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Abstract - The aim of this study was to determine the frequency of impaired glucose tolerance (IGT) in a cross-section of 
the adult rural population of the village Deleni in northeast Romania. We observed a IGT in 25.9% and diabetes in 14.55% 
of the general population, and only 60% of randomly selected subjects with a normal glucose tolerance. With regards 
to gender, we observed slightly higher values in female patients (28.3% with IGT, 17.3% with diabetes), as compared to 
10.47% with diabetes and 20.95% with IGT in males. Our report reveals a high prevalence of diabetes and IGT among the 
rural population of Deleni, Romania. Therefore, there is an urgent need for an increased awareness of diabetes and for an 
energetic intervention against diabetes and similar lifestyle-related diseases in the rural areas of Romania.
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INTRODUCTION

The so-called “westernization” of lifestyle, which im-
plies a high-fat, high-caloric diet and decreased phys-
ical activity, often promotes metabolic dysfunction, 
such as obesity and diabetes in the general popula-
tion (Vienberg et al., 2012; Brøns et al., 2009; Wester-
backa et al., 2005; O’Dea et al., 1988). Although it is 
generally believed that rural populations tend to have 
a lower prevalence of type 2 diabetes (Raghupathy et 
al., 2007; Ramachandran et al., 1997), it is estimated 
that by 2030, more than 75% of the world’s 366 mil-
lion adults with diabetes will live in developing areas 
(Wild et al., 2004; Raghupathy et al., 2010). Recent 
evidence points to an increase in diabetes is even 

in rural areas, and that the pre-diabetic condition 
which is characterized by IGT, occurs as frequently 
as in urban populations., This presents a worrying 
scenario in rural and small-town populations, which 
will probably result in an even higher burden of the 
disease in the future (Raghupathy et al., 2007; Jør-
gensen et al., 2012).

IGT can be studied using a 75 g oral glucose tol-
erance test. In healthy individuals, after the adminis-
tration of a high concentration of glucose, the insulin 
response appears rapidly and reaches a minimum af-
ter 30-60 min. Thus, when there is a sufficient amount 
of insulin to metabolize the administered glucose at 
the beginning of the test, normalized concentration of 
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glucose appears in about 3 h (Barth et al., 2001). How-
ever, the release of an insufficient quantity of insulin 
and peripheral insulin resistance will result in a sig-
nificant increase in glycemia (Fischbach et al., 2009).

Considering that there are very few reports pub-
lished regarding the prevalence of diabetes, and espe-
cially IGT, in rural populations, the aim of this study 
was to determine the frequency of these metabolic 
dysfunctions in a cross-section of the adult popula-
tion from the village of Deleni, an area that was pre-
viously defined as stable and representative for our 
region in terms of the number of inhabitants, educa-
tion, religion and ethnicity (Mihalache et al., 2010, 
2012) from the northeast of Romania.

PATIENTS AND METHODS

The subjects in this study came from the rural area of 
Deleni, situated in the northwest Iasi region of north-
eastern Romania. A cross-section of the adult popu-
lation was surveyed. In a random sample of the adult 
population, a total of 105 men and 156 women were 
included in the study. The selection was not made by 
the researchers and was not based on anthropometry 
or any other known risk factor for type 2 diabetes. 
The sole criterion was to sample a representative age 
distribution above 18 years.

Preparation of the patients

Intake of food was accepted at least 8 h and no more 
than 16 h before testing. Small quantities of water in-
gestion were allowed and a normal diet was required 
in the last 72 h before the test. Use of alcohol was 
not allowed (Fischbach et al., 2009), and neither were 
smoking or physical exertion during the test (Barth 
et al., 2001).

A fasting blood sample was taken, after which 
the subjects drank 75 g of glucose dissolved in 300 ml 
of water. Subsequent blood samples were collected 1 
and 2 h afterwards.

Impaired glucose tolerance (IGT) was defined as 
glycemia between 140-200 mg/dL (7.8-11.1 mmol/L) 

after 2 h during the 75 g oral glucose load test. Diabe-
tes was established when two values for fasting glu-
cose concentration were ≥126 mg/dL (7.0 mmol/L) 
or when the concentration was ≥200 mg/dL (≥11.1 
mmol/L) after 120 min. Normal glucose tolerance 
was considered when fasting glycemia was <100 mg/
dL (<5.6 mmol/L) and <140 mg/dL (7.8 mmol/L) 
2 h after the 75 g oral glucose load. Additionally, a 
fasting glycemia of 100-125 mg/dL (5.6-6.9 mmol/L) 
was considered as impaired fasting glucose (IFG) 
(American Diabetes Association, 2010).

