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A B S T R A C T

Introduction: Diabetes mellitus (DM) is becoming a modern epidemic due to the high prevalence of obesity and physical 
inactivity. Previous studies in Greece in urban and mixed urban and rural populations, reported a prevalence of DM of less than 
3%. However data concerning the prevalence of DM in exclusively rural areas of Greece are lacking. The purpose of this study was 
to investigate the prevalence of DM in a representative rural area of Greece. 
Methods: The group studied consisted of the resident population of the villages Saint Demetreus, Adami and Metohi of the district 
of Argolida, Greece, according to the 2001 Greek Census. In total, 880 subjects, aged 1-99 years (410 males [46.6%] mean age 
[± standard deviation, SD] 46.7 ± 26 yrs, 470 females-mean age [± SD] 48.2 ± 24.3 years) were screened for the presence of DM. 
Body mass index (BMI), waist to hip ratio (WHR), personal and family history were recorded at baseline. After an overnight fast, 
blood samples were drawn for the determination of plasma glucose (FPG) and serum lipid profile. In the case of FPG >126 mg/dL 
a second determination was performed one week later. Subjects with FPG <126 mg/dL on repeated test, and those with FPG 
between 110 and 126 mg/dL, were invited to undergo an oral glucose tolerance test. Diagnosis of DM was based on the 1999 
WHO criteria. 
Results: The prevalence of DM was 7.8 % (95% CI: 5.9-12.5), with known diabetics being 5.3% of the population and 
undiagnosed diabetes being 2.5%. No significant differences were detected between males and females (7.1% vs 7.6%, p>0.05). 
There was a significant increase in the prevalence of DM with increasing age (age 41-50 years: 6.4% vs 71-80 years 14.1%, 
p<0.05). Impaired glucose tolerance was diagnosed in 3.9%, while impaired fasting glucose was diagnosed in 1.9%. Furthermore, 
the prevalence of obesity (BMI>30 kg/m2) was 20.8%, while central obesity (WHR >0.90 males, >0.85 in females) was observed 
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in 63%. Age, obesity, family history of DM, arterial hypertension and elevated triglyceride levels were significantly associated 
with the presence of DM (p<0.001).
Conclusions: The prevalence of DM has significantly increased in the rural population of Greece. Age, hypertension, obesity, 
family history of diabetes and elevated triglyceride levels were significantly associated with prevalent diabetes. These subjects 
should be a primary target for preventive intervention strategies.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized 
by chronic hyperglycemia, resulting from defects in insulin 
secretion, insulin action or both1,2. The disease is associated 
with significant increased risk of long-term microvascular 
and macrovascular complications2. Currently DM has 
reached epidemic proportions, affecting more than 
170 million individuals worldwide, with an estimated 
increase of at least 50% by 2010, especially in developing 
countries. In observational3 and intervention studies4,5, 
obesity and physical inactivity represent the most important 
modifiable risk factors for DM. Indeed, in subjects with pre-
diabetes4,5, lifestyle intervention significantly and cost-
effectively reduced the incidence of DM, thus justifying the 
implementation of population based strategies for identifying 
and treating high-risk individuals. 

In the last decade there have been no retrospective studies 
with the object of assessing the frequency of DM in an 
agricultural population. At the same time there has been a 
large change in the living conditions and social status of that 
population. 

The prevalence of DM varies widely among populations, due 
to differences in environmental influences and genetic 
susceptibility6. It is generally accepted that urbanization 
adversely affects prevalence, with rates significantly higher 
in urban than in rural communities7. In Greece, a limited 
number of population-based studies have been conducted 
regarding diabetes prevalence in urban and rural8-13

populations. Such studies used varying methodologies and 
are now relatively old. The objective of the present study 
was to determine the prevalence of diabetes and impaired 
glucose tolerance and their association with risk factors in 
the villages Saint Demetreus, Adami and Metohi of the 
district of Argolida, a representative rural area of Greece.

