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Abstract

Background: The socio-economic level is probably among the 
central risk factors for type 2 diabetes mellitus (T2DM) along with 
obesity, decreased physical activity and smoking. The International 
Diabetes Federation notes in particular that the main impact in the 
prevalence of diabetes is observed in low and middle-income coun-
tries, hence the disease might disproportionately affect lower socio-
economic groups. The aim of the study was to determine the preva-
lence of diabetes and impaired glucose tolerance (IGT) and assess its 
association with the type of place of residence in Bulgaria - cities, 
small towns and villages.

Methods: We surveyed 2,032 subjects from five major geographic re-
gions of the country, with age and gender proportions according to the 
latest population census - 27.5% rural population and 72.5% urban 
population. We included 1,076 women (53%) and 956 men (47%), 
with a mean age of 49.3 ± 14.8 years (20 - 80 years). Fasting blood 
glucose was measured in all participants and when indicated oral glu-
cose tolerance test was performed. Diabetes was defined according to 
the WHO criteria (1999).

Results: The prevalence of known T2DM, previously unknown 
T2DM and IGT was significantly higher among the rural population 
than in the city population - known T2DM: 8.6% (46/535) vs. 6% 
(62/1,031), P < 0.02; previously unknown T2DM: 3.55% (19/535) vs. 
1.74% (18/1,031), P < 0.02; IGT: 2.4% (13/535) vs. 1.1% (12/1,031), 
P < 0.04. The combined prevalence of diabetes (known and unknown) 
and IGT (impaired fasting glucose (IFG) + IGT) was 16.44% (88/535) 
in the rural population, 14.13% (66/467) (NS) in small towns, and 
11.16% in cities (115/1,030) (P < 0.01).

Conclusions: National screening programs for diabetes should fo-
cus on the rural population due to the higher diabetes prevalence that 

might be explained by multiple adverse socio-economic factors.
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cose tolerance; Rural population; Urban population

Introduction

The number of subjects with diabetes has doubled globally 
in the recent three decades, which makes the disorder a ma-
jor health problem worldwide [1]. The national surveys on 
diabetes offer neither stratified prevalence by urban and rural 
population nor estimation of the urban/rural ratio. The United 
Nations Population Division 2010 has proposed specific for-
mulae for the calculation of the urban population in the differ-
ent countries [2].

Socio-economic difficulties are associated with a deterio-
raton in the health care conditions, a decrease in the life ex-
pectancy and an increased morbidity [3]. The socio-economic 
background affects the health of the individual subject both 
depending on his/her financial situation and through the health 
care system’s will to execute effective screening programs 
for early detection and prevention of chronic disorders. The 
International Diabetes Federation (IDF) stressed that the ma-
jor impact of the increase in diabetes morbidity will affect the 
countries with low and medium income and will dispropor-
tunately affect the low-income social groups [4]. A two-fold 
higher diabetes prevalence was reported among the Australian 
populations from poorer regions (5%) than among those from 
more affluent ones (2%) [4].

Another interesting observation concerns the variation in 
diabetes prevalence between urban and rural populations. No 
difference has been reported for the developed countries, but 
diabetes is twice as prevalent in the urban areas as in the rural 
ones in the developing countries [5, 6].

Mohan et al described higher diabetes prevalence in the 
lower socio-economic groups in the developed countries and 
in the higher socio-economic groups in the developing coun-
tries [7]. That observation might reflect the healthier lifestyle 
among the highly educated groups in the developed countries 
and the lower physical activity and overindulging with high-
calorie nutrition among the rich in the developing countries 
[8, 9].
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Some authors have reported that the social group is a major 
risk factor for type 2 diabetes, similarly to obesity, low physi-
cal activity and smoking [3]. Last but not least, the personal 
socio-economic status seems just as important - residence in a 
poorer area with high unemployment rate and poor infrastruc-
ture is associated with a higher risk of diabetes. Some other po-
tential factors that might contribute to the regional differences 
in diabetes prevalence have been identified recently. Examples 
of such factors associated with insulin resistance and diabetes 
include air pollution, high noise levels, the lack of recreation 
and sports areas and the variations in health care [3, 10]. Some 
individual characteristics are important as well: smoking, alco-
hol abuse, and a sedentary lifestyle.

The aim of the present work was to assess the prevalence 
of diabetes and impaired glucose tolerance (IGT) as a function 
of the place of residence - city, small town and village. The 
initial assumption was that the differences in health care might 
determine possible differences in the observed prevalence.

