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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This study investigated the relationships between specific 

biological factors and the risk of gestational diabetes mellitus 
(GDM). A retrospective case–control study was conducted in 
pregnant women with GDM and in healthy pregnant women 
who served as a control group. ABO and Rh blood groups, 
maternal age, pre-pregnancy and third-trimester body mass 
index (BMI), and first-trimester thyroid-stimulating hormone 
(TSH) and free thyroxine (FT4) levels were analyzed in both 
groups. Associations were assessed using the chi-square (χ²) test, 
together with odds ratios (OR) and 95% confidence intervals 
(CI). Our research shows no significant association between 
ABO or Rh blood groups and the risk of GDM. Advanced 
maternal age is a moderate risk factor for GDM (OR = 1.92, 
95% CI: 1.07–3.42, χ² = 8.16, p = 0.043). Elevated maternal 
BMI was strongly associated with GDM risk OR = 13.98. 95% 
CI: 4.8 – 40.9, χ² = 43.40, and P < 0.0001. FT4 imbalance was 
more prevalent among women with GDM (OR = 3.34, 95% 
CI: 1.72–6.55, χ² = 14.29, p = 0.0008). TSH alterations were 
associated with GDM to a lesser extent.

Our research shows that maternal age, BMI, and FT4 imbalance 
emerged as relevant risk factors for the development of GDM. 
ABO and Rh blood groups did not appear to be independent 
contributors to GDM. Early identification of such risk factors is 
essential for the timely management and prevention of GDM.

Key words. Body mass index, blood group, gestational 
diabetes mellitus, thyroid function.
Introduction.

Pregnancy is a normal physiological process that, in certain 
cases, is complicated by pathological conditions such as GDM, 
hypertensive disorders, miscarriage, preterm labor, placental 
disorders, hemolytic disease, infections, and anemia [1,2], etc. 
Each of these conditions has a genetic predisposition and/or 
nongenetic risk factors. One of the most common metabolic 
disorders of pregnancy is GDM, which is characterized by 
glucose intolerance and is typically first identified in the second 
and third trimesters of gestation. Numerous studies indicate that 
women with GDM have an approximately tenfold higher risk of 
developing type 2 diabetes mellitus (T2DM) than women with 
normoglycemic pregnancies, with T2DM generally manifesting 
10–20 years after delivery [3].

The molecular-biological and epidemiological mechanisms 
of GDM have not been fully studied. Although they have been 
characterized in certain populations, data remain limited in 
others, including Georgia. The prevalence of GDM has risen 
steadily in recent years. GDM is well known to be associated with 
advanced maternal age, and its risk increases with overweight 
and obesity; lifestyle is also a major potential contributor. 

The investigation of additional biological and clinical factors 
associated with GDM is therefore of considerable importance 
[4,5].

GDM is a multifactorial disorder driven by pregnancy-induced 
physiological insulin resistance together with an inadequate 
compensatory capacity of pancreatic β-cells. Genetic 
predisposition also contributes in some major cases, but genetic 
factors alone cannot account for the development of GDM or its 
individual clinical presentation. Various metabolic, hormonal, 
and other biological parameters play an important role in 
glucose regulation during pregnancy. Assessing these factors is 
valuable because several can be readily measured during routine 
clinical evaluation.

Thyroid hormones play a central role in regulating metabolic 
reactions in the living body. TSH and FT4 affect insulin 
sensitivity and glucose metabolism. The abnormal quantitative 
characteristics of hormones can cause various metabolic 
disorders that affect both maternal health and fetal development. 
This underscores the importance of studying the qualitative and 
quantitative characteristics of thyroid hormones [6]. 

Attention has also been directed toward other biomarkers. 
ABO and Rh blood groups may be associated with various 
disorders and metabolic and physiological characteristics, 
including inflammatory processes and metabolic risk profiles. 
The clear, detailed explanations of the mechanisms underlying 
these possible associations are not yet fully understood, and 
investigating these markers across different populations may 
provide further insight into the biological context of GDM.

Given the multifactorial nature of GDM and the 
potential interrelationships among biological parameters, a 
comprehensive assessment of clinically accessible indicators 
of maternal metabolic and hormonal status is warranted. The 
aim of the current study was to evaluate selected biological 
characteristics associated with GDM. Some of them are: ABO 
and Rh blood groups, thyroid hormones (TSH and FT4), and 
BMI. The integrated analysis of these factors is intended to 
improve understanding of the biological characteristics of GDM 
and to identify parameters that may play an important role in 
evaluating the course of pregnancy and perinatal outcomes.
Materials and Methods.

