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■ Abstract

crease was observed in the second half of the 10-year followup when age became significant. Multiple logistic regression
analysis revealed that age (OR = 1.14, 95%CI: 1.09-1.19), abnormal waist-to-height ratio (OR = 3.27, 95%CI: 1.07-10.0),
fasting blood glucose (OR per 1 mg/dl = 0.05, 95%CI: 1.021.08), energy intake (OR per 500 kcal = 1.02, 95%CI: 1.011.35), and family history of diabetes (OR = 2.8, 95%CI: 1.306.03) were the most significant baseline predictors for diabetes, after adjusting for potential confounders. Waist-to-height
ratio showed the best explanatory power of all anthropometric variables. Physical activity exerts an effect on risk factors.
Being active was found to eliminate the aggravating effect of
diabetes family history and fasting blood glucose. CONCLUSIONS: The findings confirm the escalating increase of
type 2 diabetes incidence in Greece, which is in line with
global trends. A lifestyle change in individuals at risk of developing diabetes towards healthier eating and increased
physical activity would be an effective and inexpensive
means of reducing diabetes.

BACKGROUND: The incidence of diabetes in the general
population is increasing world-wide. The increase is attributed to the consumption of saturated fatty acids, obesity,
lack of physical activity, genetic predisposition, and other
factors, but knowledge about the reasons, biological mechanisms, and late complications is insufficient. It is therefore
important to clarify the reasons more exactly through longterm clinical trials to stop the rise of diabetes and its complications. AIM: To evaluate the 10-year incidence of type 2
diabetes in apparently healthy Greek adults. METHODS: In
2001-2002, a random sample of 1514 men (18-87 years old)
and 1528 women (18-89 years old) was selected to participate in the ATTICA study. During 2011-2012, the 10-year follow-up was performed. Patients diagnosed with diabetes at
baseline (n = 210) and those lost at the 10-year follow-up (n =
1347) were excluded, yielding a final sample of 1485 participants. RESULTS: During the period of investigation, diabetes was diagnosed in 191 cases corresponding to a 12.9% incidence (95%CI: 10.4-15.4), with 13.4% (95%CI: 10.8-16) in
men and 12.4% (95%CI: 10.1-14.7) in women. A relative in-
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than doubled, particularly in America, Africa, and
Western Europe [1], and is expected to almost
quadruple within the next 20 years, i.e., before
2030, amounting to 552 million cases [2]. This
prospect is alarming, given that diabetes is a wellestablished risk factor for the development of micro- and macrovascular complications; it increases

1. Introduction
espite ongoing advances in treatment and
management of diabetes and its complications, the disease is developing into a constantly advancing epidemic. Since 1980, the number of patients with diabetes worldwide has more
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the risk of coronary artery disease, neuropathy,
nephropathy, eye disease, and others [3].
The exponential growth of diabetes is accompanied by a serious financial burden. The joint
statement of the European Society of Cardiology
(ESC) and the European Association for the Study
of Diabetes (EASD) has underlined that the
healthcare expenditure for diabetes in Europe is
expected to increase from 75 billion euro in 2011 to
90 billion in 2030 [4], or 123 euro/person, based on
the population of Europe in 2011 [5]. Since no
curative treatment exists, primary prevention
should be the cornerstone of the global response to
the disease. Lifestyle interventions, including nutrition therapy, regular exercise, and cessation of
smoking and alcohol, have been found to exert a
significantly beneficial effect on diabetes onset [68]. Multifactorial treatment combining lifestyle
with medication has been proven beneficial [9].
Since diabetes has a “metabolic memory”, which
can extend the beneficial effect of therapy over
many years, early prevention and effective intervention are of utmost importance [10]. As a result,
quantifying the extent of type 2 diabetes is fundamental for managing patients in health service delivery systems. Unfortunately, long-term investigations of diabetes incidence are rare in the literature, especially in Mediterranean populations.
Greece experienced the lowest rates of cardiovascular disease (CVD) and diabetes in the 1960s and
1970s. Researchers from the Salamis Study found
that the self-reported prevalence of diabetes was
8.7% in 2002 [11] and 10.3% in 2006 [12].
The most recent study to provide incidence data
about diabetes was the ATTICA study [13]. Specifically, the prevalence of type 2 diabetes in 20012012 was calculated as 7.6% in men and 5.9% in
women [14], while the age-adjusted 5-year inci-
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dence (2006) of diabetes was found to be 5.5%
(men: 5.8%; women: 5.2%) [15]. These results are
in line with the alarming incidence rates of diabetes worldwide. However, many findings are limited
in statistical power because of the small number of
incident cases studied, or the lack of representative samples; therefore accurate estimates of the
determinants of diabetes could not be made. In the
present work, the 10-year diabetes incidence
(2002-2012) and the impact of several clinical, biological, and lifestyle factors relevant for diabetes
development were examined within the context of
the ATTICA study.

