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Abstract  Aims/hypothesis  To estimate the prevalence of undiagnosed diabetes mellitus,

impaired glucose tolerance (IGT) and impaired fasting glucose (IFG), and their relations

with cardiovascular risk factors in the general population aged 55 to 74 years in Southern

Germany.

Methods  Oral glucose tolerance tests were carried out in a random sample of 1353 subjects

aged 55 to 74 years participating in the KORA (Cooperative Health Research in the Region

of Augsburg) Survey 2000. Prevalences of glucose tolerance categories (1999 WHO criteria)

were adjusted for sample probabilities. The numbers needed to screen (NNTS) to identify

one person with undiagnosed diabetes were estimated from age-adjusted logistic regression

models.

Results  Sample design-based prevalences of known and unknown diabetes, IGT, and IFG

were 9.0%, 9.7%, 16.8%, 9.8% in men, and 7.9%, 6.9%, 16.0%, 4.5% in women, respectively.

In both sexes, participants with undiagnosed diabetes had higher BMI, waist circumference,
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systolic blood pressure, triglycerides, uric acid, and lower HDL-cholesterol than

normoglycaemic subjects. A combination of abdominal adiposity, hypertension, and parental

diabetes in men resulted in a NNTS of 2.9 (95%CI: 2.0–4.6). In women, the combination of

increased triglycerides, hypertension and parental diabetes history yielded a NNTS of 3.2

(95%CI: 2.2–5.1).

Conclusion/interpretation  About 40% of the population aged 55 to 74 years in the

Augsburg region have disturbed glucose tolerance or diabetes. Half of the total cases with

diabetes are undiagnosed. Cardiovascular risk factors worsen among glucose tolerance

categories, indicating the need for screening and prevention. Screening for undiagnosed

diabetes could be most efficient in individuals with abdominal adiposity (men),

hypertriglyceridaemia (women), hypertension, and parental diabetes history.

Keywords  Undiagnosed diabetes · impaired glucose tolerance · epidemiology · cardiovascular

risk · triglycerides · obesity · screening · public health

Abbreviations

KORA   Kooperative Gesundheitsforschung im Raum Augsburg (Cooperative Health

Research in the Region of Augsburg)

WHO-MONICA   Monitoring of Trends and Determinants in Cardiovascular Disease project

NNTS   number needed to screen

Surveillance of diabetes is a necessary first step towards its prevention and control [1], to

reduce the increased risk of cardiovascular morbidity and mortality [2]. In Europe,

population-based epidemiologic studies on prevalence of known and undiagnosed diabetes

mellitus using oral glucose tolerance tests (OGTT) are still rare [3]. Therefore, a mapping

and comparative analysis of the prevalence of Type 2 diabetes and impaired glucose tolerance

(IGT) in Europe, which has been successfully carried out for Type 1 diabetes [4], is lacking.

In Germany, the country with the largest population in Europe, there are only data on

self-reported diabetes, e.g. from the National Health Survey and the MONICA Augsburg

project [5, 6]. Population-based data on diabetes prevalence (diagnosed and undiagnosed)

using OGTT are lacking, which would allow comparisons with similar studies from other

European countries [3, 7]. Due to intensive health care utilization by the population, it has

been hypothesized that the frequency of undiagnosed diabetes in Germany is low [5].
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As part of the KORA (Cooperative Health Research in the Region of Augsburg) Survey

2000, fasting OGTT were carried out among participants aged 55 to 74 years without known

diabetes. The KORA Survey is a population-based study in Southern Germany using the

same geographical region and study methods as the former WHO MONICA project [8].

This paper describes the age-sex-specific prevalences of newly diagnosed diabetes (1999

WHO criteria), IGT, and impaired fasting glucose (IFG) in this population, and their

associations with cardiovascular risk factors. Little is known about the risk factors associated

with undiagnosed diabetes. Therefore, potential risk factors for undiagnosed diabetes and

the number needed to screen in risk-groups were assessed to detect target populations for

efficient screening.

