hypertension. The overall prevalence of current depres-
sive symptoms amounted to 7%. Nearly 91% of the study 
population reported to have seen a doctor within the past 
12 months (table 1).

As shown in online supplemental annex table 1A, the 
distribution of study variables varied by glycemic status, 
with a higher mean age and a markedly higher prevalence 
of low education, physical inactivity, obesity, hyperten-
sion, hyperlipidemia and family history of diabetes among 
adults with diagnosed and undiagnosed T2D compared 
with normoglycemic persons. Persons with diagnosed 
T2D showed a lower prevalence of current smoking, 
and higher prevalence of current depressive symptoms 

Table 1  Descriptive characteristics of study subjects 
aged 40–79 years (n=5104). German Health Interview and 
Examination Survey for Adults 2008–2011 (DEGS1)

N %* 95% CI*

Glycemic status

 � Undiagnosed diabetes 135 2.9 2.2 to 3.9

 � Diagnosed diabetes 518 9.3 8.4 to 10.4

 � Normoglycemia 4451 87.7 86.4 to 89.0

Sex

 � Men 2441 49.4 47.7 to 51.1

 � Women 2663 50.6 48.9 to 52.3

Age group, years

 � 40–49 1265 32.2 30.8 to 33.7

 � 50–59 1375 27.4 26.2 to 28.7

 � 60–69 1371 21.1 20.0 to 22.4

 � 70–79 1093 19.2 18.2 to 20.3

Community

 � Rural area/small cities 2178 41.7 34.1 to 49.8

 � Middle/Large cities 2926 58.3 50.2 to 65.9

Region

 � West Germany 3434 78.4 72.0 to 83.7

 � East Germany 1670 21.6 16.3 to 28.0

Education

 � Low 1953 45.5 42.9 to 48.2

 � Middle/High 3118 54.5 51.8 to 57.1

 � Missing 33

Living alone

 � Yes 798 16.4 14.9 to 17.9

 � No 4220 83.6 82.1 to 85.1

 � Missing 86

Obesity (BMI ≥30 kg/m2)

 � Yes 1412 28.3 26.6 to 30.2

 � No 3656 71.7 69.8 to 73.4

 � Missing 36

Currently smoking

 � Yes 1085 24.0 22.2 to 25.9

 � No 3989 76.0 74.1 to 77.8

 � Missing 30

Sports activity

 � No sports 1683 36.3 34.4 to 38.2

 � Any sports 3260 63.7 61.8 to 65.6

 � Missing 161

Alcohol use

 � No alcohol use 618 13.9 12.5 to 15.4

 � Moderate drinking 3474 68.8 67.0 to 70.4

 � Risky drinking 937 17.3 16.1 to 18.7

 � Missing 75

Continued

N %* 95% CI*

Parental history of diabetes

 � Yes 1567 33.1 31.3 to 34.8

 � No 3132 66.9 65.2 to 68.7

 � Missing 405

Depressive symptoms (PHQ-9)

 � Yes (PHQ-9 ≥10) 313 7.0 6.1 to 8.1

 � No (PHQ-9 <10) 4482 93.0 91.9 to 93.9

 � Missing 309

Hyperlipidemia

 � Yes 1923 35.8 33.9 to 37.8

 � No 3152 64.2 62.2 to 66.1

 � Missing 29

Hypertension

 � Yes 2481 44.8 43.0 to 46.7

 � No 2614 55.2 53.3 to 57.0

 � Missing 9

Visiting a doctor within past year

 � Yes 4634 90.7 89.6 to 91.7

 � No 415 9.3 8.3 to 10.4

 � Missing 55

Hyperlipidemia: defined as total cholesterol ≥6.2 mmol/L 
or currently using lipids-lowering drugs for the treatment of 
physician-diagnosed hyperlipidemia.
Hypertension: defined as systolic blood pressure ≥140 mm Hg 
(18.7 kPa) or diastolic blood pressure ≥90 mm Hg (12.0 kPa) 
or currently using antihypertensive drugs for the treatment of 
physician-diagnosed hypertension.
*Weighted to the population of 31 December 2010.
BMI, body mass index; PHQ-9, 9-item depression module of the 
Patient Health Questionnaire.

Table 1  Continued

https://dx.doi.org/10.1136/bmjdrc-2020-001707
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than persons with undiagnosed T2D. The distribution 
of alcohol consumption by glycemic status differed with 
regard to a higher prevalence of persons reporting no 
alcohol consumption among adults with diagnosed T2D 
and a lower prevalence of risky drinking in association 
with diagnosed or undiagnosed T2D compared with 
normoglycemia. However, absolute numbers were small 
as reflected by wide 95% CIs. Compared with adults with 
normoglycemia, the prevalence of adults who had seen 
a doctor within the past year was higher among persons 
with diagnosed T2D, while the opposite was true for 
persons with undiagnosed T2D (online supplemental 
annex table 1A).

