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Introduction Type 2 diabetes represents a major problem
in many societies. Early detection and, even better,
prevention could help to reduce the burden of the disease.
Therefore, increased awareness of disorders of glucose
metabolism is important. During the campaign ‘Knowing
what Matters in diabetes: Healthier below 7’, in the last few
years, more than 31 000 shopping mall visitors in Germany
were voluntarily checked for their potential diabetes risk.

Methods With a modified FINDRISK questionnaire,
demographic, anthropometric and anamnestic data relevant
for the estimation of the potential diabetes risk were
collected. In addition, medical data such as plasma glucose,
blood pressure (BP), BMI and waist circumference were
obtained. Furthermore, lifestyle habits were documented.
Hemoglobin (Hb)A1c was assessed randomly in a subgroup
of individuals (n= 4133). In total, data from 26 522 valid
questionnaires were collected and evaluated over 10 years
(2005–2014) from 45 single locations throughout Germany.
Results from participants with manifest diabetes have
already been published in this journal. Here, we report on
the results from participants without a previous history of
diabetes mellitus.

Results Among the 26 522 participants with a completed
questionnaire, 21 055 (79.4%) participants did not have a
previous history of diabetes. Characteristic risk factors for
diabetes were common in this group. With about 17% being
obese and 40% being overweight, more than half of these
individuals were thus beyond the normal BMI range. In
addition, waist circumference exceeded common
thresholds in 44% of the participants. As expected, many of
them followed an unhealthy lifestyle as 35% reported no
regular physical activity and 20% reported an
unhealthy diet. The mean BP was 141/85mmHg. More than
half (51%) half of the patients in the nondiabetic group had
a systolic BP above 140mmHg, but only one-third (35%)
reported concomitant treatment with antihypertensives. In
the questionnaire, 14% of the participants had a FINDRISK
sum score of 15 points and above, indicating a moderate or

high risk of potentially developing type 2 diabetes within
10 years. Surprisingly, in the subgroup with HbA1c

measurements (n= 4133), 18.5% of the participants without
a diagnosis or a history of diabetes were found to have an
HbA1c value of at least 6.5% indicating manifest, previously
undetected type 2 diabetes.

Conclusion The data collected in individuals without a
known history of diabetes indicate a considerable
prevalence of typical risk factors associated with diabetes.
In addition, the data confirmed that screening of apparently
healthy individuals consistently shows a significant
proportion of individuals with previously undetected type 2
diabetes which, in the subgroup, was surprisingly high. As
there is convincing evidence for the beneficial effect of
relatively simple lifestyle interventions such as an increase
of physical activity and avoidance of unfavourable diets, and
weight reduction, campaigns such as ‘Knowing what
Matters in diabetes: Healthier below 7’ can be an
appropriate option to encourage primary prevention among
the sedentary population as well as a suitable tool for early
disease recognition. Therefore, campaigns such as this
should be intensified and options for early preventive
intervention should be offered to reduce long-term disease
burden and healthcare costs. Cardiovasc Endocrinol
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Introduction
Type 2 diabetes is a steadily increasing problem for

healthcare systems worldwide and Germany is one of the

most severely affected countries in Europe [1,2]. As
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many patients live with undiagnosed diabetes, the high

incidence and prevalence figures still underestimate the

problem.

Early diagnosis and changes in lifestyle supplemented by

individually tailored antidiabetic treatment can prevent

or at least delay microvascular and macrovascular com-

plications in manifest diabetes [3].

There is consensus that primary prevention is even more

important to reduce the incidence, the associated disease

burden and healthcare costs of this chronic progressive

disease in the future [4]. Theoretically, this should be

relatively easy to achieve. As the most important risk

factors for the development of diabetes have been well

known for decades, almost all of them can be influenced

or modified and thus support the decrease of the indi-

vidual diabetes risk [5,6].

It is well known that physical inactivity and less favour-

able nutritional habits are the main drivers of weight gain

and obesity concurrently promoting the development of

impaired glucose tolerance, insulin resistance and finally

type 2 diabetes mellitus. In Germany, more than half of

the adult population is considered overweight and

approximately one-quarter is already obese [7].

Meanwhile, this disease is also increasingly being diag-

nosed in children and adolescents [8].

A family history of diabetes, hypertension and several

other modifiable risk factors also contribute towards the

development of impaired glucose metabolism and per-

manent hyperglycemia [9].

Background of the campaign
In 2005, the campaign ‘Knowing what Matters in dia-

betes: Healthier below 7’ was initiated to raise awareness

of the disease, to identify individuals with a potential risk

of developing diabetes and to inform those who are

already affected about an optimized diabetes manage-

ment; therefore, the term ‘below 7’ refers to the hemo-

globin (Hb)A1c-target for those with a history of diabetes.