Materials and Methods

The study was designed as a cross-sectional survey and was 
carried out in 12 regions. Three thousand four hundred and 
fifty subjects 20 years or older from both genders were invited 
to participate. Two thousand thirty-two subjects agreed to be 
enrolled (58.8%) and signed an informed consent, approved 
by the local Ethics Committee at the University Hospital of 
Endocrinology in Sofia. All participants filled in a question-
naire including questions on demographic data, current health, 
past health history, family history for hypertension, diabetes, 
thyroid and chronic kidney disease, current and past medica-
tion, smoking, and menstrual status for the female participants. 
Body weight, height and waist circumference (WC) were 
measured and the body mass index (BMI) was calculated by 
the standard formula. Arterial blood pressure was measured in 

the sitting position after a 5-min rest. Fasting venous blood 
samples were taken between 7 and 9:00 am. Two subjects re-
fused the venipuncture and were subsequently excluded.

Design

The studied subjects represented five major geographic re-
gions: 1) Northwestern (Vidin, Dunavtzi, Montana, Troyan 
and the adjacent villages) - 431 participants, 21.2% of the co-
hort; 2) Northeastern (Dobrich, Russe, Byala and the adjacent 
villages) - 454 participants, 22.3% of the cohort; 3) Southeast-
ern (Sliven, Stara Zagora and the adjacent villages) - 384 par-
ticipants, 18.9% of the cohort; 4) Southwestern (Blagoevgrad, 
Sandanski and the adjacent villages) - 406 participants, 20% of 
the cohort; 5) Central western (Sofia and the adjacent villages) 
- 357 participants, 17.6% of the cohort.

A thousand and seventy-six females (53%) and 956 males 
(47%), with a mean age of 49.3 ± 14.8 years (20 - 80 years) par-
ticipated, subdivided into three age groups (Table 1). The par-
ticipant distribution by region, gender and age was determined 
in accordance with the population distribution, described by 
the National Statistical Institute (NSI) after the latest census in 
2011 (Table 1) [11]. The latest NSI census shows that 73.5% 
of the urban and 40.3% of the rural population has higher or 
secondary education and 59.6% of the rural population has el-
ementary, primary or no completed educational level (Table 2).

Methods

Venous blood samples were collected between 7 and 9 am 
after an overnight fast. Plasma glucose was measured by an 
automated glucose-oxidase analyzer (Glucose Analyzer II, 
Beckman, USA) and all samples were processed by a single 
laboratory technician. The daily calibration and quality con-
trol were performed as per the manufacturer recommendations 
with standards Presinorm (Roche) - glucose 4.9 ± 0.3 mmol/L 
and Presipath (Roche) - glucose 12.6 ± 0.5 mmol/L.

Fasting blood glucose was accepted as normal if ≤ 6.0 
mmol/L. Diabetes was diagnosed in all subjects without a his-
tory of known diabetes after the WHO 1999 criteria when fast-
ing glucose ≥ 7.0 mmol/L was measured [12, 13]. A standard 
oral glucose tolerance test (OGTT - a measurement at 120 min 
after a 75 g glucose load) was performed in subjects with fast-
ing glucose 6.1 - 6.9 mmol/L and in those with fasting glucose 

Table 1.  Distribution of the Participants According to the Place 
of Residence, Gender and Age Group

Number (%)
Place of residence
  Town 1,030 (50.6%)
  Small town 467 (23.1%)
  Village 535 (26.3%)
Age group
  Female
    20 - 44 years 446 (41.5%)
    45 - 59 years 281 (26.1%)
    60 and older 349 (32.4%)
  Male
    20 - 44 years 448 (46.8%)
    45 - 59 years 253 (26.5%)
    60 and older 255 (26.7%)

Table 2.  Educational Level for the Total Population, the Urban 
and the Rural Population in the Country - 2011 Population Cen-
sus [11]

Educational level Total for the country Urban Rural
University 19.6% 24.8% 5.8%
Secondary 43.4% 48.7% 34.5%
Elementary 23.1% 17.5% 37.8%
Primary 7.8% 5.6% 13.5%
No level completed 6.2% 5.3% 8.3%
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equal to 7.0 mmol/L. OGTT was done in 97 subjects (4.77% 
of the 2,032). Two subjects refused the OGTT. The measure-
ments were interpreted as follows: 1) IGT: 120 min glucose 
7.8 - 11.0 mmol/L; 2) impaired fasting glucose (IFG): fasting 
glucose 6.1 - 6.9 mmol/L and 120 min glucose < 7.8 mmol/L; 
3) newly diagnosed diabetes mellitus: fasting plasma glucose 
> 7.0 mmol/L or 120 min glucose ≥ 11.1 mmol/L.

