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ABSTRACT  

The epidemic of obesity that parallels diabetes mellitus and its complications are diseases of major concern to 

modern societies. Community-based screening is an effective strategy to identify people at high risk of developing 

overweight, obesity, prediabetes, diabetes, and related health problems. Here, we present the results of screening 

the population of four locations in the Ivano-Frankivsk region (Western Ukraine). The study group consisted of 

400 adults and 252 children. The measured parameters were: (1) main vital signs – body temperature, resting heart 

rate, blood pressure; (2) anthropometric indicators – body mass and height, body mass index, waist circumference; 

and (3) metabolic parameters – fasting capillary blood glucose, total body fat, visceral fat, physical activity level 

and 10-year risk of developing type 2 diabetes. The study found that 23 % of the adults were overweight and 

14.8 % obese. Among children, 9.9 % were overweight and 8.7 % obese. Adult body mass index correlated with 

visceral fat percentage, systolic/diastolic blood pressure and levels of fasting capillary blood glucose. Adults over 

18 years of age had fasting capillary blood glucose ≥5.6 mmol/L (14.3 %), including those with undiagnosed pre-

diabetes (13.3 %) and suspected diabetes mellitus (1.0 %). The percentage of visceral body fat in adults was pos-

itively associated with the 10-year risk of developing type 2 diabetes. 
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Abbreviations 

BMI body mass index  

FBG fasting capillary blood glucose 

SBP systolic blood pressure 

DBP diastolic blood pressure 

T2DM type 2 diabetes mellitus 

IFG impaired fasting glucose (IFG) 

INTRODUCTION  

Obesity increases the risk of chronic non-

communicable diseases such as diabetes 

mellitus, cardiovascular diseases, and cancer, 

that represent a major health burden world-

wide and are the main cause for mortality in 
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the world (Seidell and Halberstadt, 2015). Ac-

cording to the World Health Organization 

(WHO), at least 2.8 million people die each 

year because of overweight and related health 

problems. This number continues to increase 

and by 2025, approximately 167 million indi-

viduals (both adults and children) will be-

come less healthy because they are over-

weight or obese. The populations of Polynesia 

and Micronesia as well as high-income Eng-

lish-speaking countries have the highest aver-

age body mass index (BMI) in the world with 

large numbers of adults classified as severely 

obese (Jaacks et al., 2019). In Central Europe, 

20-24 % of the adult population is obese 

(Dereń et al., 2018; Jaacks et al., 2019). Ac-

cording to the State Committee of Statistics of 

Ukraine, in the year 2020, 39.7 % of adults 

over 18 years were considered overweight 

and 16 % obese, with 0.7 % classified as ex-

tremely obese. Traditional markers of obesity 

like BMI vary based on region of Ukraine. 

The highest percentage of people with obesity 

(23.1 %) was in the Chernihiv region, where-

as the lowest percentage (12.0 %) was in the 

Rivne region. In the Ivano-Frankivsk region, 

14 % of people were assessed as obese and 

45.0 % of them were overweight.  

Obesity, especially visceral adiposity is 

closely associated with T2DM, that is a major 

public health problem in the world. The num-

ber of patients with diabetes mellitus con-

stantly increases. According to WHO, in 2016 

approximately 8.5 % of the world’s popula-

tion suffered from diabetes mellitus. Between 

2000 and 2019, there was a 3 % increase in 

diabetes mortality rates by age. More than 420 

million individuals have diabetes mellitus, 

and this number is predicted to rise to 578 

million by 2030, and to 700 million by 2045. 

In Ukraine, the number of diabetic patients in 

2016 has reached a mean of 9.1 % (8.3 % 

males and 9.7 % females) of the overall adult 

population (Kaminskiy, 2017). Therefore, the 

prevention of diabetes is critically important 

along with the management of the disease. 

Evidence suggests that early detection of dia-

betes by appropriate screening methods is 

among the most effective strategy to slow 

down the progression of the disease burden. 

Unfortunately, there is no data available on 

overweight and obesity in Ukraine for the last 

several years. Therefore, in this study we 

screened the population of the Ivano-Frank-

ivsk region of Ukraine to determine the prev-

alence of obesity and diabetes.  