Everyone was invited to participate in the shopping mall

activities – irrespective of known/unknown diabetes

diagnosis, age, sex, BMI or other individual character-

istics, and no selection process was applied. Thus, the

participants of the campaign represent a random sample

of the general population.

By the end of 2014, more than 31 000 individuals had

participated voluntarily by completing standardized

questionnaires and had undergone examinations with

respect to key metabolic parameters and other diabetes

risk factors. The results from 5098 participants who

already had a manifest diagnosis of type 2 diabetes have

been published earlier [1].

Methodology
Methods applied during the campaign have been

described in detail elsewhere [1]. In brief, 45 single

campaigns have been conducted in German shopping

malls between 2005 and 2014 offering voluntary partici-

pation to visitors. This included the completion of a

modified FINDRISK questionnaire with eight items [10]

and additionally blood pressure (BP) and blood glucose

measurement and optionally the determination of HbA1c.

In addition to the results published for participants with

manifest type 2 diabetes [1], this paper presents the data

collected from participants without a previous history of

diabetes.

Weight and height were documented as indicated by parti-

cipants. BP was measured in the right arm in the sitting

position after an obligatory 5minutes rest. Waist cir-

cumference was measured with an appropriate tape according

to official recommendations [11]. HbA1c was measured using

the Progen/Alere A1c-test kit (Alere Technologies GmbH,

Jena, Germany) as described previously [1]. A modified ver-

sion of Lindstroem’s FINDRISK questionnaire [10] was

used.

Biometric evaluation
After checking for completeness and plausibility, unli-

kely data were excluded from the statistical analysis.

Missing data were not replaced. Because of missing items

on history and type of diabetes in the 2005 questionnaire,

this year was considered a feasibility period and therefore

excluded from respective analyses.

As the investigation followed an exploratory approach,

only descriptive statistical methods were used for data

analysis. To detect trends during the 10-year observation

period, the results of the campaign were examined year

by year. The level of significance was generally set to

0.05, with α adjustment according to Bonferroni.

The biometric evaluation was performed using the ‘IBM

SPSS Statistics 20’ statistical software (IBM Corporation,

Armonk, New York, USA). Further details on statistics

can be found in [1].

Results
In total, from 45 single campaigns conducted in 25

German cities, 31 085 questionnaires were collected and

consequently 26 522 complete questionnaires were

evaluated (2006–2014). Of these 26 522 participants, the

majority of 21 055 (79.4%) attendants reported no history

nor a previous diagnosis of type 1 or type 2 diabetes

mellitus. The proportion of participants without known

diabetes varied between 73.4% (2011) and 88.0% (2013).

Age
Age was documented in 21 035 participants without a

previous history of diabetes. The majority (40%) of the

individuals were older than 64 years of age, 21.7% were
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between 55 and 64 years of age and 38.4% were younger

than 55 years of age.

Sex
In total, 62.5% of nondiabetic participants were women

and 37.5% were men. This represented a significant

difference between the sexes without any trend

over time.

Diabetes in family history
Almost 40% of the participants without manifest diabetes

reported manifest diabetes in first-degree and/or second-

degree relatives.

BMI
The mean BMI was 26.1 kg/m2 and the median BMI was

25.6 kg/m2. About 16.5% of all nondiabetic participants,

that is, one out of six individuals, were obese, nearly 40%

were overweight and less than half of the individuals

(43.7%) had a BMI in the normal range (Fig. 1).

Compared with the group of patients with diabetes, the

BMI was lower in the nondiabetic group with a markedly

lower rate of obesity (Table 1).

In all the participants, there was no trend towards an

increase in BMI values over time (Fig. 2).

Waist circumference
Waist circumference values were above the critical values

(>102 cm in men and > 88 cm in women) in 44.0% of the

nondiabetic participants. No trend over time could be

detected (Fig. 3).

Lifestyle
Exercise
More than a third (34.9%) of the participants without

diabetes reported a lack of physical activity, meaning that

they did not exercise regularly. However, in this group,

Fig. 1
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43.7% Obese (BMI >30 kg/m²)
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Normal (<25 kg/m²)

Distribution of BMI classes (%) among participants without a history of
diabetes.

Table 1 BMI classes among all participants and those with and
without known diabetes

BMI
(calculated)

All participants
[n (%)]

Nondiabetics
[n (%)]

Type 2 diabetes
[n (%)]

<25 10 130 (39.4) 9037 (43.7) 1093 (21.9)
25–30 10 416 (43.6) 8241 (39.8) 2175 (43.6)
>30 5141 (20.0) 3424 (16.5) 1717 (34.4)

Fig. 2
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over time.