Subjects, Materials and Methods

Study population  Subjects were invited to participate from the city of Augsburg and 16 towns

and villages out of 70 communities from the surrounding districts with about 600000

inhabitants in 1999. The survey sampling method of the former WHO MONICA project was

used [9]. Within each selected community, a stratified sample with ten equal strata by sex

and age was drawn, four of these strata included men and women aged 55 to 74 years.

The total study sample involved 6640 subjects with 2656 aged 55 years or over. After an

intensive media campaign in the region, all subjects in the age-group 55 to 74 years without

known diabetes were invited to participate in the OGTT study and informed consent was

obtained from the participants. The study was performed from October 1999 to April 2001

in the KORA study centre (city of Augsburg) and 11 local study centres in the communities.

All subjects who refused to take part were asked for a short structured telephone interview

to obtain information on their medical conditions (including known diabetes and obesity).

Oral glucose tolerance tests  OGTT were carried out in the morning (7:00 am to 11:00 am).

Participants were asked to fast for 10 h overnight, to avoid heavy physical activity on the day

before examination and to refrain from smoking before and during the test. Exclusion criteria

for the OGTT were: (i) antidiabetic medication or known diabetes, eventually confirmed by

the patient’s general practitioner; (ii) acute illness (infection, fever, acute gastrointestinal

disease); (iii) start of the OGTT later than 11:00 am.

Fasting venous blood glucose was sampled and 75 g of anhydrous glucose given (Dextro

OGT, Boehringer Mannheim, Germany). The means ± SD duration for the 2-h glucose
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determination among all KORA OGTT participants was 120±6 min. Subjects with

gastrointestinal disturbances (vomiting, diarrhoea) after the glucose load were excluded from

the analyses (Fig. 1).

Fig. 1.  Flowchart of participation in the KORA Survey 2000 OGTT examination

Previously known diabetes was defined based on self-reported physician diagnosis or use

of antidiabetic agents. Newly diagnosed diabetes (≥7.0 mmol/l fasting or ≥11.1 mmol/l 2-h

post glucose load), IGT, IFG, and normal glucose tolerance (NGT) were defined according

to the 1999 WHO diagnostic criteria based on both fasting and postchallenge glucose values
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[10]. Furthermore, prevalence of undiagnosed diabetes was also estimated based on a fasting

value of more than or equal to 7.0 mmol/l, as proposed by the American Diabetes Association

(ADA) [11].

Laboratory measurements  Blood was collected with minimal stasis, refrigerated at 4 to 8°C

and shipped on refrigerant packaging within 2 to 4 h to the laboratory of Augsburg Central

Hospital. Blood glucose was measured using a hexokinase method (Gluco-quant; Roche

Diagnostics, Mannheim, Germany). The interassay coefficients of variation for glucose were

2.4% at 98 mg/dl and 2.1% at 235 mg/dl. HbA1c-values were assessed using a turbidimetric

immunologic assay (Tina-quant, Roche Diagnostics). The interassay coefficients of variation

were 3.9% at HbA1c 5.7% and 5.2% at HbA1c 9.7%.

Total cholesterol was measured using the Boehringer CHOD-PAP (Roche Diagnostics)

and HDL-cholesterol using the phosphotungstic acid method (Boehringer Mannheim). Low

HDL-cholesterol was defined as less than 0.91 mmol/l in men and less than 1.16 mmol/l in

women. Triglycerides were measured with the Boehringer GPO-PAP assay (nonfasting in

diabetic subjects). Hypertriglyceridaemia was defined as concentrations more than or equal

to 2.0 mmol/l. Serum uric acid was assessed with the uricase method (Roche Diagnostics).

Hyperuricaemia was defined as concentrations more than 416 µmol/l in men and more than

357 µmol/l in women.

Anthropometric measurements and interviews  Body weight was measured in light clothing

by trained investigators to the nearest 0.1 kg, and height to the nearest 0.5 cm. Waist

circumference was measured at the minimum abdominal girth and hip circumference was

assessed at the maximum protusion of the hips at the level of the symphysis pubis to the

nearest 0.1 cm. Obesity was defined as BMI more than or equal to 30 kg/m2 and abdominal

adiposity as waist circumference above the 80th sex-specific centile (men: >109 cm; women:

>100 cm) [12].