 

METHODS 

Two cities (Ivano-Frankivsk and 

Burshtyn) and three villages (Stetseva, Piilo, 

and Tysmenychany) of Western Ukraine were 

screened between August 2021 and March 

2022. A total of 652 individuals that included 

400 adults 18-79 years old and 252 school-

children 7-17 years old, were screened. The 

study was conducted in randomly selected 

secondary and high schools in the Ivano-

Frankivsk region. Inclusion criteria included 

obtaining informed consent from each partic-

ipant. All children from the selected groups 

were invited to participate in the study and pa-

rental granted permission was received for 

participation of their children in the study.  

The parameters measured were: (1) main 

vital signs – body temperature, resting heart 

rate, blood pressure; (2) anthropometric indi-

cators – body mass and height, body mass in-

dex (BMI), waist circumference; (3) meta-

bolic parameters – fasting capillary blood glu-

cose (FBG), total body fat, visceral fat, phys-

ical activity level, and 10-year risk of devel-

oping T2DM was calculated. Blood pressure 

was measured using a validated automatic 

blood pressure monitor Omron MIT 3 (HEM-

7270-E) according to the recommendations 

and criteria of the 2021 European Society of 

Hypertension practice guidelines for office 

and out-of-office blood pressure measure-

ments (Stergiou et al., 2021). Body mass and 

height were measured using mobile scales 

OMRON BF-511 (HBF-511-B-E) and ТВЕ 

1-200-100, respectively. For the adult popula-

tion, the BMI was calculated as body mass in 

kilograms divided by height squared in me-

ters. The following criteria for BMI according 

to WHO recommendations were used: below 

18.5, underweight; 18.5-24.9, healthy weight; 
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25.0-29.9, overweight; 30.0-34.9, obesity 

class I; 35.0-39.9, obesity class II, and above 

40, obesity class III. For children waist cir-

cumference, body mass, and height were 

measured and BMI was calculated. These val-

ues were interpreted using the WHO BMI-

for-age percentile and waist circumference-

for-age charts for boys and girls. FBG was 

measured in the adult population using an au-

tomatic portable glucometer SD Biosensor 

Standard LipidoCare, validated by the FDA. 

Criteria defining prediabetes were used based 

on the ADA 2021 guideline Standards of 

Medical Care in Diabetes-2021: a fasting 

plasma glucose (FPG) ranging from 5.6 

mmol/L (100 mg/dL) to 6.9 mmol/L (125 

mg/dL) (impaired fasting glucose). 

The 10-year risk of T2DM development 

was determined using the Finnish Diabetes 

Risk Score (FINDRISC) (Makrilakis et al., 

2011). This included anthropometric, meta-

bolic, and lifestyle factors, such as age, BMI, 

waist circumference, gender, use of blood 

pressure-lowering medication, history of high 

blood glucose, physical activity <4 hr/week, 

daily consumption of vegetables, fruits, or 

berries, and family history of T2DM. The 10-

year risk of T2DM development was graded 

in points and corresponding risk percentages, 

respectively, as follows: very low – 0-3 

[(0.3 % (males) or 0.1 % (females)]; low – 4-

8 [(0.8 % (males) or 0.4 % (females)]; moder-

ate – 9-12 [(2.6 % (males) or 2.2 % (fe-

males)]; high – [ 23.1 % (males) or 14.1 % 

(females)]; very high – >21 (~ 50 %). Physi-

cal activity level for adults was determined 

using the International Physical Activity 

Questionnaire (IPAQ), which contains 7 

questions, and MET-min/week (metabolic 

equivalent (MET)-minutes per week), calcu-

lated as the MET intensity multiplied by the 

minutes for each activity over the seven-day 

period (Maddison et al., 2007). Physical ac-

tivity for children was determined using the 

Youth Activity Profile (YAP) questionnaire, 

containing 15 questions with a 5-point scale 

gradation (Welk et al., 2023).  

Statistical analyses were performed using 

Excel software. The normality, Student's T-

test, Mann-Whitney U test, Pearson correla-

tion, standard deviation, and 95 % confidence 

intervals were calculated. 

