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Summary

Type 2 diabetes mellitus is a complex, polygenic disease
with a heterogeneous pathophysiology, mainly charac-
terised by obesity-associated insulin resistance and a
progressive failure of pancreatic B-cells. Predominant
risk factors for its development are abdominal obesity
and age; other factors that augment the individual dis-
ease risk independent of obesity are the nutritional pat-
tern (low consumption of fibres, high consumption of
red meat, saturated and trans fat), lifestyle (smoking, low
physical activity), and biomarkers such as blood pres-
sure, HbA1c, serum adiponectin and inflammatory cy-
tokines. These variables can provide the basis for a pre-
cise risk assessment and a personalised prevention.
Genotyping for the presently known gene variants con-
ferring an increased disease risk adds relatively little to
the information provided by the phenotypic risk factors
and biomarkers. However, genetic information is neces-
sary for a personalised risk assessment and intervention
that begins before phenotypic risk factors are detectable.
The incidence of type 2 diabetes can significantly be low-
ered by reduction of the intraabdominal fat mass (by nu-
tritional intervention and exercise), and by pharmacolog-
ical control of post-prandial blood glucose excursions.
Because of the high portion of non-responders to a pre-
ventive intervention, current efforts aim at the identifica-
tion of phenotypic and genetic variables predicting the
success of the intervention.

Introduction

Type 2 diabetes represents the most important secondary
complication of obesity. As a consequence of the obesity epi-
demic in industrialised Western countries, we currently ob-
serve a steady increase in the incidence of the disease [1]. In
Germany, the prevalence of type 2 diabetes is 5-7%, whereas
impaired glucose tolerance (IGT, pre-diabetes) can be detect-
ed in as much as 10-15% [2]. On the basis of these data, it has
been estimated that the prevalence of diabetes will approach
10% in Germany in 2010. Moreover, obesity-associated IGT
and diabetes is now detected in younger adults, adolescents
and even in children that are morbidly obese [3]. Thus, if the
current trend continues, type 2 diabetes and its life-shortening
secondary complications such as atherosclerosis, coronary
heart disease and stroke will constitute a substantial public
health problem. The rise in type 2 diabetes has been anticipat-
ed to reduce the mean life expectancy [4], and projected to
exert detrimental economical consequences for the health
care systems [5, 6].

Considerable efforts have been made in recent years to find
effective preventive measures for a stop or even a reversal of
the increase in type 2 diabetes. Ample evidence has been ac-
cumulated indicating that a reduction of intraabdominal fat
reduces the incidence of the disease [7]. Also, a pharmacologi-
cal intervention with agents that reduce blood glucose levels,
e.g. metformin [8] or the glucosidase inhibitor acarbose [9], re-
duces the incidence of diabetes in cohorts with impaired glu-
cose tolerance. Thus, type 2 diabetes can be considered a
largely preventable disease.

Type 2 diabetes is a complex, polygenic disease with a hetero-
geneous pathophysiology. It is reasonable to assume, there-
fore, that a preventive intervention will yield heterogeneous
results and that an individualised approach to prevention is
preferable. This approach needs guidance by detailed knowl-
edge of the genetic and the pathophysiological basis of the dis-
ease and by an individualised risk assessment. Towards this
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Fig. 1. Pathogenesis
of insulin resistance
and beta cell failure
in type 2 diabetes.

goal, numerous dietary and lifestyle factors have been identi-
fied that modify the risk for type 2 diabetes [10]. These factors
can be used to precisely determine the individual diabetes risk
[11]. This review intends to summarise the current knowledge
as to the pathogenesis of obesity-associated type 2 diabetes, its
risk assessment and its prevention.

Pathogenesis and Risk Factors of Type 2 Diabetes

It is generally accepted that type 2 diabetes is caused by the
combination of insulin resistance and a progressive failure of
pancreatic B-cells [12]. According to a plausible scenario (fig.
1), insulin resistance occurs when adipose cells reach a critical
size and adipose tissue stores become limited. Ectopic triglyc-
erides and fatty acids then produce insulin resistance in liver
and muscle. In addition, a chronic inflammatory state, caused
by immune cell infiltration into adipose tissue in obesity, ap-
pears to contribute to insulin resistance. Ectopic lipids also ap-
pear to affect B-cell function (‘lipotoxicity’), probably in com-
bination with the exposure of cells to high glucose concentra-
tions (‘glucotoxicity’). This pathogenesis unfolds when a poly-
genic susceptibility interacts with exogenous factors such as
nutrition and physical activity. Therefore, type 2 diabetes is the
paradigm of a complex disease which has a genetic basis but is
precipitated by exogenous factors [1].