Possible risk factors for GDM were investigated using 
questionnaire data collected in 2024–2025. The "BAU - 
International Hospital, Batumi Clinic" and Batumi Shota 
Rustaveli State University bases were used to collect, analyze, 
and synthesize the research data. The study was approved by 
the Clinical Ethics Commission Order N°15/09/2024, I/C S/K 
445412152. This retrospective case–control study included 
220 pregnant women divided into two groups of 110: a control 
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group (healthy pregnant women) and a study group (women 
with GDM). Our control and research groups included 110-110 
pregnant women each. During the research process, scientific and 
clinical consultation was provided by a doctor-endocrinologist. 
Data collection began on September 20th, 2024, and continued 
for approximately 10 months, ensuring a consistent and diverse 
selection of cases.

The inclusion criterion for the control group was health status. 
The pregnant women in this group had no metabolic, endocrine, 
or other complex pathology. Women in the control group had 
normal glucose metabolism, and had no history or diagnosis 
of GDM during the index pregnancy. The inclusion criterion 
for the study group was clinically confirmed GDM, diagnosed 
on the basis of laboratory data and clinical assessment. In 
accordance with the American College of Obstetricians and 
Gynecologists (ACOG) guidelines and prenatal care protocols 
in Georgia, screening for gestational diabetes is performed at 
26 weeks' gestation. The pregnant woman is given a 50 g oral 
glucose load, and plasma glucose is measured 1 hour later. If 
the 1-hour glucose exceeds 140 mg/dL, a 100 g oral glucose 
tolerance test (OGTT) is performed. The 100 g OGTT includes 
a fasting glucose measurement and measurements at 1, 2, and 3 
hours after the load. Gestational diabetes is diagnosed if two or 
more of the four measurements are elevated.

Additional inclusion criteria were also determined, including 
normal pregnancy through the first trimester, as well as a 
separate criterion of adulthood (≥18 years) and written informed 
consent to participate in the research study. As for the exclusion 
criteria, they included chronic diseases, multiple pregnancies, 
and pre-diabetes. 

Both the group pregnant women and GDM women received 
antenatal care at the same clinic during the same study period. 
Controls were selected consecutively from the same source 
population as the cases to ensure comparability and to minimize 
selection bias. Other matching between groups was performed 
during the research. All pregnant women were under 18 years 
of age. For both groups, data were evaluated over the same 
gestational periods: BMI was assessed both before pregnancy 
and at 38–39 weeks of gestation, whereas thyroid hormones 
(TSH and FT4) were assessed only in the first trimester.

As noted, thyroid hormones were assessed only once, in the 
first trimester, in both groups. Ideally, they would also have 
been evaluated at other stages of pregnancy, and the absence 
of such data is a limitation of the present study. Under the free 
screening program of the Adjara health-care system, thyroid 
hormones are measured in all pregnant women during the first 
trimester; if a disorder is confirmed, treatment is initiated, and 
hormone levels are subsequently monitored in each trimester. 
Because these follow-up data were not available for the control 
group, a comparison across trimesters was not possible, and 
these data were therefore not analyzed.

The research questionnaire included demographic data 
of the pregnant women (age, body mass, and height) and 
immunogenetic biomarkers (ABO blood groups and Rh 
factors). Because one aim of the study was to assess the possible 
association between BMI and GDM, data on body mass and 
height were required. BMI index was calculated by the nurse at 
the clinic. In line with clinical protocol, the first measurement 

is recorded when the medical record is opened, using a device 
that measures height and weight simultaneously, and BMI is 
reassessed at different stages of gestation to monitor normal 
or excessive weight gain. The body mass index was calculated 
using a special formula: BMI=kg/m2, as we can see, the ratio of 
body mass (kg) to height (m2) is needed to calculate the body 
mass index.

The data on pregnant women were statistically processed. 
For comparative analysis, the χ² test and P value were used. 
This allowed us to determine the statistical significance of 
the differences between the groups under study. p < 0.05 is 
considered statistically significant. Odds Ratios (OR) were 
also calculated to quantify the extent to which a given factor 
increased or decreased the risk of GDM, using the formula OR 
= (a × d) / (b × c) for 2 × 2 category. The 95% CI measure was 
also derived using the logarithmic method: SE = √(1/a + 1/b + 
1/c + 1/d).

Processing of the received data was also carried out according 
to multivariable logistic regression, a special statistical program 
(Jamovi) was used for data processing.
Results.