Fig. 3
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Development of waist circumference in participants without diabetes
over time.

Fig. 4
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over time.
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there was a temporal trend towards more physical activity

over the 10 years of the campaign (P< 0.001; Fig. 4).

Nutrition
On average, 20% of nondiabetic participants reported less

favourable nutritional habits, that is, no daily consump-

tion of fruits, vegetables and whole-grain bread. A trend

towards less favourable nutritional habits was found over

the years (P< 0.001; Fig. 5).

BP and concomitant antihypertensive therapy
The mean systolic BP in the nondiabetic group was

141.4 mmHg and the mean diastolic BP was 85.2 mmHg,

with a trend towards slightly lower systolic (P< 0.01) and

higher diastolic (P< 0.001) BP values over the 10 years

(data not shown). Patients with diabetes had a sig-

nificantly higher systolic BP (Table 2).

Antihypertensive treatment was more frequent in the

patients with diabetes (Table 3); however, at least 35% of

those without known diabetes reported previous and/or

current use of antihypertensives. Thus, about one-third

of the nondiabetic participants must have had hyper-

tension as they took antihypertensive medication.

However, systolic BP above 140 mmHg was found in

more than half of the individuals in the nondiabetic

group (51%), whereas among patients with diabetes, this

was even higher (67%) – despite more antihypertensive

medication (Table 3).

Good BP control, as defined by less than 140/

< 90 mmHg, was found in 43% of the nondiabetic indi-

viduals and only 29% of the diabetic patients. As elevated

BP is also one of the important predictors of type 2 dia-

betes, this furthers indicates the higher risk for DM2 in

this nondiabetic population.

FINDRISK questionnaire
According to Lindström et al. [10], the FINDRISK sum

score can take values between 0 (no risk at all) and 23

(considerable risk) (Table 4).

In total, about half of the nondiabetic participants had a

low potential risk, 37% had a slightly increased risk,

14.3% showed a moderately increased risk and only 1.3%

showed a very high risk of potentially developing type 2

diabetes within 10 years.

HbA1c (in a random subgroup)
A total of 4133 HbA1c, measurements were performed in

individuals without previous diabetes, meaning that,

randomly, about 20% of this group had their HbA1c

measured during the campaign.

The median HbA1c value in the group of nondiabetics

was 5.9% and thus significantly lower (P< 0.001) com-

pared with 6.9% in participants with manifest type 2

diabetes (n= 4170). In contrast to patients with type 2

diabetes, no trend towards higher HbA1c values over time

was observed in nondiabetics.

In this subgroup, with randomly measured HbA1c, sur-

prisingly, a considerable proportion of individuals had an

HbA1c of at least 6.5%, which is – according to ADA [12]

– equivalent to the diagnosis of type 2 diabetes, and

another 24% showed an HbA1c between 6.0 and 6.5%,

which indicates a substantial risk (Table 5 and [12]).

Discussion
This study found a very high prevalence of risk factors for

developing type 2 diabetes in a large group of non-

diabetic participants of the campaign ‘Knowing what

Matters in diabetes: Healthier below 7’ (Table 6). In the

last 10 years, 21 055 individuals without a history of type

2 diabetes participated in a risk screening. In this group, a

high proportion had a family history of diabetes, was

overweight or obese and had an unhealthy lifestyle.

Furthermore, hypertension was highly prevalent (and

often uncontrolled); the FINDRISK questionnaire

identified 16% with a substantial 10-year risk of diabetes

and, even more surprisingly, in those in whom HbA1c was

tested, we found that almost 20% of the individuals had

an HbA1c of at least 6.5%, which means that a relevant

proportion (1 out of 5) already had a diagnosed type 2

diabetes (Fig. 6).

Thus, in this nondiabetic group, we found a high pro-

portion of participants with several risk factors for the

development of diabetes (Table 6: almost 40% of the

Fig. 5
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Proportion of nondiabetic participants with and without a healthy/fibre-
rich diet over time.

Table 2 Blood pressure values of participants with or without
diabetes

Nondiabetic participants Type 2 diabetic participants

Blood pressure
(mmHg) Systolic Diastolic Systolic Diastolic

N=25 050 20 287 20 276 4763 4760
Mean 141.4 85.2 149.9 85.8
SD 21.5 11.8 22.2 12.5
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participants reported the presence of diabetes in first-

degree or second-degree relatives, which was a lower

percentage than in the group of patients with manifest

type 2 diabetes mellitus (56%) [1]. Overweight and

obesity were highly prevalent, and yet not as high as in

individuals with known diabetes. The waist cir-

cumference was above the critical values in 44% of the

participants. An unhealthy lifestyle with a lack of physical

activity was reported by 35% of the participants and less

favourable nutritional habits were reported by 20%.