 

RESULTS 

Figure 1 demonstrates that the proportion 

of participants in the pediatric group with nor-

mal body weight is 81.4 %. However, 18.6 % 

of schoolchildren were found to be over-

weight or obese. Overweight (BMI percentile 

85 – 95) or obesity (BMI percentile ≥ 95) was 

found in 9.9 % and 8.7 % respectively of the 

252 children screened. According to the YAP 

questionnaire completed in the pediatric 

group, children with normal BMI had a higher 

level of physical activity than the overweight 

or obese children (3.35±0.08 and 3.10±0.19 

respectively, p˂0.05). 

 

 

Figure 1: The prevalence (%) of overweight or 
obesity among two age groups: adult and pediat-
ric populations in the Ivano-Frankivsk region  

 

Figure 1 also shows that the proportion of 

participants in the adult group (400 adults 

screened) with normal body weight was 

62.2 % and the proportion of individuals that 

were overweight or obese was 37.8 %. Of the 

latter group, overweight (BMI 25.0-29.9) or 

obese (BMI ≥ 30) individuals comprised 

23 % and 14.8 % of the 400 adults, respec-

tively. There were no statistically significant 

differences in the physical activity levels of 

individuals from the normal BMI, over-
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weight, and obesity groups according to the 

IPAQ questionnaire results.  

The BMI in adults correlated with visceral 

fat percentage (r=0.638). The average age of 

adult participants based on body mass was as 

follows: normal body mass group: 26.5 years 

old, the overweight group: 44.2 years old, and 

obesity group: 49.2 years old. In addition, 57 

individuals (14.3 %) showed FBG ≥5.6 

mmol/L, including 53 individuals (13.3 %) 

with undiagnosed prediabetes [FBG from 5.6 

mmol/L (100 mg/dL) to 6.9 mmol/L (125 

mg/dL)] and 4 individuals (1.0 %) with sus-

pected DM (FBG ≥7.0 mmol/L) were found. 

The impaired fasting glucose (IFG) 

among adults correlated with the increase in 

BMI, from 15.8 % in the normal body mass 

cohort to 35.1 % in the overweight cohort and 

49.1 % in the obese cohort (24.5 %, 15.8 %, 

and 8.8 % in I, II and III obesity groups, re-

spectively) (Table 1). The FBG levels were 

5.0±0.1; 5.4±0.2, and 5.8±0.2 in normal BMI, 

overweight, and obesity groups, respectively. 

We also found that 48 (84.2 %) of 57 individ-

uals with FBG in a prediabetic range were ei-

ther overweight or obese.  

 
Table 1: The prevalence (absolute and percent-
age) of IFG among the adult population of Ivano-
Frankivsk region with normal body mass and high 
BMI 

Parameter 

No. of  
persons 
with IFG 

Percent-
age 

Normal body weight cohort 9 15.8 

Overweight (BMI 25-29.9) 20 35.1 

Obesity (BMI ≥ 30) 28 49.1 

Obesity class I 14 24.5 

Obesity class II 9 15.8 

Obesity class III 5 8.8 

IFG, impaired fasting glucose 

Elevated systolic blood pressure (SBP) 

and/or diastolic blood pressure (DBP) were 

found in 78 adult participants (19.5 %). The 

values corresponding to grades I, II, and III 

hypertension were detected in 50 (12.5 %), 16 

(4 %), and 12 (3 %) adult individuals, respec-

tively (Table 2). In our study, a higher BMI 

was associated with higher SBP and DBP. 

Pearson correlation analysis showed that BMI 

correlated with SBP (r = 0.485) and DBP (r = 

0.463). The average systolic blood pressure 

(SBP) in the normal BMI group (118±2) was 

lower than in the overweight group (131±5) 

and the obesity group (139± 6), (p˂0.001). 

The average diastolic blood pressure (DBP) in 

a normal BMI group was lower (78.9 ± 1.4) 

than in the overweight group (85.4±2.3) or the 

obesity group (90.1 ±3.0), (p˂0.001). In the 

adults examined, the BMI correlated with 

SBP and DBP (r =0.48 and 0.46 respectively).  

Using the Finnish Diabetes Risk Score 

(FINDRISC) 243 adults were screened. 