Results of multivariable regression analyses including 
four different models are summarized in table  2. In 
the final model, common factors associated with undi-
agnosed and diagnosed T2D versus normoglycemia 
included male sex, older age, obesity, parental history 
of diabetes and hypertension. Variables associated with 
undiagnosed T2D but not diagnosed T2D included living 
alone, and not seeing a doctor within the past year, while 
depressive symptoms and less risky drinking were factors 
associated with diagnosed T2D but not of undiagnosed 
T2D in comparison to normoglycemia (table 2). Lower 
education was significantly associated with undiagnosed 
as well as diagnosed T2D in model 1. Notably, residing 
in the western part of Germany was associated with undi-
agnosed T2D with an OR of 2.29 (95% CI 0.93 to 5.61), 
although not reaching statistical significance.

In the final model, factors associated with undiagnosed 
versus diagnosed T2D included male sex, younger age, 
residing in the western part of Germany, not living with a 
partner and not visiting a doctor within the past (table 3).

No interactions were found between predictor vari-
ables and sex (data not shown). Results largely persisted 
in complete case analysis (online supplemental appendix 
table 2A).

DISCUSSION
In a nationally representative sample of community-
dwelling adults aged 40–79 years in Germany, we found 
that people with undiagnosed T2D shared a number of 
known diabetes risk factors with people with diagnosed 
T2D including male sex, older age, obesity, history of 
hypertension and family history of diabetes. Variables 
independently associated with undiagnosed T2D but 
not diagnosed T2D in comparison with normoglycemia 
included living alone and not seeing a doctor within the 
past year. Compared with people with diagnosed T2D, 
people with undiagnosed T2D were further younger, 
more likely to be male sex and to reside in the western 
part of Germany.

Factors associated with undiagnosed T2D
Factors associated with undiagnosed T2D depend on the 
definition of undiagnosed T2D (by HbA1c, oral glucose 
tolerance test or fasting glucose, alone or combined),37 

the chosen reference groups (normoglycemia or diag-
nosed T2D) and covariables as well as the composition 
of the study populations. People with undiagnosed T2D 
usually show little clinical symptoms and thus remain 
undetected. Generally, they are younger and healthier 
with less diabetes-related comorbidities compared 
with people with diagnosed T2D as they are usually at 
an earlier stage of diabetes. Nevertheless, undiagnosed 
and diagnosed T2D are not two different diseases, they 
rather reflect different stages of diabetes sharing the 
same pathophysiological pathway. Established risk factors 
of diabetes such as older age, male sex, parental history 
of diabetes, obesity and hypertension were consistently 
found here in the present study and previously both for 
diagnosed and undiagnosed diabetes.15 18 19 38 Further-
more, we did not find any difference in terms of some 
‘classical’ cardiometabolic risk factors of diabetes such 
as obesity, health behaviors, hypertension and hyperlip-
idemia by comparison between undiagnosed and diag-
nosed T2D after adjusting for sociodemographics. As 
previously reported, depressive symptoms were associ-
ated with diagnosed but not with undiagnosed T2D in 
our national health survey dataset.33 Overall, >90% of 
the population in Germany see a doctor in office prac-
tice at least once a year. The present study showed that 
this does not apply to people with undiagnosed T2D who 
were significantly less likely to visit a doctor compared 
with people either with diagnosed T2D or with normo-
glycemia. Similar results were previously reported from 
Denmark19 and the USA.14 The question then is what 
characterizes persons with lower healthcare utilization. 
Living alone was an independent correlate of undiag-
nosed T2D in the present study and in some,28 although 
not all previous studies.19 Compared with persons who 
live with a partner, persons living alone may be more 
prone to develop diabetes due to lower social support 
and a higher probability of unfavorable health-related 
behaviors.39 A non-linear relationship between alcohol 
consumption and risk of diabetes was reported previ-
ously with moderate alcohol consumption being associ-
ated with lowest T2D risk.40 As the harm of heavy alcohol 
consumption on health is well recognized, people with 
diagnosed T2D may have been advised to change lifestyle 
such as doing more sports and not drinking too much 
or even withdrawing from alcohol drinking, leading to 
less risky drinking found among people with diagnosed 
T2D but not undiagnosed T2D versus normoglycemia. 
According to the guidelines for the management of T2D 
in Germany, people with diagnosed T2D should visit a 
doctor regularly for glycemic control, eye and foot exam, 
etc to prevent diabetes-related complications. It is thus 
no wonder that they visit a doctor more often than people 
with undiagnosed T2D within the past year.