2. Methods
2.1 Baseline sampling (2001-2002)
The ATTICA epidemiological study [13] is a
large prospective study carried out during 20012002 in the Athens metropolitan area including
78% urban and 22% rural subjects. Baseline random sampling suggested that it would be enough
to enroll only one participant per household. The
sampling process was multistage, based on age (5
strata), sex (2 strata), and distribution of the
catchment area (i.e., 27 strata, census of 2001) in
order to be as representative as possible.
People with cardiovascular disease or chronic
viral infections or those living in institutions were
not eligible. Exclusion of CVD at baseline was ensured with a detailed clinical evaluation, following
standard criteria. From the 4056 inhabitants, randomly invited to participate, 3042 were finally enrolled in the study (75% participation rate); 1514
were men (46 ± 13 years) and 1528 were women
(45 ± 13 years). All participants were interviewed
by trained personnel (i.e., cardiologists, general
practitioners, dietitians, and nurses) who used a
standard questionnaire. Further details about the
aims, design, and methods applied in the ATTICA
study can be found elsewhere in the literature [13].

2.2 Baseline measurements
The baseline evaluation included the following
information:
- Socio-demographic characteristics (age, sex,
and years of school).
- Personal history of hypertension, hypercholesterolemia and diabetes.
- Family history of CVD, dietary, and other
lifestyle habits (i.e., smoking and physical
activity status).
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Table 1. Ten-year diabetes incidence in ATTICA study participants by gender and age group
Age-group
Cases
<35
35-44
45-54
55-64
65-74
≥75
Total

5
43
66
49
21
7
191

Total
All
326
404
393
226
112
24
1485

IR (%)
1.5
10.6
16.8
21.7
18.8
29.2
12.9

Cases

Men
All

IR (%)

1
22
38
25
7
4
97

144
198
220
103
49
12
726

0.7
11.1
17.3
24.3
14.3
33.3
13.4

Cases
4
21
28
24
14
3
94

Women
All
182
206
173
123
63
12
759

MWR
IR (%)
2.2
10.2
16.2
19.5
22.2
25.0
12.4

0.32
1.09
1.24
0.64
1.33
1.08

Legend: Diabetes incience among participants <35 and ≥75 years old was low, so the calculated incidence in these groups
should be carefully interpreted. Abbreviations: IR – incidence rate, MWR – men-to-women rate.