Obesity

Excess adiposity is considered the most important factor in
the pathogenesis of type 2 diabetes. In all mouse models of
type 2 diabetes, obesity is essential for the development of
hyperglycaemia. In heterogenous outcross populations of the
NZO mouse, there is a ‘dose-response’ relationship between
early body weight and the prevalence of later onsetting dia-
betes [13]. In human type 2 diabetes, the anthropometric para-
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meters body weight, body mass index (BMI) and waist cir-
cumference are major predictors of the individual disease risk
[10, 14, 15]. This risk increase is mainly conferred by the in-
traabdominal and intrahepatic fat depots [16-18], whereas the
subcutaneous fat appears to be indifferent. In mouse models
of diabetes and insulin resistance, enhanced hepatic lipogene-
sis is a key pathophysiological feature [19, 20]. Intrahepatic
triglycerides are believed to cause insulin resistance and are
therefore directly linked with the pathophysiology of diabetes;
even a small reduction significantly lowers the diabetes risk
[21]. In addition, it has been suggested that accumulation of
ectopic lipids in other tissues such as muscle and islets is also
involved in the pathogenesis of diabetes. Thus, intraabdominal
and intrahepatic fat stores might be a marker for the accumu-
lation of triglycerides in -cells that was suggested to produce
islet cell failure (lipotoxicity, see below).

Mechanism of B-Cell Failure: Lipotoxicity and Glucotoxicity

Convincing data have indicated that excess ectopic lipid accu-
mulation is a causal factor in the development of diabetes. In
addition, it has been shown that incorporation of excess
triglycerides in pancreatic islets can trigger apoptosis of B-cells
[22]. When lipids accumulate in non-adipose tissues during
over-nutrition, fatty acids cause the formation of ceramide.
Ceramide is a toxic lipid and probably the cause of lipoapop-
tosis [22]. Alternatively, it has been postulated that elevation
of post-prandial and post-absorptive blood glucose levels
damage the pancreatic B-cell (glucotoxicity). According to this
hypothesis, the B-cell is very sensitive to oxidative damage, or
is sensitized by a low anti-oxidative capacity [23]. It was sug-
gested that elevated blood glucose concentrations lead to for-
mation of reactive oxygen radicals [24] which cause loss of es-
sential transcription factors such as MafA, and an irreversible
cell damage [25]. This hypothesis is supported by numerous
experimental findings: Long-term culture of B-cells in the
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Table 1. Variant genes that were found to be

associated with risk of type 2 diabetes? Gene symbol

Gene function

Identified by

CALPNIO0 calcium-dependent protease positional cloning

TCF7L2 transcription factor in Wnt signalling pathway positional cloning

PPARG transcription factor in adipocyte differentiation  candidate gene approach
KCNJ11 potassium channel regulating insulin secretion candidate gene approach
HHEX transcription factor genome-wide association study
SLC30A8 zn transporter in insulin-secreting -cells genome-wide association study
CDKALI cyclin-dependent kinase associated protein-like 1 genome-wide association study
CDKN?2 cyclin-dependent kinase 2 genome-wide association study
IGF2BP2 insulin-like growth factor binding protein genome-wide association study
FTO nucleic acid demethylase (?) genome-wide association study
UBQLNL ubiquilin 3 genome-wide association study
RALGPS2 Ral GTP exchange factor genome-wide association study
EGR2 early growth response 2 genome-wide association study
WESI calcium homeostasis in ER of B-cells candidate gene approach

a0nly associations that were observed in at least 3 different study populations are listed [38-55].

presence of high glucose concentrations affects their function
[26]. In db/db [27,28] or NZO mice [29], diabetes (defined as
histologically assessed B-cell damage) can be delayed or pre-
vented by feeding a high-protein or high-fat, carbohydrate-
free diet. Thus, carbohydrates are essential for B-cell destruc-
tion in mouse models of diabetes, and lipotoxicity appears to
co-operate with glucotoxicity in this pathogenesis [30].