Statistical analysis

The data were processed with SPSS v.13.0 (SPSS Inc., Chi-
cago, IL). The data were grouped according to the predefined 
grouping variables and a descriptive analysis was performed. 
The proportions of the subjects with diabetes, IFG or IGT 
were calculated for all subgroups and then the expected and 
observed frequencies were compared by Chi-square. Logistic 
regression was applied to assess the factors contributing to 

diabetes prevalence. A P-value < 0.05 was accepted as statisti-
cally significant.

Availability of data and materials

The dataset supporting the conclusions of this article is availa-
ble in Open Science Framework at https://osf.io/nrhce/?view_
only=ab13d94c3bdc442cb40a02f2e3d7ec01.

Results

IFG was found in 43 subjects, IGT in 32 and newly diagnosed 
diabetes in 50 (27 with fasting plasma glucose > 7.0 mmol/L 
and 23 with 120 min glucose ≥ 11.1 mmol/L) (Table 3). The to-
tal diabetes prevalence was 9.6% (194/2,032), 7.8% in the fe-
males (84/1,076) and 11.5% in the males (110/956) (P < 0.01). 

Table 3.  The Prevalence of the Known and Newly Diagnosed Diabetes, IFG and IGT by Age, Gender and Place of Residence

Known diabetes (n, %)* Unknown diabetes (n, %)* IFG (n, %)* IGT (n, %)*
Women
  City (n = 532) 25 (4.7%) 6 (1.1%) 6 (1.1%) 8 (1.5%)
  Small town (n = 253) 16 (6.3%) 8 (3.2%) 5 (2.0%) 2 (0.8%)
  Village (n = 291) 21 (7.2%) 8 (2.7%) 3 (1.0%) 6 (2.1%)
  Total (n = 1,076) 62 (5.8%) 22 (2.0%) 14 (1.3%) 16 (1.5%)
Men
  City (n = 498) 37 (7.4%) 12 (2.4%) 17 (3.4%) 4 (0.8%)
  Small town (n = 214) 20 (9.3%) 5 (2.3%) 5 (2.3% 5 (2.3%)
  Village (n = 244) 25 (10.2%) 11 (4.5%) 7 (2.9%) 7 (2.9%)
  Total (n = 956) 82 (8.6%) 28 (2.9%) 29 (3.0%) 16 (1.7%)
Age groups
  20 - 44 years
    City (n = 496) 7 (1.4%) 3 (0.6%) 9 (1.8%) 1 (0.2%)
    Small town (n = 206) 2 (1.0%) 0 (0%) 3 (1.5%) 0 (0%)
    Village (n = 192) 4 (2.1%) 3 (1.6%) 3 (1.6%) 0 (0%)
    Total (n = 894) 13 (1.5%) 6 (0.7%) 15 (1.7%) 1 (0.1%)
  45 - 59 years
    City (n = 262) 21 (8.0%) 8 (3.1%) 8 (3.1%) 2 (0.8%)
    Small town (n = 137) 13 (9.5%) 5 (3.6%) 3 (2.2%) 3 (2.2%)
    Village (n = 135) 13 (9.6%) 7 (5.2%) 2 (1.5%) 6 (4.4%)
    Total (n = 534) 47 (8.8%) 20 (3.7%) 13 (2.4%) 11 (2.1%)
  60+ years
    City (n = 272) 34 (12.5%) 7 (2.6%) 6 (2.2%) 9 (3.3%)
    Small town (n = 124) 21 (16.9%) 8 (6.5%) 4 (3.2%) 4 (3.2%)
    Village (n = 208) 29 (13.9%) 9 (4.3%) 5 (2.4%) 7 (3.4%)
    Total (n = 604) 84 (13.9%) 24 (4.0%) 15 (2.5%) 20 (3.3%)
All subjects (n = 2,032) 144 (7.1%) 50 (2.5%) 43 (2.1%) 32 (1.6%)

*Proportion of the respective place of residence.
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The prevalence of known diabetes was significantly higher in 
the rural areas than in the cities (P = 0.027). The total diabetes 
rates, known and newly diagnosed, followed the same pattern: 
significantly higher in the rural population (12.1%) than in the 
population in the cities (7.8%) (P < 0.01). The rate in the small 
town was intermediate (10.5%) and did not differ significantly 
from either of the other two groups.