Furthermore, hypertension was highly prevalent in the

nondiabetic population, as indicated by the use of anti-

hypertensives (35%) and the BP; 51% had a systolic BP

more than 140 mmHg.

Furthermore, in the subgroup with HbA1c testing, not

only did 18.5% already have manifest diabetes, another

24.2% had an HbA1c between 6.0 and 6.4%, indicating an

increased risk of diabetes [12]. Hence, these nondiabetic

participants represent a high-risk group (Table 5).

Lifestyle modification needed
As BMI and body fat distribution are established risk

factors for the development of type 2 diabetes, primary

prevention has to target the main causes of overweight

and obesity, mainly unfavourable nutritional habits and

lack of physical activity. Therefore, it is alarming that

among the participants without manifest diabetes, many

more than half of them were overweight or obese and also

nearly half of them had a waist circumference above the

common threshold values that may indicate a metabolic

disorder. As waist circumference is also directly asso-

ciated with the amount of visceral fat, it is also closely

linked to the pathophysiology of diabetes [13].

The risk of developing type 2 diabetes is further

increased by a genetic disposition as about 40% of these

individuals reported the prevalence of diabetes in close

relatives.

As one out of three participants reported a lack of phy-

sical activity and one out of five participants had an

unhealthy diet, lifestyle factors will contribute con-

siderably towards the increasing incidence of diabetes in

Table 3 Concomitant medication and blood pressure in diabetic and nondiabetic participants

All participants [n (%)] Nondiabetic participants [n (%)] Type 2 diabetic participants [n (%)]

Yes No Yes No Yes No

On antihypertensive treatment 11 069 (42.5) 14 996 (57.5) 7393 (35.2) 13 631 (64.8) 3676 (72.9) 1365 (27.1)
Proportion with >140/>90mmHg 7062 (41.1) 10 103 (58.9) 5503 (27.1) 8727 (43.09) 1559 (32.8) 1376 (28.9)

Table 4 Allocation of nondiabetic participants to Findrisk classes

Findrisk sum score
(modified according to
[6]

Potential risk of developing
type 2 diabetes within 10 years

Participants
[n (%)]

<10 Low (1%) 9965 (47.4)
10–14 Slightly elevated (4%) 7795 (37.0)
15–19 Moderately elevated (16%) 3.005 (14.3)
>20 Very high (50%) 281 (1.3)

Table 5 Categories of increased risk for diabetes (prediabetes or
impaired glucose metabolism)

Test Term Mg/dl Mmol/l

Fasting glucosea Impaired fasting
glucose

100–125 5.6–6.9

2 h PG in the 75 g
OGTTa

Impaired glucose
tolerance

140–199 7.8–11.0

HbA1c
a a 5.7–6.5% 39–46mmol/mol

According to ADA [12].
HbA1c, hemoglobin A1c.; OGTT, oral glucose tolerance test; PG, plasma glucose.
aFor all three tests, the risk is continuous, extending below the lower limit of the
range and becoming disproportionately greater at the higher end of the range.

Table 6 Prevalence of risk factors in the nondiabetic population

Types of risk factor Prevalence (%)

Overweight and obesity 56.3
Increased waist circumference 44.0
Hypertension (>140/>90mmHg) 27.1
Systolic blood pressure (>140mmHg) 51.1
On antihypertensive treatment 35.0
Positive family history for DM 40.0
Lack of exercise 34.9
Unfavourable diet 20.0
Moderately or highly elevated FINDRISK sum score 15.6
HbA1c ≥6.5% (newly diagnosed diabetes) 18.5

DM, diabetes mellitus; HbA1c, hemoglobin A1c.

Fig. 6
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Germany within the next few years. Taking into account

the reporting bias, the lifestyle-associated risk in the

general population is certainly much higher than

reported here.

BP control – a lot of room for improvement and a risk
predictor for diabetes
The mean measured systolic BP in the nondiabetic group

was 141mmHg and the mean diastolic BP was 85 mmHg

with a trend towards slightly lower systolic (P< 0.01) and

higher diastolic (P< 0.001) BP values over the 10 years;

35% of the participants were on antihypertensives, but

51% of the individuals in the entire group had systolic BP

above 140 mmHg and altogether a considerable propor-

tion had uncontrolled hypertension (≥140/≥ 90 mmHg).