Smokers were defined as persons who smoked
at least one cigarette per day or had quitted within
the previous year; the rest were defined as nonsmokers. The International Physical Activity
Questionnaire (IPAQ [16]) was used as an index of
the weekly energy expenditure status which included frequency (times per week), duration (in
minutes per time), and intensity of sports or other
habits related to physical activity (in expended
calories per time). Participants were classified into
two groups:
1. Sedentary lifestyle.
2. At least moderately active during a substantial part of the day.
Body mass index (BMI) was calculated as
weight (in kg) divided by standing height (in
square meters). Dietary information was extracted
from a validated semi-quantitative food-frequency
questionnaire [17]. The participants were asked to
report their average intake of several foods and
liquids consumed during the previous 12 months.
Energy intake, in kcal/day, was calculated based
on the participants’ responses in this questionnaire.
Blood samples were collected from the antecubital vein between 8 and 10 am, in a sitting position after 12 hours of fasting and alcohol abstinence. Diagnosis of type 2 diabetes was based on
the criteria of the American Diabetes Association
(ADA) [18], i.e., participants who had fasting blood
glucose >125 mg/dl during the examination or who
reported the use of antidiabetic medication were
defined as having diabetes. Blood glucose levels
(mg/dl) were measured with a Beckman Glucose
Analyzer (Beckman Instruments, Fullerton, CA,
USA). Serum insulin concentrations were assayed
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by radioimmunoassay (RIA100, Pharmacia Co.,
Erlangen, Germany).
Obesity was defined as BMI > 29.9 kg/m2, according to WHO criteria [19]. Waist and hip circumferences were measured (in cm), and waist-tohip (WH) and waist-to-height (WHt) ratios were
calculated. Abnormal WH ratio was considered to
be >0.8 for women and >1 for men; abnormal WHt
ratio was >0.5 for both sexes. Regarding other
clinical characteristics, arterial blood pressure (3
recordings) was measured at the end of the physical examination, with the subjects in the sitting
position after having rested for at least 30 minutes. Participants whose average blood pressure
levels were ≥140/90 mmHg or those who were under antihypertensive medication were classified as
being hypertensive. Hypercholesterolemia was defined as total cholesterol >200 mg/dl or by the use
of lipid-lowering agents. The intra- and inter-assay
coefficients of variation for cholesterol levels did
not exceed 9%. The metabolic syndrome was defined according to NCEP-ATP III criteria [20].

2.3 Follow-up evaluation (2011-2012)
During 2011-2012, a 10-year follow-up was performed. Of the 3042 participants, 2583 completed
the follow-up (85% participation rate). Participants
were initially reached through telephone calls. Afterwards, face-to-face interviews were performed.
In 35% of the participants, data were retrieved
only through telephone calls. The study investigators performed a detailed evaluation of the participants’ medical status using standardized procedures.
Among other endpoints, the re-examination included information about the development and
management of diabetes during the 10-year period.

Rev Diabet Stud (2014) 11:181-189

184

The Review of DIABETIC STUDIES
Vol. 11 ⋅ No. 2 ⋅ 2014

Koloverou et al.