A total of 110 pregnant women with GDM were studied. 
The disease was diagnosed at the 26th week of gestation. The 
gold standard for GDM diagnosis is 24–28 weeks of gestation, 
when the glucose tolerance test is performed [7]. This period 
of pregnancy is characterized by the maximum influence 
of placental hormones and a peak of physiological insulin 
resistance.

The distribution of ABO blood groups was studied both in 
the GDM and control groups. Among women with GDM, the 
O(I) blood group was found in 39.09±4.72% case (n=43), A(II) 
blood group in 46.36±4.76% case (n=51), and B(III) blood 
group in 10.91±3.09% case (n=12), AB(IV) blood group was 
observed in 3.64±1.86% case (n=4). The distribution of data in 
the control group, was as follows, namely: 50 pregnant women 
were found to have O(I) group (50±4.74%), A(II) group was 
found to 40 pregnant women (36.36±4.67%), B(III) blood 
group has 13 healthy pregnant women (11.82±3.20%), As for 
AB(IV) blood group only 2 pregnant women (1.82±1.33%) 
were observed. The prevalence of ABO blood groups among 
pregnant women with GDM and healthy pregnant women was 
statistically similar (Table 1).

The ABO/Rh blood group combinations were also analyzed. 
Among women with GDM, 35.45±4.65% had O(I)Rh+ 
blood group (n=39), and 3.64±1.86% had O(I)Rh− (n=4); 
41.82±4.75% had A(II)Rh+ (n=46) and 4.54±2.07% had A(II)
Rh− (n=5); 10±2.98% had B(III)Rh+ (n=11) and 0.91±0.94% 
had B(III)Rh− (n=1); and 3.64±1.86% had AB(IV)Rh+ (n=4). 
No case of AB(IV)Rh among the studied groups was observed 
(Table 2).

The distribution of ABO/Rh blood combinations in healthy 
pregnant women is as follows: the O(I)Rh+ blood group is 
the most prevalent (44.54±4.76%). O(I)Rh- blood group is 
distributed in 5.45±2.26% cases (n=6); A(II)Rh+ blood group 
combination is presented in 33.64±4.60% case (n=37), A(II)
Rh- in 2.73±1.62 (n= 3); B(III)Rh+ in 10±2.98% (n=11) and 
B(III)Rh− in 1.82±1.33%; 2 pregnant women hava AB(IV)Rh+ 
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(1.82±1.33%), No case of AB(IV)Rh− was observed (Table 2). 
Overall, the distribution of ABO/Rh blood groups was similar 
across the study cohort.

Participants were then categorized by age. In the GDM group 
there were 10 women aged 18–25 (9.09±2.86%), 59 aged 
26–35 (53.64±4.68%), 39 aged 36–45 (35.45±4.65%), and 
2 aged 46–55 (1.82±1.33%) out of the total number of GDM 
pregnant women. The distribution differed in the control group: 
5 women were aged 18–25 (4.54±2.07%), 79 were aged 26–35 
(71.82±3.88%), and 26 were aged 36–45 (23.64±4.18%). The 
advanced-age (46-55 years) category is absent from the healthy 
group. The result is statistically significant (Table 3).

For the Odds Ratio (OR) calculation, participants were 
dichotomized into those aged ≥35 years and those aged <35 
years. The data were distributed as follows: 69 women <35 
years in the GDM cohort and 84 in the healthy cohort. ≥35 years 
GDM - 41 and 29 in the healthy cohort (Table 4). OR=1.92 
(95% CI: 1.07 – 3.42). Maternal age ≥35 years was significantly 
associated with an increased risk of GDM (Table 4).

First-trimester TSH levels were within the normal range 
(0.2–2.5 mIU/L) in the majority of women in both groups: 
73.64±3.74% of women with GDM (n=81) and 79.09±3.21% 
of controls (n=87), indicating that thyroid function was 
largely preserved in both groups. TSH <0.2 mIU/L (an index 
predisposing to hyperthyroidism) is four times more common in 
those with GDM (3.64±1.87%) than in healthy pregnant women 
(0.91±0.95%). This may indicate that thyroid hyperactivity is 
relatively more frequent in GDM. TSH >2.5 mIU/L (subclinical 
hypothyroidism zone) was similar in the two groups, with a 
slight excess in women with GDM (22.72±4.12%) compared 
with healthy women (20±3.95%) (Table 5). It should be 
noted that subclinical hypothyroidism is often associated with 
metabolic disorders, including insulin resistance and GDM. 
In pregnant women with GDM, extremely low and high TSH 
values are slightly more common than in healthy women. This 
may indicate that an imbalance of thyroid function is somewhat 
related to the GDM. Most women in both groups fell within 
the normal range, indicating that TSH alterations represent only 
one contributing factor rather than a direct cause. The TSH 
distribution in the first trimester does not differ and is not a 
statistically significant indicator (Table 5).