In addition, weight was measured in the morning 
before breakfast with subjects wearing light clothes. 
Height was measured with the subjects standing 
without shoes.

The study was conducted according to the provi-
sions of the Helsinki Declaration and the local ethics 
committee’s approval was obtained before the start of 
the study. All the patients signed a consent form for 
their participation in this study.

Data analysis

The statistical analysis was performed using one-way 
analysis of variance (ANOVA). All results are ex-
pressed as mean ± SEM.

RESULTS

As mentioned, 105 men and 156 women were tested. 
Their age distribution and their anthropometric data 
relative to that of the total population tested are pre-
sented in Table 1.

We did not observe any significant differences 
regarding age, height, weight and BMI between the 
two genders analyzed, as studied through the analy-
sis of covariance (Table 1).

We observed a prevalence of 25.9% for IGT and 
14.55% for diabetes, with only 60% of our randomly 
selected subjects having a normal glucose tolerance 
in the general population (Table 2). With regards 
to gender, we observed slightly higher values in our 
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female patients (28.3% with IGT and 17.3% with 
diabetes), as compared to 10.47% with diabetes and 
20.95% with IGT in the males (Table 2).

In Table 3 we present the mean values of glyc-
emia for the fasting and 1 h/2 h after a 75 g oral glu-
cose load, with a worrying level of 103.6 mg/dL in 
the general rural population and 182.4 mg/dL after 
1 h and 125.1 mg/dL after 2 h. We did not observe 

any significant differences between sexes for fast-
ing (F(1,259)= 0.03, p= 0.85), as well as between 1 h 
(F(1,259)= 0.003, p= 0.9) and 2 h (F(1,259)= 0.001, 
p= 0.8) after the glucose load (Table 3).

DISCUSSION

This cross-sectional study included 261 randomly 
selected adults from the village of Deleni in Ro-

Table 1. Age and anthropometric data on the studied population.

Mena Womena Totala F*     P*

Population tested (n) 105 156 261 - -

Age (years) 53.4 ± 1.06 54.2 ± 1.2 53.8 ± 1.12 0.132 0.79

Height (m) 1.613 ± 0.01 1.625 ± 0.006 1.619 ± 0.0087 0.009 0.922

Weight (kg) 74.25 ± 1.56 72.51 ± 1.32 73.6 ± 1.4 0.713 0.399

Body mass index (kg/m2) 28.59 ± 0.56 27.8 ± 0.44 28.2 ± 0.51 0.014 0.82

a- Each value represents mean and standard deviation.
*- Analysis of covariance for men and women groups for age, height, weight and body mass index.

Table 2. Frequency of diabetes and impaired glucose tolerance (IGT) in a cross section of rural patients.

Normal glucose tolerance Impaired glucose tolerance 
(IGT) Diabetes

N n % N % n %

Men 105 72 68.57 22 20.95 11 10.48

Women 156 85 54.48 44 28.2 27 17.32

Total (men +women) 261 157 60.1 66 25.9 38 14

Table 3. Glycemia before (fasting), and 1 and 2 h after intake of a 75 g oral glucose.

Glycemia (mg/dL)
Men

Fasting 103.7 ± 1.28

1 h 183.51 ± 4.55

2 h 126.59 ± 3.88

Women

Fasting 103.54 ± 1.02

1 h 181.46 ± 3.78

2 h 125.57 ± 3.01

Total

Fasting 103.6 ± 1.1

1 h 182.4 ± 4.1

2 h 125.1 ± 3.44
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mania. IGT and diabetes were diagnosed using the 
oral glucose tolerance test. The premises that led us 
to this study were the fact that people with IGT, as 
well as those with IFG, comprise a group of patients 
that present abnormal glycemic profiles, although 
these levels are not high enough to be considered a 
diagnostic criterion for diabetes. As we initially men-
tioned, the literature considered these patients as 
“pre-diabetics” (Nathan et al., 2007). However, new 
recommendations of the American Diabetes Associ-
ation state that IGT and IFG are not separate clinical 
entities, but mostly risk categories for diabetes and 
cardiovascular diseases, considering that they are 
strongly associated with abdominal obesity, arterial 
hypertension and dyslipidemia (American Diabetes 
Association, 2010).

