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ABSTRACT

Introduction. Type 2 DM accounts for over 95% of all diabetes cases worldwide and represents an important and inde-
pendent cardio-metabolic risk factor. This is the first national study (Epidemiological study of widespread endocrine pa-
thologies (diabetes, obesity) in the Republic of Moldova and its management strategy) that analyzes the prevalence of type 2
diabetes mellitus (DM), prediabetes, obesity, and dyslipidemia in the adult population of Moldova.

Material and methods. This is an epidemiological cross-sectional study with cluster random sampling. A face-to-face
interview was conducted with the participants using a pre-tested semi-structured questionnaire. All biochemical tests
were performed in a certified laboratory. Statistical analysis used Spearman’s correlation test, chi-square, and Wilcoxon
tests. The Research Ethics Committee of Nicolae Testemitanu State University of Medicine and Pharmacy (Minutes 3 from
December 28 2020) approved this study.

Results. 728 individuals were enrolled, of which 2.5% had unknown DM. Advanced age, obesity, and dyslipidemia were
influencing factors for diabetes. 21.4% of participants had prediabetes, with a higher prevalence in men than in women
(28.3 % versus 18.9 %). Only 23.2% of men and 30.4% of women had a BMI within the normal range. Abdominal circum-
ference (AC) values greater than 102 cm and 88 cm in men and women, respectively, were determined in 39.4% of men
and 53.8% of women.

Conclusions. Our study showed an increased prevalence of carbohydrate metabolism disorders, including prediabetes, as
well as a high prevalence of abdominal obesity. Persons with unknown diabetes mellitus have been identified.
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Key messages

What is not yet known on the issue addressed in the submitted
manuscript

There are no data on the prevalence of prediabetes or newly
diagnosed cases of diabetes mellitus in the Republic of Moldova,
detected through the active investigation of people with and
without risk factors.

The research hypothesis

Carbohydrate and lipid metabolism disorders are underdiagnosed
in the apparently healthy population of the Republic of Moldova.
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The novelty added by the manuscript to the already published
scientific literature.

Data regarding new, actively detected cases of diabetes and
prediabetes were obtained.

Introduction

Diabetes mellitus (DM) is a complex and heterogeneous
syndrome, induced by the genetic or acquired disorder of
insulin secretion and/or the resistance of peripheral cells to
insulin action, which induces profound changes in protein,
carbohydrate, lipid, and hydro-saline metabolism. The men-
tioned disorders are the basis for the appearance of a wide
spectrum of chronic complications, which can affect all tis-
sues and organs [1]. Type 2 DM accounts for over 95% of all
diabetes cases worldwide [2] and represents an important
and independent cardio-metabolic risk factor.

Prediabetes is the change in carbohydrate metabolism
that includes alterations in fasting glucose and/or glucose
tolerance [2]. People with prediabetes have a high risk of
developing type 2 DM in the future. Additionally, they have
an increased risk of developing diabetes complications and
cardiovascular disease.

Diabetes currently has no known single cause, but cer-
tain factors such as advanced age, obesity, dyslipidemia, a
sedentary lifestyle, and genetic factors are implicated in the
development of type 2 DM in most populations [3]. Chronic
hyperglycemia is associated with long-term microvascular
(neuropathy, retinopathy, and nephropathy) and macrovas-
cular (ischemic heart disease, stroke, peripheral vascular
disease) complications. In the absence of early diagnosis
and effective treatment, DM complications can advance to
severe stages [4]. DM comorbidities lead to a substantial de-
crease in the quality of life, as well as significant socio-eco-
nomic consequences [5]. According to the 2019 Global
Burden of Diseases, Injuries, and Risk Factors Study (GBD)
estimates, diabetes was the 8th leading cause of death and
disability in the world in 2019 [6]. In 2019, 6.7 million
DM-related deaths were reported, which corresponds to
one death every 5 seconds. DM is also a major risk factor
for ischemic heart disease and stroke, which were estimat-
ed by the GBD in 2019 to be the first and second leading
causes of global disease burden, respectively [6, 7]. DM rep-
resents a substantial burden on health care systems [8, 9],
with estimates from the International Diabetes Federation
indicating that 537 million people worldwide had diabetes
in 2021, resulting in healthcare costs of 966 billion USD [2].
Globally, it is predicted to reach over 1054 billion USD by
2045 [10, 2]. It is considered that 1 in 2 persons with diabe-
tes is undiagnosed [2].