IGT was marginally more prevalent in the villages (2.4%) 
than in the cities (1.1%) (P = 0.048), while IFG did not differ 

among the three groups (all P = NS). The combined prevalence 
of diabetes and prediabetes was significantly higher among 
the rural population than in the cities, 16.44% vs. 11.2% (P < 
0.01), with no difference with the small towns (14.1%).

The prevalence of the IFG and IGT demonstrated a de-
pendence on the place of residence (Table 4). Despite the fact 
that 27.5% of the population lives in the villages (NSI 2011), 
we found 33.7% of the subjects with diabetes among the ru-
ral population. Furthermore, the proportion of diabetic males 

Table 4.  Age and Gender Distribution of the Subjects With Diabetes Mellitus and IFG + IGT According to the Type of 
Residence

Place of residence, gender, age Diabetes (n = 194) Impaired glucose tolerance (IFG + IGT) (n = 75)
City (% of total) 80/194 (41.2%) 35/75 (46.7%)
  Gender
    Women 31 (38.7%%) 14 (40%)
    Men 49 (61.3%) 21 (60%)
  Age group
    20 - 44 years 10 (12.5%) 10 (28.6%)
    45 - 59 years 29 (36.2%) 10 (28.6%)
    60+ years 41 (51.3%) 15 (42.8%)
Small town (% of total) 49/194 (25.3%) 17/75 (22.6%)
  Gender
    Women 24 (49%) 7 (41.2%)
    Men 25 (51%) 10 (58.8%)
  Age group
    20 - 44 years 2 (4.1%) 3 (17.6%)
    45 - 59 years 18 (36.7%) 6 (35.3%)
    60+ years 29 (59.2%) 8 (47.1%)
Village (% of total) 65/194 (33.5%) 23/75 (30.7%)
  Gender
    Women 29 (44.6%) 9 (39.1%)
    Men 36 (55.4%) 14 (60.9%)
  Age group
    20 - 44 years 7 (10.8%) 3 (13%)
    45 - 59 years 20 (30.8%) 8 (34.8%)
    60+ years 38 (58.4%) 12 (52.2%)

Table 5.  Age and Gender Distribution of the Subjects With Diabetes - Known or Newly Diagnosed

Groups Known diabetes (n = 144, 74%) Unknown diabetes (n = 50, 26%) Total (n = 194)
Gender
  Women 62/144 (43%) 22/50 (44%) 84/194 (43.3%)
  Men 82/144 (57%) 28/50 (56%) 110/194 (56.7%)
Age group
  20 - 44 years 13/144 (9.1%) 6/50 (12%) 19/194 (9.8%)
  45 - 59 years 47/144 (32.6%) 20/50 (40%) 67/194 (34.5%)
  > 60 years 84/144 (58.3%) 24/50 (48%) 108/194 (55.7%)



Articles © The authors   |   Journal compilation © J Endocrinol Metab and Elmer Press Inc™   |   www.jofem.org56

Diabetes and Place of Residence J Endocrinol Metab. 2016;6(2):52-58

to females was significantly higher in the cities (61.3% and 
38.7%) than in the small towns and villages (51% and 49%; 
44.6% and 51%) (P < 0.05). Both diabetes and IFG/IGT in-
creased with age irrespective of the place of residence.

The proportion of previously unknown diabetes was 
slightly higher in the younger with no gender difference (Table 
5).

A logistic regression model including the age, gender, 
BMI, WC, education level, place of residence and smoking 
status as factors and diabetes as a dependent variable was per-
formed. The only significant factors were the age - the age over 
45 years was associated with an OR 7.3 (4.4 - 11.9); and the 
WC - each centimeter increase in the WC was associated with 
a 5% (4 - 6) increase in the probability of having diabetes. The 
place of residence, the education or gender did not influence 
significantly the regression model.

Discussion

We found a significantly higher prevalence of previously 
known diabetes in the villages as compared to the cities (8.6% 
vs. 6%, P = 0.027). The figures for the small towns fell in be-
tween (7.7%). The prevalence of the newly diagnosed diabetes 
showed a similar trend: twice as high in the rural areas as in 
the cities (3.6% vs. 1.7%, P = 0.025). The analysis of the pre-
diabetes - IFG and IGT yielded similar results for the IGT, but 
not the IFG (Table 5). Therefore, a gradient in the diabetes and 
prediabetes prevalence both separately and summed together 
was observed, sloping up from smaller to larger place of resi-
dence. In fact, we observed a disproportionately higher diabe-
tes rates to the urban to rural population distribution in the vil-
lages. Our results offered some confirmation to the hypothesis 
of Connollya et al who studied hospital and primary care docu-
mentation, and identified 4,313 subjects with diabetes among 
a population of 287,157. The authors proposed the hypothesis 
that an inverse correlation existed between diabetes and socio-
economic class [14]. They found high diabetes prevalence in 
the poorer regions, and particularly in the age 40 - 69 years.