evaluate the differences in the distributions of the skewed variables.
Continuous variables were tested for
Period
Gender New cases
All
Incidence (%)
normality through P-P plots. Since the
2002 (baseline)
210 *
3042
exact time to event (i.e., development of
All
100
1806
5.5
2002-2007 (baseline to
diabetes) was not known, the relative
1st follow up)
Men
51
880
5.8
risk of developing the disease during the
Women
49
926
5.3
10-year follow-up period was estimated
2007-2012 (1st to 2nd
All
91
1385
6.6
using odds ratio (OR) and the correspondfollow up)
Men
46
675
6.8
ing 95% confidence interval (CI) by stepWomen
45
710
6.3
wise multiple logistic regression analysis.
2002-2012 (baseline to
All
191
1485
12.9
2nd follow up)
Men
97
726
13.4
Interactions between gender and other
Women
94
759
12.4
covariates were tested in all steps, and
when significant, they remained in the
Legend: * n = 210 people with diabetes at baseline were excluded from the
final model. The Hosmer-Lemeshow test
analysis.
was applied to evaluate the model’s goodness-of-fit. The -2 log-likelihood ratio of
the initial vs. final model was also calcuDiagnosis of diabetes was based on ADA criteria,
lated to evaluate the model’s performance (the
as performed in the baseline examination. Particilower the better).
pants who did not provide biological samAll known confounders were included in the
ples―those who were reached only by telemodels, after testing for colinearity. The SPSS verphone―were asked whether they had been diagsion 18 (Statistical Package for Social Sciences,
nosed by a physician. Patients diagnosed with diaSPSS Inc, Chicago, IL, U.S.A.) software was used
betes at baseline (n = 210) and those with no data
for all statistical calculations.
of diabetes status at the 10-year follow-up (n =
1347 cases) were excluded from the analysis. Thus,
3. Results
the working sample consisted of 1485 participants
who were free of diabetes at baseline and who de3.1 Diabetes incidence
veloped diabetes during the 10-year follow-up peDuring the period of investigation, diabetes was
riod. This sample was sufficient to achieve 92%
diagnosed in 191 cases corresponding to a 12.9%
statistical power and to evaluate a relative risk of
incidence (95% CI: 10.4-15.4), or 129 per 1000 free
0.70 between the null hypothesis and the alternaof diabetes participants at baseline, with 13.4%
tive two-sided hypothesis with a significance level
(95% CI: 10.8-16) in men and 12.4% (95% CI: 10.1(alpha) of 0.05, when the exposure variable was
14.7) in women. It could be speculated (assuming
increased by 1 unit.
a constant annual increment) that the annual incidence was 1.29% overall, or 1.34% and 1.24% for
2.4 Statistical analysis
men and women, respectively. Stratified by age
group, the analysis revealed that the incidence of
The incidence of diabetes (and corresponding
diabetes was the lowest (1.5%) in people under 35
95% CI) was calculated as the ratio of new cases
years of age, but has risen to 29.2% for particiamong the 1485 participants, who were free of
pants over 74 years of age. The men-to-women indiabetes at baseline, and who participated in the
cidence was approximately 1-to-1 in almost all age
follow-up. Continuous variables are presented as
groups. However, women under 35 years and bemean values ± standard deviation and categorical
tween 65-74 years were 3.18-times and 1.55-times
variables as frequencies. Associations between
more likely to develop diabetes compared to men of
categorical variables were tested using the chithe same age group. Conversely, among particisquare test. Comparisons of mean values of norpants >74 years old, men were 1.33-times more
mally distributed variables between those who delikely to develop the disease than women (Table
veloped diabetes and the rest of the participants
1).
were performed using Student’s t-test, after conDiabetes incidence during the second mid-term
trolling for equality of variances using Levene’s
of the 10-year follow-up of the ATTICA study (i.e.,
test. For continuous variables which were not
2007-2012) showed a relative increase. After exnormally distributed (i.e., years of school), the
cluding 100 diabetes cases before 2007, the reMann-Whitney non-parametric test was applied to
Table 2. Progression of diabetes incidence during the preceding 10-year
period of the ATTICA study (baseline, 2007, and 2012 follow-up)
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maining 91 new cases were used