Blood pressure was measured three times at the right arm in a sitting position after a

fifteen-minute rest using a validated automatic device (OMRON HEM 705-CP). The mean

of the second and third measurement was used for the analysis. Hypertensive blood pressure

was defined by systolic blood pressure more than 140 mm Hg or diastolic blood pressure

more than 90 mm Hg (with or without antihypertensive medications).

Medical history was assessed in a structured interview including use of prescription drugs.

Subjects were also asked to report the frequency and average duration of regular moderate

and vigorous physical activity during leisure time in winter and summer using four categories.

5



Responses for the two seasons were combined to define physical activity. Less than 1 h activity

per week was defined as low physical activity. Parental history of diabetes was also assessed

and was defined as either maternal or paternal diabetes or both.

Statistical analysis  Analyses were carried out separately for men and women. Age-specific

prevalences (95% confidence intervals) of diabetes (known and newly diagnosed), IGT, and

IFG were calculated accounting for sample design using Stata Statistical Software: Release

7.0 (StataCorp, 2001, College Station, Tex., USA). Analyses were accounted for sampling

weights and clustering to obtain point estimates, standard deviations and 95% confidence

intervals [13, 14]. The sampling weight for each individual was computed as the inverse of

the product of the selection probability of the cluster and the proportion of responders in

the sex-age-strata of the cluster. Therefore, some weighting adjustment was done for

non-response [13]. Sample design-based standard deviations were computed from the standard

errors [15]. Sample design-based trend tests (age) for the various glucose tolerance categories

were carried out by including an ordinal variable (four age-classes) in a logistic regression

model. Crude age-sex-specific prevalences of known diabetes, new diabetes, IGT, and IFG

were also directly standardized to the German population (December 31, 2000).

Sample design-based linear and logistic regression models were fitted to assess differences

between groups for normal-distributed or dichotomous variables. Geometric means and

standard deviation factors were computed for log-normal distributed variables (triglycerides).

Potential risk factors for newly diagnosed diabetes were evaluated using sample

design-based logistic regression models with OGTT-based nondiabetic subjects as reference

category. The number needed to screen (NNTS) to identify one subject with undiagnosed

diabetes was calculated for various risk-factor-groups [16]. NNTS (95%CI) were obtained

from sample design-based logistic regression models as the inverse of the estimated prevalence

of undiagnosed diabetes in the risk-groups. Finally, differences between participants and

nonparticipants were assessed using Chi-square tests or Student’s t test, and by fitting a

multiple logistic regression model with non-participation as dependent variable. A p value

of less than 0.05 was considered statistically significant.

Results

Characteristics of participants and non-participants  Overall, 1653 (62%) of 2656 randomly

selected subjects in the age-group 55 to 74 years participated in the survey (Fig. 1). Compared
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to participants, non-participants were older (participants: 47% aged 65–74 years,

non-participants: 56% aged 65–74 years) (p<0.001). There was no difference with respect

to sex between the groups (women: 49% vs 52%) (p=0.22). After excluding participants with

known diabetes and further drop-outs, which were mainly subjects who were not able to

attend an investigation during the morning hours (n=158), 1353 subjects had a standard

OGTT (Fig. 1).

Prevalence of diabetes and glucose intolerance  The total sample design-based diabetes

prevalence (diagnosed and undetected cases) in the age-group 55 to 74 years was 16.6%

(Table 1). The age-standardized (German 2000 population) prevalences for the various

glucose tolerance categories were comparable to the sample design-based Augsburg estimates.

About half of all cases with diabetes were undiagnosed, which varied little across age. Overall,

previously unknown diabetes was more frequently found among men than women (Table

1).

[Table 1. will appear here. See end of document.]

According to the fasting ADA criteria, sample design-based prevalence of undiagnosed

diabetes was 4.9% (95% CI: 3.7–6.1%) (men: 6.4%; women: 3.5%). Thus, 41% of newly

diagnosed cases were detected by 2-h glucose only (men: 34%; women: 50%).