Among them, 29 (11.9 %) individuals were 

found to have normal FBG but had an in-

creased 10-year risk of T2DM development: 

24 (9.9 %) showed moderate risk (M), 4 

(1.6 %) showed high risk (H) and 1 (0.4 %) 

had very high risk (VH) (Table 3). 

The correlation between factors such as 

being overweight/obese, body visceral fat 

percentage, and 10-year risk of T2DM devel-

opment based on FINDRISC was also exam-

ined. Overweight/obesity may increase the 

10-year risk of T2DM development and a 

positive correlation between BMI and 10-year 

risk of T2DM development (r=0.503) was ob-

served. The body visceral fat percentage and 

the total body fat content correlated positively 

with the 10-year risk of T2DM development 

(r=0.558 and 0.310), respectively. 

 

 
Table 2: The prevalence (absolute and percentage) of systolic and/or diastolic blood pressure in adults  

Indicator No. of persons Percentage 

Elevated SBP/DBP, total number 78 19.5 

Elevated SBP/DBP, Grade 1 arterial hypertension 50 12.5 

Elevated SBP/DBP, Grade 2 arterial hypertension 16 4.0 

Elevated SBP/DBP, Grade 3 arterial hypertension 12 3.0 

SBP, systolic blood pressure; DBP, diastolic blood pressure  
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Table 3: The prevalence (absolute and percentage) of adults with normal fasting capillary blood glucose 
(FBG) and a 10-year risk of diabetes mellitus development  

Indicator No. of persons Percentage 

Moderate 10-year risk of diabetes development (M) 24 9.9 

High 10-year risk of diabetes development (H) 4 1.6 

Very high 10-year risk of diabetes development (VH) 1 0.4 

Ten-year risk of diabetes development (Total M+H+VH) 29 11.9 

 
 

DISCUSSION  

Overweight and obesity are defined as ex-

cessive accumulation of fat that can affect 

health. These conditions are caused by an in-

crease in size and, to a lesser extent, the num-

ber of fat cells (adipocytes) in the body. The 

latter leads to several metabolic complica-

tions, collectively known as "metabolic syn-

drome", and many associated pathologies 

(Wang and Lobstein, 2006; Semchyshyn, 

2017; Arhire et al., 2019; Goodarzynejad et 

al., 2022).  

Approximately 30 % of children in Eu-

rope are overweight, and about a quarter of 

them are obese. Among Ukrainian children, 

20.0 % and 4.1 % are overweight and obese, 

respectively (Dereń et al., 2018). As for West-

ern Ukraine, in 2017, the prevalence of over-

weight among school children in Ternopil re-

gion was 11.1 %, and obesity was 4.8 % 

(Pavlyshyn et al., 2017). In this study, we also 

observed an increase in the trend of obesity 

among school children in the Ivano-Frankivsk 

region of Western Ukraine with 9.9 % being 

overweight and 8.7 % obese. At the same 

time, children with normal body mass were 

somewhat more physically active and had a 

higher index of physical activity (3.30 vs. 

3.15, respectively) than overweight or obese 

children. As mentioned above, obese children 

and adolescents are more likely to remain 

obese into adulthood (Wang and Lobstein, 

2006; Vaiserman, 2011; Spencer, 2012). In 

the development of obesity, special attention 

is focused on the periods of pre-school and 

adolescence that are considered as high-risk 

periods for the development and persistence 

of obesity (Wang and Lobstein, 2006; Dereń 

et al., 2018; Goodarzynejad et al., 2022). 

Strategies to prevent and manage weight gain 

in adulthood may need to tailor interventions 

to take into account past exposure to multiple 

socioeconomic disadvantages experienced in 

childhood (Caleyachetty et al., 2021). 

In the target groups studied, overweight 

and obesity were more common in adults 

(23 % and 14.8 %, respectively) than in chil-

dren and their prevalence tends to increase 

with age. According to the results of the IPAQ 

questionnaire, overweight and obese adults 

demonstrated physical activity similar to the 

normal weight group, however overweight 

and obese people consumed more foods high 

in carbohydrates and fats. Our data corres-

pond well to well-known causes of obesity in 

children and adults, such as increased calorie 

intake and/or a sedentary lifestyle (Niu et al., 

2019). However, we did not investigate the 

full etiology of obesity in our subjects and 

cannot rule out other possible causes for its 

development, such as neuroendocrine or ge-

netic disorders, psychological factors, medi-

cation use, social issues, etc. 