It is generally believed that increased physical 
activity, weight loss, as well as the administration 
of some pharmacological agents could prevent the 
developing of diabetes in IGT patients (American 
Diabetes Association, 2010). These aspects are ex-
tremely important to the population that we stud-
ied, considering their exposure to western influ-
ences is relatively recent. Results from previous re-
search on a larger scale in the same population were 
recently published (Mihalache et al., 2013). Based 
only on fasting glycemia, the prevalence of diabetes 
was 5.2% and for 3% for IFG. Since our results were 
obtained using the oral glucose tolerance test, they 
suggest that urbanization could directly result in an 
increased prevalence of IGT and diabetes. Similar 
aspects were also reported in isolated populations 
that were subjected to rapid changes in their gener-
al life-style, such as the Greenland population (Jør-
gensen et al., 2002, 2012), Australian Aborigines 
from the desert (O’Dea et al., 1988), Pima Indians 
(Aronoff et al., 1977) and Nauruans (Balkau et al., 
1985; O’Dea et al., 1988).

Our results indicate a prevalence of 25.9% for 
IGT and 14.55% for diabetes, with only 60% of our 
randomly selected subjects presenting a normal glu-
cose tolerance. We also obtained higher values in our 
female patients, with 28.3% having IGT and 17.3% 
diabetes, compared to males where 10.47% were dia-

betics and 20.95% had IGT. Similar results for IGT 
and diabetes in the female population of Austral-
ian Aborigines was previously reported, with a 5% 
increase in the IGT prevalence under 35 years and 
approximate 6% for diabetes (O’Dea et al., 1988). In 
this way, the present study provides additional indi-
rect evidence for the frequent occurrence of these 
metabolic dysfunctions in the current rural popula-
tion.

We also present in this study new data regarding 
the one-hour glycemia after a 75 g oral glucose load, 
which was around 182 mg/dL in our population. 
Recent studies have identified that in normal glu-
cose tolerance, arterial stiffness is advanced in sub-
jects with higher 1 h post-challenge plasma glucose 
in spite of the normal range of BMI, systolic blood 
pressure, fasting plasma glucose and lipid variables. 
This indicates that a higher 1 h plasma glucose level 
is a risk factor for arterial stiffness in normal glucose 
tolerance patients (Niijima et al., 2012).

Regarding the risk factors which could gener-
ate the aforementioned dysfunctions (with a special 
focus on risk factors for developing glucose intoler-
ance), we should mention heredity, age, obesity, low 
intake of fruit and alcohol consumption (Tominaga et 
al., 1999). IGT is closely associated with insulin resist-
ance, which is partly genetically determined and part-
ly due to modifiable factors such as physical activity, 
obesity, body fat distribution and diet (Jørgensen et 
al., 2002). In addition, it is considered that besides age, 
positive family history, overall obesity, lack of physical 
activity, diet and alcohol consumption, there is also a 
recently demonstrated correlation between newborn 
size and post-natal growth to glucose intolerance, as 
demonstrated in south Indian adults (Raghupathy et 
al., 2010). Additionally, Levitt showed that the link 
between low birth weight and adult glucose intoler-
ance and blood pressure elevation occurs in young 
adults in a high risk, disadvantaged population and 
that cortisol axis activation plays a fundamental role 
in this matter (Levitt et al., 2000).

Our results show an increased prevalence of IGT 
in a rural population from Deleni, Iasi, Romania. 
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They indicate an even greater degree of susceptibility 
to type 2 diabetes than initially expected in Roma-
nian rural areas.

CONCLUSIONS

The present study shows a high prevalence of diabe-
tes and IGT among the rural population of Deleni, 
Romania, an area that was previously defined as 
stable and representative for our region in terms of 
number of inhabitants, education, religion and eth-
nicity. Our report also emphasizes the urgent need 
for an increased awareness of diabetes and for ener-
getic intervention against diabetes and similar life-
style-related diseases in the rural areas of Romania.
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