Few previous studies have investigated factors asso-
ciated with undiagnosed T2D versus diagnosed T2D 
in western populations.14 20 38 41 Leahy et al examined 
correlates of undiagnosed versus diagnosed T2D among 
Irish men and women aged 50 years and over in primary 

https://dx.doi.org/10.1136/bmjdrc-2020-001707
https://dx.doi.org/10.1136/bmjdrc-2020-001707
https://dx.doi.org/10.1136/bmjdrc-2020-001707
https://dx.doi.org/10.1136/bmjdrc-2020-001707
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care. In agreement with our results, this previous study 
found that both groups did not differ with regard to 
major diabetes-related risk factors including hyperten-
sion, hyperlipidemia, obesity, smoking, physical activity 
or low education.20 However, unlike the present study 
this previous study did not find differences regarding 
age, male sex, marital status and general practitioner 
visits in the past 12 months despite a similar study design 
and a similar definition for undiagnosed T2D.20 Another 

primary care study among middle-aged Irish adults 
50–69 years found that adults with undiagnosed versus 
diagnosed T2D were more likely to have higher BMI and 
physical inactivity and less likely to have a family history 
of T2D diabetes.38 Similar results regarding obesity were 
reported based on a comparison of adults with undiag-
nosed and diagnosed diabetes in the study using data 
from the 1988–1994 US National Health and Nutrition 
Examination Survey.41 This previous analysis did not find 

Table 3  Multinomial logistic regression of factors associated with undiagnosed vs diagnosed type 2 diabetes (T2D). German 
Health Interview and Examination Survey for Adults 2008–2011 (DEGS1)

Undiagnosed T2D vs diagnosed T2D

P valueOR* 95% CI

Sex

 � Men vs women 1.74 1.10 to 2.76 0.019

Age, per year 0.96 0.93 to 0.99 0.003

Community size

 � Rural/Small cities vs middle/large cities 1.52 0.82 to 2.81 0.182

Region

 � West vs East Germany 2.46 1.06 to 5.70 0.036

Education

 � Primary vs middle/high 1.16 0.69 to 1.96 0.572

Living alone

 � Yes vs no 1.80 1.07 to 3.01 0.026

Obesity (BMI ≥30 kg/m2)

 � Yes vs no 1.30 0.76 to 2.21 0.340

Currently smoking

 � Smoking vs not smoking 0.95 0.49 to 1.87 0.892

Alcohol use

 � Moderate drinking vs no use 1.89 0.90 to 3.97 0.092

 � Risky drinking vs no use 1.26 0.54 to 2.95 0.597

Sports activity

 � No sports vs any sports 0.86 0.49 to 1.52 0.598

Parental history of diabetes

 � Yes vs no 0.64 0.38 to 1.09 0.098

PHQ-9

 � With vs without depressive symptoms 0.67 0.27 to 1.68 0.393

Hyperlipidemia

 � Yes vs no 1.14 0.70 to 1.86 0.589

Hypertension

 � Yes vs no 0.81 0.48 to 1.39 0.448

Visiting a doctor within the past year

 � No vs yes 4.50 1.85 to 10.97 0.001

Hyperlipidemia: defined as total cholesterol ≥6.2 mmol/L or currently using lipids-lowering drugs for the treatment of physician-diagnosed 
hyperlipidemia.
Hypertension: defined as systolic blood pressure ≥140 mm Hg (18.7 kPa) or diastolic blood pressure ≥90 mm Hg (12.0 kPa) or currently 
using antihypertensive drugs for the treatment of physician-diagnosed hypertension.
*Odds ratios (ORs) based on relative risk ratios and 95% confidence intervals (CIs) obtained from multinomial logistic regression. Bold values 
denote statistical significance at the p<0.05 level. Results were weighted to the population of 31 December 2010.
BMI, body mass index; PHQ-9, 9-item depression module of the Patient Health Questionnaire.
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group differences either regarding age, male sex, educa-
tion or marital status, which were confirmed in a study 
by using 2007–2012 US National Health and Nutrition 
Survey data.14 In our study, lower education was signifi-
cantly associated with undiagnosed as well as diagnosed 
T2D in model 1. However, the association was explained 
by cohabitation status among persons with undiagnosed 
T2D and by obesity among persons with diagnosed T2D. 
Similar to our results, having no access to healthcare 
increased the odds of undiagnosed versus diagnosed 
diabetes both for white and Hispanic adults.14 In addi-
tion, we found persons with undiagnosed T2D were more 
likely to reside in the western part of Germany than in 
eastern part of Germany. This is in line with our previous 
findings that prevalence of undiagnosed diabetes in the 
eastern part of Germany decreased due to increased 
screening activities, which leads to a higher prevalence of 
undiagnosed diabetes being found in the western part of 
Germany than in the eastern part of Germany.13 Together 
these results differences in factors associated with undiag-
nosed diabetes between studies suggest country-specific 
screening strategies targeting on vulnerable population 
subgroups for undiagnosed T2D be needed.