Methods

The study was conducted from March 2002 to October 2002, 
by six investigators. The study population included the 
resident population of the villages Saint Demetreus, Adami 
and Metohi of the district of Argolida according to the 2001 
Greek Census. All subjects gave informed consent, for 
example:

The present study detects the prevalence of diabetes 
mellitus in the agricultural population of three 
indicative villages (Agios Dimitrios, Adami, Metohi). 
Your participation means that: you will answer the 
questions given to you, there will be blood and urine 
collection for our study. If further investigation is 
needed you will come to our Health Center for a new 
blood collection. If you refuse to participate, please 
inform us directly. 

The study was approved by Ethics Committee of Tzanio 
Hospital, Greece. According to the demographic registration 
of 2001, the total village population was 1100. The study 
population consisted of all residents present during the 
6 month period of registration. The village population is 
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representative of the agricultural population because: 
(i) these villages are located in recognised traditional Greek 
agricultural regions; and (ii) the villages are located 200 m, 
600 m and 900 m above sea level. All agricultural regions in 
Greece are thus located.

The entire population was screened by the ‘door-to-door’ 
method. As arranged in advance by civil authorities, the 
investigator visited each subject at home. After receiving the 
subject’s consent, personal and family history was recorded. 
Subsequently subjects were invited to the health station after 
an overnight fast. Weight, height, and waist and hip 
circumference were measured and the body mass index 
(BMI) and waist to hip ratio (WHR) were determined. 
Subjects with BMI ≥ 30 kg/m2 were classified as obese and 
those with BMI ≥ 25 Kg/m2 as overweight. Central obesity 
was defined as WHR >0.85 in women and >0.90 in men. 
Systolic and diastolic blood pressure (sBP and dBP, 
respectively) was measured twice with the subject in the 
sitting position and after 15 min rest, and the mean of the 
two measurements was used. Arterial hypertension was 
defined as sBP ≥ 140 mmHg and/or dBP ≥ 90 mmHg, or the 
use of antihypertensive medications.

Blood samples were drawn for the determination of plasma 
glucose, total cholesterol, triglycerides and HDL-cholesterol 
using enzymatic methods. LDL-cholesterol was estimated by 
the Friedewald equation. In the case of fasting plasma 
glucose (FPG) >126 mg/dL, a second determination was 
performed one week later. Subjects with FPG <126 mg/dL 
on repeated test and those having FPG between 110 and 
126 mg/dL were invited for a standard oral glucose tolerance 
test (OGTT). DM was defined according to the WHO 
criteria1. In addition, subjects with previous history of 
diabetes or who were taking oral hypoglycemic agents or 
insulin were considered to have DM. Subjects with known 
diabetes were not tested for FPG.

Statistical analysis

Data are presented as means (95% confidence interval). 
Normality was tested with the Kolmogorov-Smirnov test. 

Student’s t-test was used for the analysis of normally 
distributed data and Mann-Whitney U-test for skewed data. 
Categorical variables were analyzed with Pearson’s χ2 test. 
Logistic regression models were built and tested with the 
‘Enter’ method concerning the association of independent 
risk factors with DM. Variables with p<0.10 in univariate 
analysis were entered in multivariate analysis. In all analyses 
p<0.05 was considered statistically significant. Data analysis 
was performed using SPSS vers. 10.0 (SPSS Inc; Chicago, 
IL, USA).

Results

Data concerning the prevalence of diabetes according to age 
and sex are presented (Table 1). The total prevalence of 
diabetes was 7.4% (95%CI: 6.0-9.5), not significantly 
different between sexes (7.1% vs 7.6%, p = 0.61, for males 
vs females, respectively). Also, 5.2% of the total population 
had known diabetes, while eleven subjects (1.2%) had 
previously undiagnosed diabetes based on two consecutive 
FPG measurements. Furthermore eight subjects (0.9%) were 
identified as diabetic by OGTT. The prevalence of combined 
impaired glucose tolerance/impaired fasting glucose 
(IGT/IFG) was 3.7% (33/880), while isolated IFG was 
detected in 1.9% (17/880).