Table 3. Baseline characteristics of the ATTICA study participants according to 10to calculate the preceding 5-year
year diabetes incidence (n = 1485)
incidence over the 1385 particiCharacteristic
Status at 10-year follow-up
p
pants. A relative increase beNo
diabetes
Diabetes
tween the two periods was ob(n = 1294)
(n = 191)
served overall, i.e., from 5.5%
Age (yr)
44 ± 13
53 ± 11
< 0. 001
(2002-2007) to 6.6% (2007-2012),
and by gender, i.e., from 5.8% to
Men (n, %)
629 (49)
97 (51)
NS
6.8% for men and from 5.3% to
Education (yr of school)
13 ± 3.4
14 ± 3.4 < 0. 001
6.3% for women (Table 2). HowSmoker (n, %)
702 (54)
100 (52)
NS
ever, when age was included in
<
0. 001
Family history of diabetes (n, %)
230 (20)
61 (36)
the analysis, the difference in
<
0. 001
MetS (n, %)
152 (12)
58 (30)
incidence rates between the two
Physically active (n, %)
552 (13)
73 (38)
NS
time periods was not significant
< 0. 001
FG
(mg/dl)
88
±
12
95
±
14
for both sexes (p > 0.05).
< 0. 001
Fasting insulin (µU/ml)
13 ± 3.4
10.6 ± 6
The distribution of the baseEnergy
intake
(kcal/day)
2335
±
91
7
2616
±
10
95
NS
line demographic, lifestyle, and
<
0. 001
clinical parameters of ATTICA
Hypertension (n, %)
333 (27)
(82) 46
study participants, based on
< 0. 001
Hypercholesterolemia (n %)
475 (37)
106 (56)
2
their diabetes status at the 10< 0. 001
BMI (kg/m )
26 ± 4
29 ± 5
year follow-up, is presented in
< 0. 001
Waist circumference (cm)
88 ± 14
98 ± 16
Table 3. Non-adjusted analysis
< 0. 001
Abnormal WH ratio (n, %)*
375 (34)
94 (59)
revealed that individuals who
< 0. 001
Abnormal WHt ratio, >0.5 (n, %)
661 (60)
139 (86)
developed diabetes were apAbnormal waist (n, %)
proximately 10 years older, had
< 0. 001
>102 cm for men and 88 for women
303 (27)
92 (57)
higher fasting glucose (but lower
< 0. 001
>94
cm
for
men
and
80
for
women
598
(54)
129
(80)
fasting insulin levels), and were
more likely to be hypertensive,
Legend: Data are mean ± SD or number (n) and percentage. * >0.8 for women and 1
hypercholesterolemic, and prefor men.
disposed to diabetes. With regards to anthropometric characteristics, patients with diabetes
bolic syndrome, hypercholesterolemia status, BMI,
had higher BMI and waist circumference, and
abnormal waist-to-hip and waist-to-height ratios,
were more likely to have abnormal waist circumand energy intake (all p-values > 0.05).
ference, using 102/88 cm and 94/80 cm as cut-off
values for men and women, respectively. Those
who developed diabetes also had abnormal WH
3.2 Determinants of 10-year diabetes risk
and WHt ratios. As expected, metabolic syndrome
All the aforementioned comparisons are prone
occurred more often in this group. However, smokto confounders. Therefore, a multi-adjusted analying status, years of education, energy intake, and
sis was performed. The most predictive variables
physical activity did not differ significantly befor 10-year diabetes incidence included age, family
tween the two groups.
history of diabetes, abnormal WHt ratio, energy
Significant differences in baseline characterisintake, and fasting glucose levels (Table 4). Spetics were observed between individuals for whom
cifically, a difference in baseline age of 1 year, and
information on 10-year diabetes status was availin fasting glucose of 1 mg/dl, were associated with
able (n = 1485) and those for whom it was not (n =
a 14%, and almost 5%, higher risk of developing
1347). The differences related to hypertension
diabetes within a decade, whereas increasing daily
status (30% vs. 26%, p = 0.036), smoking habits
energy intake by 500 Kcal was found to increase
(58% vs. 54%, p = 0.028), abnormal waist circumthe risk by 2%. However, the highest risk of develference (50% vs. 54%, p = 0.027), fasting glucose
oping diabetes was observed among participants
levels (88 ± 12 vs. 80 ± 13 mg/dl, p = 0.005), and
with a family history of diabetes or abnormal WHt
fasting insulin levels (12 ± 3.0, 13 ± 3.4 µU/ml, p =
ratio. The latter factors were associated with a
0.014). No differences were observed regarding the
2.79-fold and 3.27-fold increase in diabetes incidistribution of gender, years of education, family
dence. Physical activity was found not to predict
history of diabetes, physical activity status, meta-
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Table 4. Results from multiple logistic regression performed to evaluate
various baseline characteristics in relation to the 10-year incidence of
diabetes among ATTICA study participants (n = 1485)
Baseline characteristics