Anthropometric markers of obesity in the 

general population are satisfactory enough to 

be used in risk assessment for the develop-

ment of obesity-related metabolic disorders, 

including insulin resistance and T2DM 

(Rathnayake et al., 2017). Previously it has 

been shown that each increase in the standard 

deviation of visceral fat content increased the 

odds of being insulin resistant by 80 %, and 

the insulin resistant subgroup of participants 

had significantly higher FBG (McLaughlin et 

al., 2011). In our work, we observed that the 

10-year risk of developing T2DM can be in-

creased by being overweight or obese and by 

the amount of visceral fat in the body. Fur-

thermore, FBG levels were higher in the over-

weight and obese groups than in the normal 

BMI group. The prevalence of IFG in adults 
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increased with increasing BMI. Prediabetes is 

often underdiagnosed. In our study, 13.3 % of 

adults reported having previously undiag-

nosed prediabetes. In addition, 19.5 % had el-

evated SBP and/or DBP. Individuals in the 

overweight and obese groups had signifi-

cantly higher SBP and/or DBP than people 

with a normal BMI. An increase in BMI was 

positively correlated with SBP and DBP and 

11.9 % of adults with currently normal BMI 

had an increased 10-year risk of developing 

T2DM. There was a positive association be-

tween BMI and the 10-year risk of developing 

T2DM. The percentage of visceral body fat 

increased with an increase in total body fat 

and increased the 10-year risk of developing 

T2DM. Several studies have shown a positive 

correlation between hypertension and BMI as 

well as between elevated blood glucose levels 

and BMI (Gupta and Bansal, 2020; Gepner et 

al., 2021). The latest correlation can be ex-

plained by examining the etiology of diabetes.  

Numerous studies have shown that there 

is a strong and consistent association between 

obesity and T2DM. Adipocytes are key play-

ers between insulin and liver glucose output. 

Excessive abdominal obesity is associated 

with an increased concentration of free fatty 

acids (FFA) in the blood plasma. A surplus of 

circulating FFA may be accumulated in insu-

lin-sensitive tissues and impair the insulin ef-

fect. Increased basal lipolysis may also mod-

ify the secretory profile of adipose tissue, in-

fluencing whole-body insulin sensitivity 

(Gustafson, 2010; Morigny et al., 2016; 

Bayliak et al., 2019). Excessive FFA release 

may also worsen adipose tissue inflammation, 

a well-known process contributing to obesity 

and insulin resistance (Morigny et al., 2016).  

Our study had several limitations such as 

relatively low number of participants with 

classes II, III obesity, and suspected T2DM. 

Therefore, the results should be interpreted 

with caution when extrapolating them to a 

wider population. The higher prevalence of 

IFG among adults with high BMI could be in-

fluenced by a significant difference in the par-

ticipant ages (26.5 in the normal body weight 

group, 44.2 years old in the overweight group, 

and 49.2 years old in the obesity group). At 

the same time, the younger population tended 

to be more physically active. 

 

CONCLUSIONS AND PERSPECTIVES 

Our research in the Ivano-Frankivsk re-

gion confirms the general trend of metabolic 

diseases spreading in Ukraine and other Euro-

pean countries. The epidemic of overweight 

and obesity, which is behind the risk of diabe-

tes, is mostly caused by variations in two phe-

nomena that have emerged in modern society: 

changes in diet and decrease in physical activ-

ity. The population of Ivano-Frankivsk region 

is probably unaware of the devastating conse-

quences of unbalanced diets and lifestyles, 

due to combination of poor government poli-

cies, increased aggressive advertising of un-

healthy foods, poor health management, and 

prevention strategies. Today, most people in 

Western Ukraine are experiencing a shift in 

dietary patterns towards increased consump-

tion of energy-dense foods. This pattern, cou-

pled with the fact that a significant proportion 

of the population, particularly adolescents, do 

not meet the minimum recommended levels 

of physical activity, contributes significantly 

to the high rates of overweight/obesity and re-

lated co-morbidities. Therefore, an important 

task ahead of us is to educate the population 

and physicians about healthy lifestyles. 
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