Increased BP is not only a risk factor for cardiovascular

disease but also another risk factor for the development

of type 2 diabetes. Compared with individuals with dia-

betes, however, the prevalence of hypertension and

uncontrolled BP was lower (Table 3).

Early detection and intervention matters
Numerous publications have clearly shown that preven-

tion programmes aimed at a healthier diet and an

increased physical activity can have a considerable ben-

eficial effect on risk factors and diabetes incidence.

Improvements in body weight, diet and exercise capacity

can easily be achieved with modest efforts [14].

However, more intensive lifestyle interventions and, in

particular, a weight loss of at least 5% maintained over a

longer period of time had a more pronounced effect in

European clinical trials [15,16]. Consequently, such

improvements were associated with a markedly reduced

incidence of diabetes over an observational period of one

to several years [15–18], with lifestyle interventions being

clearly superior to metformin and also improving asso-

ciated cardiovascular risk factors such as hypertension

and dyslipidaemia [17].

A recent systematic review evaluating 53 clinical studies

with 66 intervention programmes in individuals at

increased risk for type 2 diabetes confirmed that the

recommendation of an increase in physical activity

together with a healthier diet decreased body weight and

fasting blood glucose levels, reduced the incidence of

type 2 diabetes (relative risk reduction: 0.59) and

improved other cardiometabolic risk factors [19]. Risk

factor control for diabetes prevention is even important in

early adult life as a 30-year follow-up study in UK showed

that higher BMI at 21 years of age is associated with an

increased diabetes incidence during follow-up, although

not to such an extent as in middle age [20].

Type 2 diabetes mellitus is a disease that is often not

recognized until the presentation of severe complications

such as stroke or myocardial infarction. [21].

As prediabetes and diabetes usually do not present with

clearly noticeable symptoms – early detection requires

other strategies to identify these individuals. Although an

oral glucose tolerance test is still the method used to

identify these patients, it is an invasive procedure, costly

and time-consuming when used on a large scale. Thus,

finding simpler, more pragmatic methods to identify

individuals at high risk of progression to diabetes and

who might benefit from targeted prevention is an

important goal. One way is to use screening ques-

tionnaires such as FINDRISK or to screen for increased

HbA1c. In this group, we found a considerable risk in 16%

of the participants through the FINDRISK. As in the

nondiabetic population, about 20% had their HbA1c

measured (at random), surprisingly, more than 18.5% of

the people who had it measured, showed a HbA1c above

6.5%, which indicates a very high rate of manifest, yet

undiagnosed, diabetes [22,23].

This is in a somewhat higher range than other observa-

tions on the basis of HbA1c measurements in random

samples showing undiagnosed type 2 diabetes in 7.3% in

UK [12] and 9.4–9.7% in the USA [24], the latter figure

being close to the age-adjusted prevalence of 8.2% in

adults in the USA in 2010 [25].

As described earlier [1], conclusions which can be drawn

from the evaluation of the data from the ‘Knowing what

Matters in diabetes: Healthier below 7’ campaign have

some limitations including the nonrepresentative popu-

lation, the restricted information collected with the

modified FINDRISK questionnaire and the random

subsample of HbA1c testing. Nonetheless, the results

based on real-world data shed some more light on the

condition of the general population in Germany who

have not yet been affected by diabetes.

Information campaigns such as ‘Knowing what Matters in

diabetes: Healthier below 7’ are an efficient way to reach

individuals who are apparently healthy, but may have a

potential risk of developing a clinically manifest diabetes

in the near future.

Conclusion
Our findings in Germany confirm that the well-known

risk factors for the development of diabetes, that is,

overweight or obesity, unhealthy nutrition and decreased

physical activity are very common and thus increase the

risk for these apparently healthy individuals of develop-

ing type 2 diabetes within a couple of years. Surprisingly,

a rather large proportion of those who had their HbA1c

measured were diagnosed as diabetic with an HbA1c of at

least 6.5%, indicating a high rate of undiagnosed indivi-

duals with diabetes and another 24% were at an increased

risk for diabetes with an HbA1c (≥6.0 and <6.5%).

We know that prevention through even moderate life-

style modification is effective; this is evidence based.

Therefore, we need to focus more on early detection and
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early intervention. This all starts with providing infor-

mation to the people. Campaigns such as this one,

‘Knowing what Matters in diabetes: Healthier below 7’,

can help to address this issue as they help to increase

disease awareness and prevention.

This not only applies to primary prevention, as in this

subgroup, but also to secondary prevention in individuals

already diagnosed with diabetes. In the long term, broad

success can only be achieved by a sustained and con-

sequent effort including all stakeholders.
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