Role of Adipose Tissue Inflammation and Cytokines

Obesity is associated with a massive infiltration of adipose tis-
sue with immune cells such as macrophages, and it has been
suggested that the pathogenesis of type 2 diabetes has an im-
munological component in that cytokines released from adi-
pose tissue play a causal role in the insulin resistance and -
cell failure [31]. Consequently, serum levels of inflammatory
cytokines or other biomarkers of inflammatory processes such
as IL-6 and C-reactive protein (CRP) are elevated long be-
fore the onset of overt type 2 diabetes [32, 33]. It should be
noted, however, that adipose tissue inflammation was fully dis-
sociated from the development of diabetes under a carbohy-
drate-free diet [29]. Thus, inflammatory cytokines may con-
tribute to the pathogenesis of diabetes, but are not a sufficient
factor.

Diabetes Genes

Obese mouse strains such as the db/db (monogenic deletion of
the leptin receptor) and the NZO strain (polygenic obesity)
develop a type 2 diabetes-like hyperglycaemia that closely re-
sembles the human disease. Their hyperglycaemia is associat-
ed with morbid obesity and insulin resistance, and reflects a
progressive failure of the pancreatic B-cells. These models al-
lowed differentiation of adipogenic and diabetogenic (i.e.
causing hyperglycaemia) alleles [13, 34, 35]; diabetes requires
the presence of both types of predisposing alleles (‘diabesity’).
Consequently, morbid obesity does not produce diabetes in
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the absence of diabetogenic alleles (e.g. in the ob/ob-mouse or
the fa/fa-rat). Lean mouse lines (e.g. NON, SJL or C57KS/J)
may carry diabetogenic alleles; these will become active only
when mice are rendered obese by a single obesity gene (e.g. in
the C57KS/J-db/db strain) or by cross-breeding with a poly-
genic obesity strain such as NZO [13, 34, 35]. More recently,
one of the genes responsible for the diabetogenic effect of the
BTBR background, Sorcsi (encoding sortilin CS1), has been
identified [36].

In humans, the genetic contribution to the pathogenesis of
type 2 diabetes is equally strong: in identical twins, concor-
dance of type 2 is approximately 80% for diabetes and even
96% for impaired glucose tolerance [37]. The genetic contri-
bution is complex, and numerous diabetogenic alleles working
in combination appear required for development of the dis-
ease [38, 39]. Considerable efforts have been made to identify
the genes that cause type 2 diabetes. Table 1 lists a selection of
genes that exhibited an association with an altered diabetes
risk in at least three different study populations. Three differ-
ent strategies were employed to identify the diabetogenic vari-
ants: Firstly, chromosomal segments (quantitative trait loci,
QTL) associated with hyperglycaemia were identified in
genome-wide searches, and positional cloning of the gene re-
sponsible for the effect of a QTL led to identification of dia-
betogenic variants of calcium-dependent protease calpain-10
[40] and the transcription factor TCF7L2 [41]. Subsequent in-
vestigation of the associations in other cohorts and meta-
analysis of the results indicated a robust effect of TCF7L2
(1.5- to 2.5-fold increase in disease risk) that was reproducible
in most, but not all studies [42, 43], whereas the effect of the
diabetogenic haplotype of calpain-10 was inconsistent and on
average only 20% [44].

Secondly, numerous case control studies identified associa-
tions of gene variants by the candidate gene approach (e.g. in
PPARG encoding PPARYProl12Ala and in KCNJI1 encoding

Joost



the potassium channel KIR6.2) with an increased diabetes
risk. Thirdly, microarray-based, genome-wide association stud-
ies identified numerous significant associations of SNPs (sin-
gle nucleotide polymorphisms) with an elevated disease risk
(OR 1.1-1.5) that could be replicated in some, but again not
all, other cohorts [46-55]. The contribution of each variant to
the overall diabetes risk is small, and numerous associations
are therefore not reproducible in other studies. At present, it
is not entirely clear whether some of the identified associa-
tions represent false-positive results or whether their small ef-
fects vary with the populations studied. Furthermore, the func-
tional consequence of these associations is still unclear, and
they should therefore be considered loci rather than diabetes
genes until direct functional evidence is available. In addition,
all so far identified diabetogenic alleles cannot fully explain
the genetic susceptibility of diabetes. Thus, it appears reason-
able to assume that the major part of the genetic susceptibility
has not been elucidated so far. Furthermore, it remains to be
investigated whether the effect of the known susceptibility
genes depends on nutritional or other environmental parame-
ters, as has been demonstrated in mouse models.