The prevalence of diabetes increased significantly with 
advancing age (Table 1). Indeed there was almost a doubling 
of the prevalence of diabetes after the age of 60 years (7.3 % 
vs 13.3%, for 51-60 years vs 61-70 years, respectively). The 
prevalence of obesity in the entire study population was 
20.8%, significantly increased in patients with diabetes 
(36.0% vs 19.2, p<0.001, for diabetic vs controls subjects, 
respectively) (Table 2). Furthermore, central obesity was 
observed in 63% (95% CI: 59.4-66.6), again significantly 
more commonly in patients with diabetes (82.5% vs 58.1%, 
p<0.001, for diabetic vs controls subjects, respectively). 
Finally, arterial hypertension was detected in 28.4%, being 
more common in patients with diabetes (63.0% vs 25.2%, 
p<0.001, for diabetic vs controls subjects, respectively).
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Table 1: Prevalence of diabetes mellitus according to age and sex

No. patients/population (%)Age group 
(years) Male Female

P* Total no. 
patients/

population (%)
0–10 0/54 (0) 0/49 (0) NA 0/103 (0)
11–20 0/46 (0) 0/36 (0) NA 0/82 (0)
21–30 1/29 (3.4) 0/29 (0) 0.31 1/58 (1.7)
31–40 3/35 (8.5) 1/69 (1.4) 0.07 4/104 (3.8)
41–50 3/54 (5.5) 4/55 (7.2) 0.71 7/109 (6.4)
51–60 1/27 (3.7) 5/55 (9.0) 0.37 6/82 (7.3)
61–70 7/63 (11.1) 11/72 (15.2) 0.47 18/135 (13.3)
71–80 11/77 (14.2) 10/72 (13.8) 0.94 21/149 (14.1)
81+ 3/25 (12.0) 5/33 (14.2) 0.73 8/58 (13.7)
Total 29/410 (7.1) 36/470 (7.65) 0.61 65/880 (7.3)
*Comparison of males with females. 
NA: Not applicable.

Table 2: Baseline characteristics of diabetic and non-diabetic subjects (controls)

Characteristic DM (n = 65)
mean value 
(95% CI)

Controls (n = 815)
mean value 
(95% CI)

P

Age (years) 65.3 (61.8-68.7) 46.0 (44.2-47.7) <0.001
Gender: n (%)
Male (n = 410) 29 (7.0%) 381 (92.9%)
Female (n = 470) 36 (7.6%) 434 (92.3%)

0.740

Family history of DM† 19/62 (30.6%) 97/699 (13.8%) <0.001
BMI (kg/m2) 28.3 (27.2-29.4) 25.3 (24.9-25.6) <0.001
WHR 0.94 (0.74-1.13) 0.88 (0.82-0.94) <0.001
SBP (mmHg) 143 (138.1-148.0) 133 (131.3-134.8) 0.001
DBP (mmHg) 84 (81.5-86.6) 81.0 (80.3-82.1) 0.075
Hypertension: n (%) 41 (63.0%) 205 (25.2) <0.001
Total cholesterol (mmol/L) 6.75 (6.46-7.03) 6.51 (6.42-6.63) 0.176
Triglycerides (mmol/L) 1.46 (1.33-1.60) 1.27 (1.21-1.33) 0.042
HDL-cholesterol (mmol/L) 1.53 (1.36-1.72) 1.50 (1.48-1.53) 0.644
LDL-cholesterol (mmol/L) 3.30 (3.04-3.58) 3.40 (3.29-3.53) 0.589
†Family history of diabetes mellitus could not be obtained from 119 subjects.
DM, Diabetes mellitus; BMI, body mass index; WHR, waist : hips ratio; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Regression analysis revealed that age (p<0.001), BMI 
(p<0.001), WHR (p<0.001, both as continuous and 
categorical variable), family history of diabetes (p<0.001), 
arterial hypertension (p<0.001) and fasting triglyceride 
levels (p<0.001) were significantly associated with the 
presence of DM (Table 3). Interestingly, stepwise regression 
analysis indicated that central obesity remained significant 
predictor of DM even after adjustment for BMI. 
Furthermore, family history of DM, arterial hypertension and 
fasting triglyceride levels remained significantly associated 
with DM even after adjustment for age and BMI/WHR.