In 2023, the health system in the Republic of Moldova
(RM) had records of 131,550 people with DM. It is estimat-
ed that 21% of cases are undiagnosed [11]. Data on the
prevalence and incidence of DM and prediabetes are limited
due to the lack of studies in this direction.

Material and methods

This is the first cross-sectional epidemiological study
(Epidemiological study of widespread endocrine pathologies
(diabetes, obesity) in the Republic of Moldova and manage-
ment strategy) that analyzes the prevalence of DM, predia-
betes, and dyslipidemia in the population of RM. The data
were collected between June 2020 and June 2023 and in-
cluded 748 people from north, south, and center regions of
RM, randomly chosen from the registers of general practi-
tioners (GP). Individuals over 18 years of age who volun-
tarily expressed their willingness to participate in the study
and signed the consent form represented the inclusion cri-
teria. Exclusion criteria were refusal to participate in the
study, age up to 18 years, pregnancy, and lactation.

Prior to data collection, written informed consent was
obtained from each study participant. Ethical approval was
obtained from the Research Ethics Committee of Nicolae Te-
stemitanu State University of Medicine and Pharmacy (Min-
ute 3 from December 28 2020).

The aim of the study was to assess the prevalence of dia-
betes and obesity in the adult population of RM. The objec-
tives consisted of assessing the spectrum of carbohydrate
and lipid metabolism disorders and their association with
well-known risk factors for diabetes and obesity, as well as
evaluating the nutritional status in the general population
of RM.

Social and demographic data (age, sex, marital status,
educational level, ethnicity) and behavioral characteristics
(smoking, physical activity, nutritional habits), personal or
familial history of DM, and comorbidities were collected
through face-to-face interviews applying a pre-tested and
semi-structured questionnaire.

Anthropometric parameters were measured in each
participant using standardized techniques and calibrated
equipment. Body mass index (BMI) was calculated by divid-
ing weight in kilograms by the square of height in meters.
Obesity, overweight and normal weight were defined as BMI
> 30 kg/m?, 25 - 29.9 kg/m? and 18.5 - 24.9 kg/m? respec-
tively. Abdominal circumference (AC) was assessed with a
centimeter tape at the level of the navel. AC values > 94 cm
for men and > 80 cm for women were considered increased,
according to WHO [12]. Systolic blood pressure and diastol-
ic blood pressure were measured in a sitting position on the
right arm using a calibrated tonometer. Hypertension was
defined as systolic blood pressure (SBP) = 140 mmHg and/
or diastolic blood pressure (DBP) = 90 mmHg.

Participants were instructed to fast for at least 8 hours
prior to laboratory testing. Biological samples of 3-5 ml of
venous blood were collected using a simple vacutainer tube.
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The blood sample was allowed to clot at room temperature
and centrifuged at 3000 rpm for 10 minutes and tested in an
accredited laboratory. The fasting blood glucose level was
determined using the spectrophotometric method, and the
hemoglobin Alc (HbAlc) level was determined using the
immunoturbidimetric method.

The diagnosis of DM was established based on the diag-
nostic criteria of the American Diabetes Association: HbAlc
> 6.5%, fasting glucose (FG) 2 7 mmol/l, blood glucose 2h
after the oral glucose tolerance test (OGTT) = 11.1 mmol/],
or the presence of diabetes history reported by the patient.
The diagnostic criteria for prediabetes were: HbAlc value
between 5.7 and 6.4%, FG - 5.6 - 6.9 mmol/], blood glucose
2 hours after OGTT 7.8 - 11 mmol/l.