Risk Factors for Type 2 Diabetes: Nutrition and
Lifestyle

Numerous experimental studies in mice as well as observa-
tional and intervention studies in humans have investigated
the relation between nutritional and lifestyle variables and the
risk of type 2 diabetes. It should be noted that detection and
analysis of such associations in human cohorts is a difficult
task because of several methodological limitations: Firstly,
monitoring of nutritional behaviour is based on rather impre-
cise information gathered by food frequency questionnaires.
Secondly, cultural differences between study populations in
different countries may give rise to divergent results. Thirdly,
the observed associations identify food groups (such as whole
grain bread or margarine), and can only suggest chemical enti-
ties (fibres or trans fatty acids). Similar and other limitations
(e.g. low compliance) apply to intervention studies. In spite of
these limitations, human cohort studies provided convincing
evidence that nutritional and lifestyle variables are indepen-
dent risk factors of type 2 diabetes.

Fat

The effects of macronutrients on the development of diabetes
nutrients, in particular that of fat and carbohydrates, have
been investigated intensively in rodents and in human studies.
In part, these studies have generated divergent results and
controversial conclusions. In diabetes-susceptible mouse
strains such as NZO, the development of diabetes can be ac-
celerated by a high-fat diet (45% of calories as fat vs. 15% in a
standard diet) [35]. This effect seems to indicate that the -
cell is sensitive to fatty acids and/or incorporated triglycerides
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(lipotoxicity). In humans, in contrast, the majority of studies
showed little or no effect of the total fat consumption on the
diabetes risk that was independent of the body weight. Since
the high-fat diet enhances adiposity and insulin resistance in
NZO mice as well as in most other mouse strains [56], the dia-
betogenic effect of a high-fat diet may well be indirect. Several
cohort studies that analysed the effects of different triglyc-
erides (saturated, unsaturated and trans fatty acids in triglyc-
erides showed a moderate (approximately 30%) increase of
the diabetes risk by saturated and trans fats, and a similar re-
duction in individuals with a higher intake of polyunsaturated
fats [57]. In conclusion, the ratio of triglycerides consumed
(saturated, non-unsaturated, poly-unsaturated and trans-un-
saturated fat) rather than their total amount appears to modu-
late the diabetes risk. In addition, it should be noted that a
much larger range of fat consumption was tested in rodents
(15-60% of total calories) than in humans.

Carbohydrates

Data from prospective cohort studies have indicated that di-
etary carbohydrates — independent from the body weight —
significantly modify the diabetes risk. Consumption of carbo-
hydrates rich in fibres and with a low glycaemic index giving
rise to lower post-prandial blood glucose excursions is associ-
ated with a reduced diabetes risk [57, 58]. Conversely, con-
sumption of carbohydrates with a higher glycaemic index in-
creases the risk. In addition, high consumption of sugar-sweet-
ened soft drinks is associated with higher body weight and an
elevated diabetes risk [59]. However, some of the effects of
carbohydrates were not consistently replicated in other study
populations: In the EPIC-Potsdam cohort, the glycaemic load,
sweets, or sugar-sweetened soft drinks were not among the
factors that significantly modified the diabetes risk (Schulze et
al., unpublished). The most consistent effect of carbohydrate-
containing foods was the association of cereal fibre consump-
tion with a reduced diabetes risk [60]: this association was
replicated in a total of 7 cohorts including EPIC-Potsdam.
Data from mouse models supported the role of dietary carbo-
hydrates in the development of diabetes. Since substitution of
protein [27, 28] or fat [29] for carbohydrates delayed or pre-
vented the diabetes in db/db or NZO mice, respectively, B-cell
destruction in rodent models appears to be dependent on the
dietary carbohydrates. These data are consistent with a sce-
nario in which blood glucose excursions, in particular under
conditions of insulin resistance and a genetically determined
susceptibility of the pancreatic B-cell, play a crucial role in the
pathogenesis of diabetes. Interestingly, the effect of the high-
fat diet on the development of diabetes can be dependent on
certain genotypes. In NZO mice, the effect of a diabetogenic
allele on chromosome 5 (tentatively designated Nobl) was de-
pendent on the fat content of the diet, whereas the effect of a
second QTL (Nidd/SJL) was not [35]. Such data provide proof
of principle for the concept that gene variants may determine
the quality of the response to nutrients. Identification of these
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variants in humans will allow the establishment of genotype-
specific nutritional recommendations with regard to dietary
fat and diabetes risk.