Discussion

The present study offers contemporary data regarding 
diabetes prevalence in a representative rural area of Greece. 
The total prevalence of diabetes was 7.3%, with no 
significant difference between genders, increasing 
significantly with age, while undiagnosed diabetes using 
FPG and the OGTT in patients with impaired fasting 
glycemia was 2.15%, indicating that approximately 30% of 
the total diabetic population had undiagnosed diabetes. 
Furthermore, impaired glucose regulation (isolated IFG and 
combined IFG/IGT) affected 5.6% of the population; 
accordingly, abnormal glucose tolerance was detected in 
13% of the population studied. 

Previous epidemiologic studies from Greece concerning 
diabetes prevalence were confined to urban populations8,9, 
have been retrospective11-13, used different diagnostic 
criteria10 or did not use the door-to-door method as a 
screening survey in the all population combined with FPG 
determination and OGTT8-13. Although the door-to-door 
method may miss approximately 11% of diabetes cases, it is 
more sensitive compared with GP registers14. Nevertheless, 
until 1993 rural studies reported age-adjusted prevalence of 
DM of 1.31%-1.36% in males and 1.48%-1.68% in females, 

while Lionis et al.11 in a recent retrospective case note 
review reported an age-adjusted known DM prevalence of 
5.2%. Although this estimate is significantly higher 
compared with the older studies, it is similar to our results, 
where the prevalence of known DM was 5.2%. 

It is firmly established that urbanization affects prevalence, 
with rates higher in urban areas than in rural communities7,15. 
A recent Greek study16 concerning metabolic syndrome in 
4153 subjects in both urban and rural areas, reported an age-
and sex-adjusted prevalence of DM of 10.6% (diagnosed by 
FPG or use of hypoglycemic medications), IFG of 7.6%, 
while undiagnosed diabetes was detected in 34% of the 
cases. Although the authors did not separately report the 
prevalence of DM in urban and rural areas, surprisingly, the 
frequency of metabolic syndrome was not different between 
areas. Nevertheless a recent epidemiologic study from 
Adana, Turkey17 did not observe a difference in diabetes 
prevalence between urban and rural areas, the findings 
reflecting changes in the frequency of obesity and lifestyle. 

Several factors affect the prevalence of diabetes18, such as: 
(i) the ratio of diagnosed : undiagnosed cases of diabetes; 
(ii) age at onset of diabetes; (iii) population demographic 
changes; (iv) mortality in patients with diabetes and in the 
general population; and (v) incidence of diabetes. Indeed, in 
our study the number of undiagnosed cases is comparable 
with or lower than several other studies, indicating improved 
application of health-care services during the last decades in 
Greece. Furthermore, compared with older studies, there is a 
tendency of increased age-specific prevalence of DM 
particularly in younger subjects. Thus Katsilambros et al8

reported a prevalence of DM of 1.96%-0.93% (males-
females, respectively) in the age group 40-49 years, while 
the corresponding numbers in our study were 5.5-7.2%.
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Table 3: Univariate and multivariate regression analysis for the presence of diabetes mellitus

Parameter Univariate Model 1 Model 2 Model 3 Model 4 Model 5
Age (per 10 years) 1.46