Data quality was ensured by using a pre-tested
semi-structured questionnaire, providing training for the
data collector, and active involvement of senior research
scientists in the data collection process. The questionnaires
were checked for consistency, clarity, and accuracy. Physical
measurements were taken twice, and in some cases three
times, to minimize observer bias in data measurement and
recording.

Wilcoxon test = 56865.5, p = 0.082

80-

60 -

Only 23.2% of men and 30.4% of women had a BMI
within the normal range, 41.4% of men and 33.8% of
women had a BMI within the range of 25 - 29.9 kg/ m?,
which corresponds to overweight. In the group of people
with BMI corresponding to class I obesity (30 - 34.9 kg/
m2), there were 24.7% men and 20.6% women. Class II
obesity (BMI 35 - 39.9 kg/m2) was present in 8.6% men
and 8.9% women, and BMI > 40 kg/m2, corresponding to
class III obesity, was determined in 0.5% men and 2.6%
women (Tab. 1).
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Statistical analysis was performed using RStudio (R-4.3.2
for Windows. The R-project for statistical computing), an in-
tegrated development environment for the R programming
language. Descriptive statistics for numerical data included
mean and standard deviation, categorical data being pre-
sented as absolute and relative frequencies, completed by
95% confidence intervals. Comparative evaluation among
the groups for continuous features was performed by Wil-
coxon non-parametric test for two independent groups.
Spearman’s rank correlation test was used as a measure for
estimated associations. For all mentioned statistical tests,
the type I error rate was considered as 0.05.

Results

So far, 748 people have participated in the study, and 728
people from 7 municipalities and districts of the Republic of
Moldova, randomly chosen from the registers of GPs, were
included in the data analysis. 20 people (2.7%) were exclud-
ed from the study due to incomplete data. Of the 728 people,
198 were men and 530 were women, with an average age of
47.14+12.65 years (Fig. 1).

Fig. 1 Age distribution of the studied
group.
Boxplot with “jitter”.

Note: Comparative evaluation of age
among women and men shows that there
is no difference between them (Wilcoxon
test = 56865.5, p = 0.082). Abbreviation:
M - men, W -women.

Table 1. Body mass index in the investigated persons, absolute number
(%)-

Variable M,n =198 95% CI W, n =530 95% CI
BM], kg/m?

<18.5 3(1.5%) 039%-47% 20(3.8%) 2.4%-59%
18.5-24.99 46 (23.2%) 18%-30% 161 (30.4%) 27%-35%
25-29.99 82 (41.4%) 35%-49% 179(33.8%) 30%-38%
30-34.99 49 (24.7%) 19%-31% 109 (20.6%) 17% - 24%
35-39.99 17 (8.6%)  5.2%-14% 47 (89%) 6.7%-12%
>40 1(0.5%) 0.03%-32% 14 (2.6%) 1.5%-4.5%

Note: BMI - Body mass index, M - Men, W - Women, CI - Confidence
Interval.
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AC greater than 94 cm (men) and 80 cm (women) was
present in 73.7% of men and 76% of women. AC values
greater than 102 cm and 88 cm in men and women, respec-
tively, which correspond to abdominal obesity, were deter-
mined in 39.4% of men and 53.8% of women (Tab. 2).

Table 2. Abdominal circumference in the investigated persons, absolute
number (%).
Variable
Abdominal
circumference, cm
<80cm (W)and 52(263%) 20%-33% 127 (24.0%) 20%-28%
<94 cm (M)

M,n=198 95% CI W,n=530 95% CI

80-88 cm (W), 68(34.3%) 28%-41% 118(22.3%) 19%-26%
94-102 cm (M)

>88 cm (W), 78(39.4%) 33%-47% 285(53.8%) 49%-58%
>102 cm (M)

Note: M - Men, W - Women, CI - Confidence Interval

A positive correlation was determined between BMI and
age (Spearman’s rank correlation rho=0.2/0.3, in men/wom-
en,p<0.01),as well as between AC and age (Spearman’s rank
correlation rho=0.44/0.31 in men/women, p < 0.001).