Red Meat

The quality of meat consumed appears to be a major factor
modulating the diabetes risk and might therefore be involved
in its pathogenesis. In prospective cohort studies, a significant
association between the consumption of red meat (pork, beef
and lamb), but not of white meat (poultry) and fish, and the
diabetes risk has been observed consistently [10, 11]. This find-
ing suggests a role of haeme iron in the pathogenesis of dia-
betes. In the absence of data supporting a molecular link be-
tween iron consumption and B-cell function it can only be
speculated that haeme iron catalyses the formation of B-cell-
toxic nitroso compounds.

Alcohol

Moderate alcohol consumption (with the exception of beer)
has consistently been observed to lower the diabetes risk [10].
This effect might reflect the inhibitory effect of alcohol on glu-
coneogenesis and hepatic glucose output which could lead to a
reduction of fasting blood glucose levels. In the case of beer,
the risk-reducing effect of alcohol seems to be outweighed by
its high carbohydrate content [61]. Thus, the effects of alco-
holic beverages appear to support a scenario in which blood
glucose excursions play a major role in the pathogenesis of
B-cell failure.

Dietary Patterns

Based on the assumption that dietary effects on disease risk
are the result of complex interactions between nutrients, at-
tempts have been made to identify nutritional patterns rather
than single nutrients and food components associated with an
increased diabetes risk. Van Damm et al. [62] compared a
‘prudent’ dietary pattern (higher consumption of vegetables,
fruit, fish, poultry and whole grains) with a ‘western’ pattern
(higher consumption of red meat, processed meat, French
fries, high-fat dairy products, refined grains), and found that
the latter was associated with an increased risk (OR 1.6).
More recently, a new statistical method, reduced rank regres-
sion (RRR), which is similar to the classic principal compo-
nent analysis but more flexible and powerful, was used to
identify dietary patterns associated with diabetes risk [61, 63].
In incident diabetics of the EPIC-Potsdam cohort, dietary pat-
terns were extracted from 49 food groups that explain as much
as possible of the response variation of the biomarkers
HbAlc, HDL cholesterol, CRP and adiponectin. Thereby, a
nutritional pattern was identified consisting of a high con-
sumption of fruits as well as a low consumption of meat, beer,
soft drinks and white bread, which was associated with an ap-
proximately 80% reduction of the diabetes risk [61]. A similar
risk-reducing nutritional pattern was identified with different
methodology in a Finnish cohort [64].
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Lifestyle: Physical Activity

In addition to genetics, anthropometric and nutritional para-
meters, physical activity is a major factor determining the dia-
betes risk [65]. Prospective cohort studies indicated that physi-
cal activity was significantly lower in diabetics before the onset
of their disease than in healthy controls. Men who watched TV
for more than 40 h per week had an approximately 3-fold high-
er diabetes risk than those who spent less than 1 h per week
watching TV [66]. Furthermore, a protective effect of exercise
as part of a weight reduction program including diet was ob-
served in an intervention study [7]. Since the intervention re-
sulted in a minor weight reduction (approximately 4 kg) but a
substantial (60%) reduction of the diabetes risk, the authors
suggested that exercise exerted an effect that was independent
of the weight reduction. Indeed, after correction for its effect
on waist circumference, exercise caused a small but significant
reduction of the diabetes risk in the EPIC-Potsdam cohort.
This effect may be due to an increased insulin sensitivity of
muscle in response to exercise [67].