Strengths and limitations
The main strength of this study is that we used data from a 
nationally representative sample of community-dwelling 
adults in Germany. A wide variety of factors potentially 
associated with undiagnosed diabetes could be examined 
in regression models. However, there are several limita-
tions. First, a selection bias cannot be ruled out. People 
aged 80 years and older, hospitalized and institutional-
ized (eg, those in nursing-homes) were not included in 
the national health survey. These people are expected 
to be at a high risk of diagnosed and undiagnosed T2D 
due to multiple morbidities at an advanced age. Second, 
some misclassification biases cannot be excluded. The 
low prevalence of T1D and low proportion among adults 
with diabetes in DEGS130 suggested that people with 
T1D may have not been excluded completely. Although 
undiagnosed T1D is theoretically possible, as the onset 
of T1D can be abrupt, we treated all people with defined 
undiagnosed diabetes as those having undiagnosed T2D. 
In addition, the definition of undiagnosed T2D relied 
on only one single HbA1c test as data of fasting plasma 
glucose and 2-hour glucose tolerance test are unavailable 
in DEGS1. HbA1c, alone14 15 17–20 38 or in combination 
with fasting glucose and oral glucose tolerance test,15 16 
is widely used for diagnosing diabetes in many epidemi-
ological studies due to its practicality and convenience. 
Previous studies suggest that HbA1c-based methods may 
underestimate prevalence of undiagnosed diabetes.42–44 
Given discrepancy and concerns for the definitions of 
undiagnosed diabetes by different criteria in epidemi-
ological studies,37 44 studies may be required to investi-
gate if factors associated with undiagnosed diabetes vary 
with different criteria for diagnosing diabetes in epide-
miological studies. Third, in the regression models we 

have considered potential factors as best as possible. 
Other factors that have an influence on the preva-
lence, diagnosis and prevention of diabetes may have 
not been considered. For example, there’s evidence 
suggesting that prevalence of undiagnosed diabetes was 
higher among Hispanic than among white American 
adults and factors associated with undiagnosed diabetes 
differed between the two groups.14 It was not possible 
to consider immigration background in the present 
analysis, although this factor is likely to be linked with 
language barriers affecting access to medical care. As of 
2010, 18.3% of the population in Germany had an immi-
gration background.45 However, although efforts were 
taken to include people with immigration background, 
in particular first-generation immigrants were well 
under-represented in DEGS1.46 This initiated improving 
concepts and methods for inclusion of the growing and 
increasingly heterogeneous group of the population in 
Germany with immigration background into national 
health monitoring activities.47 Furthermore, little is 
known about the awareness of diabetes risk and the will-
ingness to change lifestyle to reduce already recognized 
modifiable risk factors of T2D. Both play a critical role in 
the diagnosis and prevention of T2D. Fourth, although 
multiple imputation methods result in valid statistical 
inferences, our results–particularly for those factors with 
a 95% CI near 1 should be interpreted with caution given 
the high proportion of study subjects with missing obser-
vations in some variables. However, differences in results 
between imputed data and complete case data were 
rather low.

Implications for public health research and practice
Our results emphasize the importance of understanding 
factors that are associated with undiagnosed diabetes, 
even in countries with universal access to healthcare. 
Factors may vary according to the definition of unknown 
diabetes and specific context factors may also change 
over time. Thus, monitoring of potential drivers of 
undiagnosed diabetes is necessary at the national and 
regional level. Most importantly, future research needs 
to include particularly vulnerable groups of the popu-
lation at high risk of diabetes and limited access to the 
healthcare system, such as persons with immigration 
background and language barriers. In Germany, results 
of the present study will inform the national education 
and communication strategy on diabetes mellitus, which 
is currently developed by the German Federal Center for 
Health Education.

CONCLUSIONS
In the present study, we identified a number of character-
istics that were associated with undiagnosed T2D among 
adults in Germany. Apart from major known risk factors 
of diabetes, younger age, male sex, residing in the western 
part of Germany, living alone and not regularly seeing a 
doctor were factors associated with undiagnosed diabetes 
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versus diagnosed diabetes. These results deserve further 
investigation as they are relevant to improve the detection 
of undiagnosed diabetes and targeted T2D risk commu-
nication as part of the national education and communi-
cation strategy on diabetes mellitus in Germany, which is 
currently developed by the German Federal Center for 
Health Education. Further studies should also consider 
factors such as barriers to awareness of diabetes risks and 
the willingness to change lifestyles, some of which may be 
related to personal factors and others to living conditions 
and the healthcare system.
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