Odds ratio

95% CI

Age (per 1 year)

1.14

1.09, 1.19

Men vs. women

1.12

0.51, 2.46

Years of school (per 1 yr)

1.04

0.94, 1.16

Smokers vs. non-smokers

0.97

0.47, 2.0

Family history of diabetes (y/n)

2.79

1.30, 6.03

Energy intake (per 500 kcal)

1.02

1.01, 1.35

Physically active vs. inactive

0.51

0.24, 1.10

Abnormal WHt ratio (>0.5)

3.27

1.07, 10.0

Fasting blood glucose (per 1 mg/dl)

1.05

1.02, 1.08

Hypercholesterolemia (y/n)

1.05

0.51, 2.19

Hypertension (y/n)

0.96

0.46, 2.00

Koloverou et al.

were independent of gender, years of
education, physical activity, smoking
habits, and history of hypercholesterolemia and hypertension.
Finally, even though physical activity
was found not to play a significant role in
diabetes incidence, stratified analysis revealed a moderating effect (p for interaction <0.05). Specifically, being active was
found to eliminate the previously observed aggravating effect of diabetes family history and fasting blood glucose levels. In the active group, the only significant risk factor apart from age was the
abnormal WHt ratio, which increased
diabetes risk by the factor 10.1.

4. Discussion

diabetes development regarding either intensity
levels (low, moderate, vigorous) or type (aerobic,
resistance, combo) (ps > 0.05, results not shown).
All anthropometric variables determining visceral obesity, including waist circumference (in
cm), abnormal waist circumference (using both
cut-off values of >94/80 and >102/88), and abnormal WH ratio, were entered separately into the
models. They were all positively correlated with
diabetes risk at a significant level (results not
shown). Abnormal WHt ratio was maintained in
the final model as it showed the best explanatory
power compared to the other variables; it had a
better goodness of fit of the estimated models,
which also included gender, years of school, physical activity, smoking, hypercholesterolemia and
hypertension status, and the lowest -2loglikelihood value.
BMI was also a significant predictor of diabetes
(OR = 1.11, 95%CI: 1.01-1.22). However, it was
removed from the final model because it was correlated with WHt ratio (r = -0.42, p < 0.05) and induced undesirable colinearity. BMI and WHt ratio
showed similar goodness-of-fit and -2log-likelihhod
values (223.6 and 224.1, respectively) when included in the model alone. However, the final decision to maintain WHt ratio was made because of
its ability to represent more clearly abdominal
obesity, which plays a crucial role in diabetes development. No difference in the predictive power of
anthropometric measurements was observed between genders (p for interaction of all anthropometric variables with gender was >0.05 in the ageadjusted model). All aforementioned relationships

Rev Diabet Stud (2014) 11:181-189

We studied the long-term incidence of
diabetes in Greece based on prospective
data from the ATTICA study. It showed that 129
new cases of diabetes per 1000 people were diagnosed during the ten years’ observation period
(2002-2012), with almost equal representation of
both genders (13.4% for men and 12.4% for
women). Given that the entire Greek population
amounts to 10.8 million in 2011 [21], an estimate
of 1.5 million new cases within the past 10 years
means a serious rise in diabetes incidence. This
alarming trend is in accordance with diabetes incidence rates worldwide; for example, 14% in Mexico (18-year follow up) [22], 10.3% in Iran (9-year
follow up) [23], and 19.7% (including type 1 diabetes) in Spain (13-year follow-up) [24].
The trend towards rising incidence rates is also
reflected by the higher rate in the second five-year
follow-up period, compared with the first one.
Since screening for diabetes is not carried out systematically, but remains a matter of people’s voluntary decision, the increase is a true increase in
number, and is not due to improved screening procedures. In this regard, the financial impact of the
epidemic spread of the disease becomes more critical and deserves particular consideration. Based
on the accelerating increase in diabetes incidence
and improved type 2 diabetes prognosis [25], it becomes clear that the health care cost for diabetes
management per person will escalate continuously, which represents a current global trend [2].
Diabetes development results from a continuous interplay between genes and environmental/behavioral factors [26]. In this study, the
observed increase in diabetes incidence was
mainly a result of population aging, abnormal
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WHt ratio, elevated fasting glucose level, and family history of diabetes. Among all anthropometric
variables, WHt ratio, along with BMI, was found
to have the best explanatory power of diabetes risk
prediction, with a 3.27- and 1.11-times increased
risk per unit, respectively. While BMI is already
well known as a risk factor for diabetes [27], WHt
ratio is relatively new. One of the suggested advantages in choosing WHt ratio instead of BMI is
the ability to use one single cut-off point (0.5), irrespectively of age, sex, or ethnicity [28], resulting in
an immediate and simple message, namely to
“keep the waist circumference to less than half the
height”. A recent meta-analysis of epidemiological
studies found that the WHt ratio represents a superior diagnostic tool in detecting subjects with
high cardiometabolic risk, including diabetes;
however, this has proved more useful in Asian
populations [29]. The latter may explain why the
two measurements (BMI and WHt) were found to
be equal in predicting diabetes risk.
Family history of diabetes was the second risk
factor to play a crucial role in diabetes development in our study. It increased the risk of diabetes
by factor 2.8, thus confirming the disease’s genetic
component [30]. Age, blood glucose level, and energy intake also had an aggravating effect. Specifically, diabetes risk was found to increase by 14%
per 1 year’s increase in age, by 5% per 1 mg/dl increase in fasting glucose (or 50% per 10 mg/dl),
and by 2% per 500 kcal increase in energy intake.
It is generally thought that regular physical activity substantially reduces the risk of developing
type 2 diabetes, with recent studies suggesting a
tailored exercise program, instead of a “one size
fits all” approach [31]. Surprisingly, in our study,
physical activity was not found to exert a beneficial effect on diabetes incidence, similarly to the 5year follow-up [15]. This points to a change in the
importance of this factor over time, even though
the Greek population is moving towards a more active lifestyle [32]. However, the observed moderating effect of exercise, which to the best of our
knowledge has not been reported elsewhere, needs
to be discussed. It was reported, that even though
family predisposition to diabetes and elevated fasting glucose increase the risk of developing diabetes, being active outweighs the aggravating effect
of both risk factors. This emphasizes the particular
importance of exercise in stabilizing health. Surprisingly, active participants with a WHt ratio of
>0.5 show a 10.1-fold increased risk of developing
diabetes, while for inactive participants WHt was
not significant. This finding seems strange, but
may be explained by the intense stress for the
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body when engaging in physical activity, which
may conflict with its beneficial effect. More studies
are needed to investigate this phenomenon.