Lifestyle: Smoking

The majority of epidemiological studies testing the effect of
smoking have detected a moderate increase of the diabetes
risk that was reversed after cessation of smoking [10, 11]. It is
of note that the beneficial effect of smoking cessation appar-
ently outweighs its adverse effect on weight gain. The patho-
physiological mechanism of the effect of smoking is unclear.
Nicotine stimulates sympathetic nervous activity and may
therefore stimulate transient elevations of blood glucose; such
an effect would be consistent with the concept that blood sugar
excursions play a major role in the pathophysiology of the dis-
ease. Indeed, it has previously been shown in a large cohort
that smoking is associated with elevated HbAlc levels [68].

Determination of the Risk of Type 2 Diabetes

The above described risk factors can be used to establish risk
scores that can identify individuals at high risk to develop type
2 diabetes, and guide a personalised primary prevention by
diet, lifestyle intervention or medication (see below). In addi-
tion, such risk scores can be used to compare and match study
arms in clinical trials, to assess the efficacy of preventive pro-
grams, and to guide decisions as to the intensity of the inter-
vention (lifestyle, pharmacological, surgical intervention).
Thus, the precise determination of the diabetes risk is an
important tool to reduce diabetes-related morbidity and
mortality.

Several requirements for the establishment of a precise dia-
betes risk score have to be met. Firstly, score values have to be
derived from data of incident cases in population-based,
prospective cohorts. Secondly, score values assigned to each
variable have to be based on a mathematical model, such as
the multivariate Cox regression model, allowing determina-
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Table 2. Risk factors for the development of

type 2 diabetes as identified in the EPIC Risk factor

Relative risk (95% CI) p-value Score points

Potsdam cohort?

Waist circumference, cm

Height,cm
Age, years

Hypertension (self report)

Intake of red meat (each 150 g/day)

Intake of whole grain bread (each 50 g/day)
Consumption of coffee (each 150 g/day)
Alcohol consumption (between 10 and 40 g/day)
Sports, biking, gardening, h/week

Former smoker

Current heavy smoker (>20 cigarettes/day)

1.076 (1.071-1.082)  <0.0001 7.4
0.976 (0.967-0.984)  <0.0001 -2.4
1.044 (1.035-1.053)  <0.0001 4.3
1.587 (1.375-1.831)  <0.0001 46
1.639 (1.228-2.187) 0.0008 49
0.918 (0.855-0.986) 00193 -9
0.958 (0.926-0.991) 00142 4
0.821 (0.705-0.954) 0.0104 20
0.984 (0.973-0.995) 0.0060 -2
1.267 (1.094-1.469) 0.0016 24
1.901 (1.470-2.458)  <0.0001 64

3A multivariable Cox regression model was used to determine the independent contributions of

each variable [11].

tion of the independent contribution of each risk factor. Third-
ly, the resulting score has to be validated in a similar, prospec-
tive study population. Finally, the score should be based on
variables that can easily be determined, and should provide
both high sensitivity and specificity.

Risk Scores Based on Conventional Risk Factors

Diabetes risk scores have been developed on the basis of data
from the San Antonio Heart Study [69], the Finrisk Studies
[70], the Japanese American Community Diabetes Study [71],
the Atherosclerosis Risk in Communities Study (ARIC) [72],
the Rancho Bernardo Study [73] and a population-based sur-
vey in Umea, Sweden [74]. These scores meet the above de-
scribed requirements partially: Only the Finrisk Studies and
the ARIC Study exclusively rely on factors to be measured
with non-invasive methods, and are therefore inexpensive and
applicable outside of clinical practice. The ARIC risk score
showed relatively low validity in the testing sample [72].
Furthermore, the Finrisk score has recently been tested in the
German Cooperative Health Research in the Region of Augs-
burg (KORA) Survey 2000 and yielded a low validity to iden-
tify undiagnosed cases of diabetes [75], indicating that risk as-
sessments may not necessarily be representative for different
countries.

The German Diabetes Risk Score

Thus, a risk score based on data from the EPIC-Potsdam co-
hort has been recently been developed (table 2) and validated
in a second German cohort in order to meet all requirements
[11]. The score has a broad data basis derived from the popu-
lation-based, prospective EPIC-Potsdam cohort of 25,167 in-
dividuals with 849 incident cases of type 2 diabetes, and yield-
ed essentially identical results in a second prospective Ger-
man cohort of similar size (EPIC-Heidelberg; 23,398 partici-
pants, 658 cases). High score values predict future cases of
diabetes [11] as well as an unfavourable profile of biomarkers
(see below) and can therefore be used to detect pre-diabetes
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[76]. The score includes all risk factors that reached statistical
significance in the cohort (table 2): age, waist circumference,
hypertension, nutritional variables such as consumption of red
meat, whole grain bread, coffee and alcohol, physical activity
and smoking status. Because of its broad data basis, the Ger-
man Diabetes Risk Score allows a quantitative assessment of
the contribution of each individual risk factor. It is available as
an online web tool (www.dife.de) as well as a questionnaire.