One possible explanation might lie in the differences in 
health care. Both the access to specialized and tertiary care 
and the extent of preventive programs are usually better in the 
large cities. The fact that the education level correlates with the 
participation in preventive programs and the compliance with 
the recommendations in diabetic subjects has been reported by 
other authors [15]. Thus, lower education affects subjects’ at-
titude towards such activities and might also be related to an 
underestimation of personal health risks. A typical example is 
a phenomenon that some authors have described as psycholog-
ical insulin resistance (PIR). Machinani et al observed a higher 
rate of unwillingness to insulin treatment initiation in low-in-
come, low-education diabetic subjects [16]. The proportion of 
the subjects with completed secondary and higher education in 
Bulgaria is almost two-fold lower in the rural areas, than in the 
urban, as is seen in Table 2. This should be born in mind when 
determining the target population groups for community-based 
prevention programs [17].

Other factors closely related to both education and health 

care are the socio-economic status and the employment. Un-
employment has risen in the Bulgarian villages after the 
disintegration of state-regulated farming over the past three 
decades. The unemployment rate in the villages is currently 
1.5-fold higher than in the urban areas [11, 18]. Unemployed 
subjects and low-income groups often have suspended medical 
insurance. Private health care is expensive and the result is a 
neglect of most medical non-emergencies. The authors of two 
other studies reach similar conclusions, linking the diabetes 
prevalence to regional social and economic factors including 
unemployment [19, 20]. They observed higher diabetes preva-
lence with increasing unemployment rate. Green et al found 
further association between diabetes distribution and some in-
dices of low socio-economic status, environment pollution and 
unhealthy lifestyle [21].

An interesting approach was taken by Maier et al [22]. 
They studied the association in a large sample of German 
population of the prevalence of diabetes and obesity with a 
complex factor: area level deprivation. The latter was assessed 
by the German index of multiple deprivation (GIMP) which 
comprises several domains of deprivation: income, educa-
tion, employment, municipal revenue, social capital, environ-
ment and security. The authors observed that a higher level of 
area deprivation was associated with a higher prevalence of 
diabetes and obesity, independently of the education or other 
personal risk factors. Our findings lead to similar conclusions, 
though we did not include a comparable measurement tool in 
our study. The regression model however suggested that obe-
sity as measured by the WC was a major contributor to the 
diabetes prevalence. Furthermore, we observed an inverse re-
lationship of the WC with the education level with lower fig-
ures among the university graduates and higher in the subjects 
with elementary school degree (unpublished data). Therefore, 
it might be speculated that lower education level and lower so-
cio-economic class lead to higher abdominal obesity through 
poorer dietary habits - higher fat, carbohydrate and junk food 
intake, less exercising and lower awareness of the health out-
comes of obesity.

Some additional risk factors might be suspected to play a 
role for the observed results. Alcohol consumption, smoking 
and decreased physical activity increase with unemployment, 
low income and lower education level. As a result, chronic 
morbidity also rises. It might be presumed that diabetes is only 
one of the possible adverse outcomes - the life expectancy ta-
bles for the Bulgarian population show approximately 2 years 
shorter life expectancy for the rural than the urban population 
[11].

The regression model however suggested that the place of 
residence lost its significance as a predictor of diabetes when 
the model controlled for age and abdominal obesity as meas-
ured by the WC. A more complex association with an interplay 
of multiple factors might be presumed.

Our study has certain limitations. First of all, the question-
naire model of data collection cannot guarantee the accuracy 
of the responder-filled information. We believe that an under-
reporting of risk factors exists. Therefore, other tools such as 
primary care registry analysis would be advantageous. Fur-
thermore, only 41 subjects in our study reported being cur-
rently unemployed. Our opinion is that the unexpectedly low 
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number is the result of underreporting; therefore, we decided 
not to use the data.

Conclusion

In conclusion, we observed a significantly higher diabetes 
prevalence among the rural population, probably as a result of 
the interaction of multiple and complex social, personal and 
health care factors. Therefore, the rural population should be 
specifically targeted in future diabetes prevention and early 
detection programs. Further research on a wider range of risk 
factors might throw more light on the complex mechanisms 
underlying the observed associations.
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