IFG was about two times more common in men than in women (9.8% vs 4.5%) (p<0.01),

whereas no sex-difference was observed for IGT (p=0.70) (Table 1). Prevalence of IGT

increased with age in both sexes (both p<0.01), affecting about one-fifth of participants more

than or equal to 70 years of age. For IFG, an increase with age was only found in women

(p<0.05) (men: p=0.09) (Table 1).

Thus, about 40% of the total population in the age-group 55 to 74 years in the Augsburg

region either had diabetes or other categories of glucose intolerance. The total prevalence

of both diagnosed and undiagnosed glucose disorders in men exceeded that among women

(men: 45%; women: 35%) (p<0.001).

Characteristics of subjects with known and newly diagnosed diabetes  Among patients with

previously known diabetes (mean age: 64.9±4.9 years; men: 50%; diabetes duration: 9.7±7.8

years); 57% used oral antidiabetic drugs only and 33% were treated with insulin, including

combinations with oral agents. Average HbA1c value (± SD) in patients with known diabetes

was 7.2±1.4% (116% of the upper limit of normal range). In participants with newly diagnosed

diabetes (mean age: 64.6±5.4; men: 56%), the mean HbA1c of 6.2±1.0% was intermediate
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between known diabetes and NGT (5.6±0.3%) and was higher compared to both IGT

(5.7±0.4%) and IFG (5.6±0.3%) (both p<0.001).

The proportions of subjects with more than one visit to a physician during the last 4 weeks

were 64%, 35%, and 41% in men, and 65%, 39%, and 47% in women with known, previously

undiagnosed diabetes, and NGT, respectively, which was increased in patients with known

diabetes only (p<0.05). The corresponding proportions for more than one hospitalization

during the preceding 12 months among those groups were 23%, 21%, 15% in men and 24%,

26%, 14% in women, respectively, which were also higher only in known diabetes compared

to NGT (p<0.05).

Cardiovascular risk factors and undiagnosed diabetes  In both sexes, subjects with newly

diagnosed diabetes had an increased cardiovascular risk factor profile, which resembled the

characteristics of known diabetic patients (Table 2). In general, participants with undiagnosed

diabetes had higher BMI, waist circumference, systolic blood pressure, triglycerides, serum

uric acid, and lower HDL-cholesterol than normoglycaemic participants. Prevalence of

obesity (BMI ≥30 kg/m2) was 39% in men with undetected diabetes (NGT: 18%), which was

even higher in women (undetected diabetes: 46%; NGT: 27%). In participants with IGT and

IFG, most cardiovascular risk factors were intermediate between known diabetes and normal

glucose tolerance (Table 2).

[Table 2. will appear here. See end of document.]

Number needed to screen (NNTS) for undiagnosed diabetes  The association of known risk

factors for Type 2 diabetes and metabolic parameters with undiagnosed diabetes was

evaluated, all could be assessed in primary care, in order to identify subgroups for most

efficient screening (low NNTS).

Undiagnosed diabetes was associated with abdominal adiposity, hypertensive blood

pressure, hypertriglyceridaemia, and parental diabetes history in both sexes in univariate

analyses (Table 3). Obesity was related to undiagnosed diabetes in men (p <0.05).

Hyperuricaemia, low leisure time physical activity, and health care utilization were not related

in both sexes.

[Table 3. will appear here. See end of document.]

In multivariate analyses all associated risk factors from univariate analyses and age (classes)

were included (Table 3). As BMI and waist circumference were highly correlated (r=0.78;

p<0.001), only the latter was used in the multivariate model. In men, increased waist
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circumference (OR; 95%CI: 2.3; 1.3–4.1), hypertensive blood pressure (1.7; 1.1–2.6) and

parental history (1.9; 1.2–2.9) were related to undiagnosed diabetes.

In women, hypertriglyceridaemia (OR; 95%CI: 2.7; 1.4–5.3), hypertensive blood pressure

(2.1; 1.4–3.0) and parental diabetes history (2.0; 1.1–3.5) were associated with unknown

diabetes in multivariate analysis (Table 3).