Biomarkers and Genotypes

Several serum factors have been identified that may indicate
an increased risk of diabetes years before the onset of the dis-
ease. Small increases of fasting blood glucose [77] or glycosy-
lated haemoglobin (HbAlc) [78] have been found to be asso-
ciated with an increased risk to develop overt diabetes. Type 2
diabetes is preceded by a pre-diabetic period in which glucose
tolerance is impaired (IGT). Fasting blood glucose is still nor-
mal, but increased post-prandial blood glucose excursions are
responsible for a small increase in HbAlc levels. There is a
probability of 15-20% that IGT is converted to fasting hyper-
glycaemia within the next year. In addition to HbAlc, it has
been shown that a moderate elevation of fasting blood glu-
cose levels predicts an increased risk to develop diabetes with-
in a period of 6 years [79].

Serum parameters reflecting insulin resistance such a charac-
teristic alterations of the lipoprotein profile (low HDL choles-
terol, elevated triglycerides), markers of hepatosteatosis (e.g.
v-glutamyltransferase) [80], markers of an inflammatory re-
sponse such as hs-CRP [61] or elevated levels of cytokines
[81], and reduced levels of adiponectin [82, 83] are associated
with an increased diabetes risk. So far, none of these serum
factors have been included in a weighted risk assessment.
Thus, it appears possible that the precision of the currently
available risk scores can be enhanced further by inclusion of
biomarkers.

Numerous gene variants associated with an elevated diabetes
risk have so far been identified by positional cloning, case con-
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trol studies of candidates, or in genome-wide association stud-
ies (see above). When assessed in more than one study popu-
lation, the contribution of each variant to the overall diabetes
risk was usually small (10-40% risk increase) and sometimes
not reproducible in other studies. Thus, assessment of the
diabetes risk with genotypes of several gene variants yields an
only 3- to 4-fold increase in the diabetes risk. This is disap-
pointingly low compared with the predictive value of pheno-
typic parameters such as the weight circumference. Further-
more, the genotypes do not increase the precision of a risk as-
sessment based on phenotypic variables (Schulze et al., un-
published). Thus, routine genotyping for assessment of the
diabetes risk cannot be recommended at present. It may, how-
ever, once the full genetic contribution has been elucidated,
allow an earlier assessment of a person’s risk than the pheno-
typic variables and biomarkers.

Prevention of Type 2 Diabetes

Convincing evidence indicates that type 2 diabetes is a pre-
ventable disease. Randomised clinical trials indicated that
weight reduction either by a diet and exercise [7], drug therapy
[84] or bariatric surgery [85] significantly reduces the conver-
sion of impaired glucose tolerance to overt type 2 diabetes. Fur-
thermore, blood glucose control by oral antidiabetics [8, 9] is
similarly effective. In view of the life-shortening and costly sec-
ondary complications of the disease, it appears mandatory to
intervene as early and as effectively as possible. However, the
majority of individuals at risk do not satisfactorily respond to a
lifestyle intervention. Thus, intensified intervention such as drug
therapy or bariatric surgery may be indicated, provided that the
benefit of the intervention outweighs potential negative effects.
At present, there are no guidelines as to a pharmacological
therapy to reduce the diabetes risk [86]. Also, the decision as to
the surgical therapy of obesity (gastric banding, gastric bypass)
is currently based on the severity of the obesity rather than on
the risk of secondary complications. Thus, assessment of the
individual diabetes risk could provide a rational basis for any
decision as to intervene by drug or surgical therapy.

Weight control aiming at a reduction of intraabdominal fat
mass is the most efficient intervention to reduce the diabetes
risk. In addition, several other variables such as physical activ-
ity, food choice (both independent of the waist circumference)
and smoking have been observed to be associated with the di-
abetes risk. It should be noted that these associations are
based on very solid evidence from prospective studies, but
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