(1.27-1.67)*
- - - - -

BMI ( ≥ 30 kg/m2) 2.99
(1.72-5.16)*

2.47
(1.41-4.32)*

- - - -

WHR (> 0.90/0.85) 3.46
(1.77-6.75)*

2.32
(1.15-4.68)***

2.18
(1.07-4.41)***

- - -

Family history of 
DM

2.74
(1.53-4.90)*

3.15
(1.72-5.76)*

2.64
(1.40-4.97)**

2.67
(1.41-
5.04)**

- -

Arterial hypertension 5.04
(2.96-8.59)*

3.48
(1.87-6.46)*

3.36
(1.80-6.29)**

3.28
(1.76-6.10)*

3.27
(1.73-6.17)*

-

Trg (>1.5 mmol/l) 4.09
(1.90-8.97)*

3.75
(1.73-8.14)**

3.49
(1.59-7.67)**

3.42
(1.55-
7.55)**

3.82
(1.63-
8.93)**

3.63
(1.54-
8.54)**

Data are presented as OR (95% CI: p). 
Model 1: Adjusted for age; Model 2: adjusted for age and BMI; Model 3: adjusted for age, BMI, WHR; Model 4: adjusted for age, BMI, 
WHR, FH DM; Model 5: adjusted for age, BMI, WHR, family history DM, hypertension. *p<0.001; **p<0.01; *** p<0.05
DM, Diabetes mellitus; BMI, body mass index; WHR, waist : hips ratio; Trg, triglycerides.

It is well established that the aging of a population affects 
both the prevalence and the incidence of type 2 DM19,20. 
Beside the fact that age as a continuous variable was 
associated with a 45% increased risk for the presence of 
diabetes, there was almost a doubling of DM cases in 
subjects older than 60 years. In addition, obesity is a 
recognized factor associated with an increased risk for 
type 2 diabetes20,21. Indeed in our study, BMI, both as a 
continuous and a categorical (≥ 30 kg/m2 index of adiposity 
was associated with at least doubling the risk for the 
presence of DM. Furthermore, WHR, an index of central fat 
distribution, was significantly associated with prevalent DM,
even after adjusting for BMI. These findings underlie the 
essential role of central fat distribution in the pathogenesis of 
type 2 DM22,23. Given the alarming increase in the 
prevalence of obesity24 and the favorable effect of lifestyle 
intervention in prediabetic subjects4,5 and in normoglycemic 
males at increased risk for future cardiovascular events25, 
there is an urgent need for the implementation of primary 
prevention strategies.

Several lines of evidence firmly establish that a family 
history of DM (FHDM) is a significant risk factor for 
prevalent and incident DM2,17,26. This increased risk is 
probably the combined result of genetic and environmental 
factors, affecting beta-cell insulin secretory capacity and 
peripheral insulin sensitivity. In our study, FHDM was 
associated with at least doubling the risk for prevalent DM. 
Although no data exist concerning the effect of primary 
prevention strategies in normoglycemic subjects with 
FHDM, it seems justified that this group should be a primary 
target for lifestyle intervention. Finally, arterial hypertension 
and fasting triglyceride levels were significantly and 
independently associated with a 3.2 to 3.6 increased risk for 
the presence of DM. Thus it is reasonable that these patients, 
especially if they have other features of metabolic syndrome, 
such as obesity, should be screened for the presence 
impaired glucose regulation and treated appropriately.

The ratio of prevalence of glucose abnormalities between 
men and women has been estimated in many studies, but so 
far there has been no consistent trend7,26,27. Indeed, the age-
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specific prevalence of undiagnosed diabetes and IGT defined 
by isolated post-load hyperglycemia was higher in women, 
while undiagnosed diabetes and IFG detected by isolated 
fasting hyperglycemia was higher in men. Furthermore, the 
total prevalence of diabetes seems to be higher in men aged 
40-59 years, but lower in those over 70 years13. 
Nevertheless, earlier studies in Greece reported a non-
significant trend for increased age-adjusted prevalence of 
DM in females8,11,12. It is possible that differences 
concerning the reference population, the age distribution of 
the sample and the screening methods applied, account for 
the observed variation.

The findings of our study have several implications for rural 
practice that should lead to modification of both screening 
methods and medical interventions applied. Indeed the 
prevalence of diabetes mellitus and impaired glucose 
regulation in a representative rural area of Greece is 
increased, with a significant proportion still undiagnosed. 
Central obesity and arterial hypertension seem to be 
common metabolic disorders in our region. Given that age, 
hypertension, obesity, family history of diabetes and 
elevated triglyceride levels are significantly associated with 
prevalent diabetes, it is justified these subjects should be a 
primary target for preventive intervention strategies.
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