The number of DM cases diagnosed for the first time
during the study was 2.5% (18 people), with an equal gen-
der distribution, while 21.4% of the participants had pre-
diabetes, with a gender distribution as follows: 28.3% (56)
men and 18.9% (100) women. A positive correlation was
determined between the increased value of blood glucose
and age (Spearman’s rank correlation rho=0.33/0.35, men/
women, p < 0.01) in both sexes.

The risk of developing DM, assessed using the FINDRISC
questionnaire, was found to be reduced (<7) in 64 (32.3%)
men and 180 (34.0%) women. Slightly increased risk (7-11)
was present in 77 (38.9%) men and 172 (32.5%) women.
Moderately increased risk (12-14) was presentin 30 (15.2%)
men and 74 (14.0%) women, and high risk in 20 (10.1%)
men and 90 (17.0%) women. 7 (3.5%) men and 14 (2.6%)
women fell into the very high risk category (FINDRISC >20).

Discussion

This is the first epidemiological study that analyzes the
prevalence of DM, prediabetes, and dyslipidemia in the pop-
ulation of RM. At this stage of the study, 2.5% of new cases
of DM were detected. The prevalence of prediabetes was
21.4%, positively correlated with age, being higher in men,
similar to the data reported in other studies [13, 14].

The PREDATORR study, led by M. Mota et al., reported
similar data regarding the number of new cases of diabetes
- 2.4%, and the prevalence of DM - 11.6% [15]. The prev-
alence of prediabetes was 16.5% in the Romanian popu-
lation, which is lower compared to the results reported in
our study (21.4%). In 2021, the IDF reported a 10 % glob-
al prevalence of DM and 6% on average for the European
Union (EU). According to the same source, the prevalence of
DM in RM is 5.6% [2].

Obesity is a disease with a major negative impact on
health. Obesity predisposes to a wide range of diseases that
are often interconnected, leading to an increased risk of
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simple (two comorbid diseases) and complex (four or more
comorbid diseases) multimorbidity in these individuals,
compared to healthy-weight individuals [16]. Abdominal
obesity is one of the main components of metabolic syn-
drome [17] and is an independent risk factor for various
non-communicable diseases, such as cardiovascular dis-
ease, type 2 DM, hypertension, and cancer [18, 19]. AC is
associated with cardiovascular and all-cause mortality [20].
At the same time, AC is a simple anthropometric measure-
ment that can be easily performed in resource-limited set-
tings and could help screen for cardiometabolic risk [21]. In
our study, the prevalence of abdominal obesity was higher
among women (76% versus 73.7%) and increased with age,
similar to reports from other countries [20, 22].

This study has strengths and limitations. The strengths
are the large sample size and the fact that all biochemical
analyses were performed in the same certified laboratory.
Selection bias is the limitation of the study.

Diabetes mellitus and obesity are a burden on the health
system due to the complications of these diseases and as-
sociated pathologies, such as major cardiovascular events,
debilitating complications, and high costs of hospitalization
and treatment. Campaigns aimed at preventing diabetes
and obesity must be enforced at the national level along-
side general strategies for non-communicable diseases that
share similar risk factors. These programs should address
key risk factors: promoting healthy eating and physical ac-
tivity, reducing excess weight, cessation of smoking, and re-
ducing alcohol consumption.

Conclusions

Our study showed an increased prevalence of carbohy-
drate metabolism disorders, including prediabetes, as well
as a high prevalence of abdominal obesity. DM is significant-
ly associated with universally recognized risk factors: over-
weight, obesity, and dyslipidemia. Persons with unknown
diabetes mellitus have been identified. Therefore, targeting
strategies to control and prevent modifiable risk factors as-
sociated with DM and prediabetes through health promo-
tion measures can contribute to reducing the prevalence
and complications of DM. Further studies are needed to ap-
preciate the real extent of the diabetes epidemics.
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