5. Limitations
There are some limitations to the present
study. Firstly, the baseline evaluation was performed only once, and may be prone to measurement error. Secondly, the exact date of diabetes
development was not available and was thus not
included in the study. Instead, we included the
date of diabetes diagnosis, which was available. In
consequence, calculation of person-time and incidence rates was not feasible, and was thus not performed.
Participants with CVD at baseline, for whom
information about diabetes status was not available in the 10-year follow-up, were excluded from
the current analysis, along with 1347 participants
for whom diabetes status was not known at baseline. This may have influenced diabetes incidence.
Moreover, the true incidence of diabetes may have
been underestimated in participants whose medical information was retrieved only through telephone interviews.
As for diabetes determinants, relative risks
were estimated by odds ratios through multiple logistic regression analysis, which may overestimate
the actual relative risk. However, it has been reported that for low-prevalence diseases, odds ratio
is an accurate estimate of the relative risk. Another issue in prospective studies is that associations with disease incidence are based entirely on
baseline information, but many lifestyle factors
such as energy intake, physical activity, and smoking status may have changed during the long 10year period and no timely information updates
have been carried out.
Finally, the diabetes risk model was adjusted
for most major confounders except psychological
parameters, such as perceived stress and anxiety,
which have significantly increased within the past
5 years in Greece because of the socioeconomic crisis.
The advantages of the present study include a
large, representative sample, a prospective design
for a fairly long period of 10 years, and the assessment of various lifestyle characteristics and,
therefore, the ability to control for potential confounders.

6. Conclusions
Despite continuous progress in medical science,
the results presented are discouraging and point to
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a continuous increase in diabetes incidence. The
prevalence of the disease has risen in Greece during the past 10 years, which confirms global
trends. Given that population aging is inevitable,
the aggravating effects of a family history of diabetes and obesity may be balanced by an active lifestyle. This implies a need for the promotion of
healthier nutrition and more physical activity to
decrease the incidence rates of diabetes.
The new findings reported here shed light on
the reasons for diabetes etiology. They highlight
the significantly predictive power of the WHt ratio
(vs. other anthropometric measures). This finding
may be helpful for the design of future clinical trials with tailored intervention protocols.
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