The NNTS (95%CI) to identify one person with undiagnosed diabetes for the various risk

factor groups are shown in Table 4. In men, the lowest NNTS were found for individuals

with low HDL-cholesterol, increased waist circumference, and hypertriglyceridaemia. In

women, NNTS were lowest in subjects with hypertriglyceridaemia, individuals with low

HDL-cholesterol and with previous hospitalization.

[Table 4. will appear here. See end of document.]

Taking into account the results of the multivariate regression analyses, a combination of

abdominal adiposity, hypertension, and parental diabetes history in men resulted in a NNTS

of 2.9 (95%CI: 2.0–4.6). In women, the combination of increased triglycerides, hypertension,

and parental history of diabetes yielded a NNTS of 3.2 (95%CI: 2.2–5.1).

Telephone survey of non-participants  Of the non-participants 497 (50%) could be reached

by telephone interviews. The age-sex-characteristics of those who participated in the interview

were not different from those who completely refused participation (p≥0.05). The prevalence

of self-reported diabetes mellitus among interviewed non-participants was higher compared

to survey participants (14.2% vs. 8.2%) (p<0.001). Body mass index (BMI), based on

self-reported height and weight, was lower among those who refused to participate (means

± SD: 26.6±4.3 vs 28.6±4.4 kg/m2) (p<0.01). Fitting a multiple logistic regression model

with non-participation in biomedical investigations as dependent variable, non-participants

were less likely to be obese (BMI ≥30 kg/m2) (OR; 95%CI: 0.4; 0.3–0.6), to be men (OR:

0.8; 0.6–0.97), and were more likely to be older than participants (OR: 65–74 vs 55–64 years:

1.4; 1.1–1.7). Furthermore, non-participants more often reported known diabetes mellitus

(OR: 2.2; 1.6–3.0).

Discussion

This is the first population-based study on prevalence of diabetes (diagnosed and undiagnosed)

and IGT in an 55 to 74 year old population in Germany using OGTT. The total diabetes

prevalence was about 17%, an additional 23% of the population had IGT or IFG.
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Undiagnosed diabetes was much more frequent than previously expected, about half of the

cases of diabetes were undiagnosed.

Comparable data from other regions in Germany on the prevalence of known and newly

diagnosed diabetes is lacking. The age-sex-specific prevalences of self-reported diabetes in

the 1998 German National Health Interview and Examination Survey (West-Germany) were

slightly higher (about 1%) as in the Augsburg study, which could be due to geographic

variations and different assessment methods [5]. A low prevalence of 1% was estimated for

undetected diabetes in the National Health Survey (age-group 18–79 years) (known diabetes:

4.7%) [5]. However, undetected diabetes was defined as combinations of increased fasting

glucose, HbA1c, and urine glucose, sensitivity and specificity of this approach were not given.

In the RIAD (Risk factors in IGT for Atherosclerosis and Diabetes) study from Dresden,

the OGTT-based prevalence of newly diagnosed diabetes (WHO criteria) in subjects aged

40 to 70 years with an increased risk for Type 2 diabetes was 15% [17]. Thus, the RIAD Study

and another HbA1c-based investigation confirm that undiagnosed diabetes is more common

in the German population than previously thought [17, 18].

It has been hypothesized that undiagnosed diabetes in Germany is rare because of intensive

health care utilization by the population [5]. However, the extent of health care use (physician

visits, hospitalization) was not related to the risk of having undiagnosed diabetes [19]. About

40% of those in this study had at least one physician contact during the preceding 4 weeks,

which was similar to people with normal glucose tolerance. Thus, lack of diabetes diagnosis

seems not to be related to less utilization of health care.

The prevalence of abnormal glucose tolerance found in Southern Germany is among the

highest reported from European countries [7, 20, 21, 22]. Obesity could be a main predictor

for the high prevalence of diabetes and IGT in Germany. Data from the WHO MONICA

project and other studies indicate a high percentage of obese and overweight subjects in the

German population compared to other countries in Western and Middle Europe, in particular,

among men [23, 24]. Currently, about 20% of the German adult population can be considered

obese [12, 23]. In a longitudinal analysis of the MONICA Augsburg surveys from 1989/90 to

1994/95, even a constant temporal increase was observed both for BMI and waist

circumference [12]. Given the high prevalence of diabetes and glucose intolerance found in

this study and the large impact of obesity on incident diabetes observed in a follow-up of the

Augsburg MONICA project [25], prevention and management of obesity is of great

importance for public health in Germany.
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When applying the Augsburg estimates to the total German population, there could be

currently about 1.5 million individuals with undiagnosed diabetes in the age-group 55 to 74

years. Furthermore, about 3 million in this age-group have IGT, of whom a substantial number

will develop diabetes within the next years. In absolute numbers, subjects with undiagnosed

diabetes in the German population (55–74 years) already establish a larger group compared

to patients with known Type 2 diabetes in the total population of other European countries

like France (1.3 million) and the UK (1.2 million) [26]. Therefore, given the high diabetes

prevalence and the large population in Germany, these epidemiologic results are also relevant

from a European public health perspective.

Undiagnosed diabetes is not a mild disorder compared to clinically detected diabetes.

Although subjects with undiagnosed diabetes were not as hyperglycaemic as those with known

diabetes (HbA1c), they have a high prevalence of risk factors for cardiovascular complications

[27]. It is also noteworthy, that the levels of obesity, increased blood pressure and dyslipidemia

found in patients with known and treated diabetes are similar to the high levels observed in

newly diagnosed and therefore untreated diabetic subjects. Although the benefits of early

detection and treatment of undiagnosed diabetes still need to be established [28], this study

adds more evidence to justify opportunistic diabetes screening in subjects with known

cardiovascular risk factors.

There were some sex differences in the possible target groups for diabetes screening. In

men, screening could be most efficient in individuals with a combination of abdominal

adiposity, hypertension and parental diabetes history. In women, a low NNTS was found in

individuals with hypertriglyceridaemia, hypertensive blood pressure and parental diabetes.

Overall, screening might be more efficient in men than women (lower NNTS). Data from

the Health, Aging, and Body Composition Study from the United States confirm that screening

for undiagnosed diabetes could be most efficient in subjects with increased cardiovascular

risk factors, including obesity (abdominal adiposity) and history of hypertension, in particular,

among men [16]. Increased triglycerides, which were associated with undiagnosed diabetes

in women, are a simple marker for insulin resistance in the general population [29].

The ADA recommended the use of fasting glucose for diabetes screening, which could be

obtained during routine primary care visits [27, 30]. Overall, about 60% of the cases could

have been diagnosed by fasting glucose in this study. However, in women, half of the subjects

with newly diagnosed diabetes were only detected by 2-h glucose (men: 34%), confirming

previously reported sex differences in the WHO and ADA diabetes diagnostic criteria [31].
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Thus, there may not only be some sex differences in the “who” but also in the “how” for

diabetes screening.

Several limitations of this study need to be considered. Despite enormous efforts only

62% of the subjects in the age-group 55 to 74 years agreed to participate, which was in the

range of other recent population-based surveys in Germany and Europe [32]. To evaluate

possible bias, we investigated the non-participants with respect to known diabetes and

self-reported BMI. In general, non-participants in risk factor surveys are less healthy [33].

This ‘healthy participant effect’ was also observed in the KORA Survey 2000. Non-participants

were about two times more likely to have diabetes mellitus. Therefore, the prevalence of

known diabetes mellitus could have been underestimated. Obesity as a major risk factor for

Type 2 diabetes mellitus was more frequently found among survey participants than in

non-participants. This might have resulted in overestimating the prevalence of newly diagnosed

diabetes and IGT, non-participants were also older. However, this bias was partly controlled,

because the data has been weighted in the analysis to match the age-sex-distribution of the

residential population in Augsburg.

In conclusion, about 40% of the population 55 to 74 years in the Augsburg region had

disturbed glucose tolerance or diabetes. Half of the total cases with diabetes were undiagnosed.

Cardiovascular risk factors worsen among glucose tolerance categories, justifying opportunistic

diabetes screening. Screening for undiagnosed diabetes might be most efficient in individuals

with abdominal adiposity (men), hypertriglyceridaemia (women), hypertensive blood pressure,

and parental history of diabetes.
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