A low FT4 level (<0.61 ng/dL) is significantly more frequent 
in the GDM group (12.73±3.31 %) than in healthy pregnant 
women (2.73±1.63 %). GDM women are much more likely to 
have subclinical or overt hypothyroidism. Low FT4 levels are 
often associated with insulin resistance and impaired glucose 
homeostasis, which may contribute to GDM. Normal FT4 
(0.61–1.12 ng/dl): the majority of healthy pregnant women are 
within the normal range (86.36±2.08%); in those with GDM, 
this indicator is significantly lower (65.45±4.28%). This gives 
us the basis to say that hormonal homeostasis is more stable in 
healthy pregnant women than in those with GDM. As for high 
FT4 (>1.12 ng/dL) in patients with GDM, it is twice as common 
(21.82±4.07%) as in healthy pregnant women (10.91±3.09%) 
(Table 6).

For the OR calculation, FT4 was dichotomized as abnormal 
(low or high) versus normal (Table 7). Abnormal FT4 levels 
were strongly associated with GDM (OR = 3.34, 95% CI: 1.72–

6.55), indicating a more than threefold increased risk (Table 7).
The distribution of BMI differed significantly between GDM 

and healthy pregnant women. BMI was analyzed at two time 
points: before pregnancy and in the last period of pregnancy 
(38–39 weeks). Before pregnancy, 3.64±1.86% of the GDM 
group and 5.45±2.26% of the healthy group were underweight. 
Notably, no cases of underweight were recorded at 38–39 weeks, 
indicating that physiological weight gain during pregnancy was 
sufficient to prevent underweight.

Before pregnancy, 36 women in the GDM group and 78 in the 
healthy group were classified as having normal weight. At 38–
39 weeks, normal weight was maintained by only 5 women with 
GDM (4.54±2.07%) but by 19 women from healthy pregnancies 
(17.27±3.74%), showing that normal weight was more common 
among healthy women and declined markedly by the end of 
pregnancy in the GDM group. 32 pregnant women in the GDM 
group (29.09±4.44%) and 22 pregnant women in the healthy 
group (20±3.93%) were overweight before pregnancy. At 38-39 
weeks, this indicator in the GDM group was 16 (14.55±3.49%), 
and in healthy pregnant women, it increased sharply to 50 
(45.45±4.76%). Based on the comparison, being overweight at 
the end of pregnancy is more common in the healthy group, 
likely reflecting physiological gestational weight gain, whereas 
in the GDM group, more weight is classified as obesity. 38 
pregnant women (34.54±4.62%) were obese before pregnancy 
in the GDM group, and only 4 (3.64±1.86%) in healthy pregnant 
women. At 38–39 weeks, obesity increased sharply in the GDM 
group and amounted to 89 pregnant women (80.91±2.98%).

As we can see, obesity in the healthy group increased to 41 
pregnant women (37.28±4.68%) (Table 8). This indicates that in 
pregnant women with GDM, obesity is much more pronounced, 
both before pregnancy and especially at the end of pregnancy. 
The data also show that from early pregnancy onward, 
overweight and obesity are considerably more common in the 
GDM group than in healthy pregnant. At 38–39 weeks, the 
difference becomes even more pronounced, and obesity is more 
prevalent in the GDM group. The healthy group is characterized 
by normal weight and overweight, whereas the GDM group is 
dominated by obesity. Underweight was no longer observed in 
either group at the end of pregnancy, consistent with normal 
physiological weight gain. Statistics indicate the difference 
between the studied groups. Obesity thus emerges as one of the 
most important risk factors for GDM, as it clearly predominates 
in the GDM group because falling into this category in the GDM 
group in both periods, before pregnancy and in the late period of 
pregnancy (Table 8).

Clinically, it can be divided into 2 categories: Obese (BMI 
>30) and Non-obese (BMI ≤30). OR ≈ 13.98 (~14). 95% CI: 4.8 
– 40.9. Statistics have shown a very strong association: obesity 
increases the risk of GDM by approximately 14-fold. Because 
the CI does not include 1, this association is highly statistically 
significant, confirming obesity as a major risk factor for GDM 
(Table 9).

As can be seen from the multivariable logistic analysis, 
Deviance=243, and AIC=253, as for R²McF=0.205, which 
indicates that the data well describes the probability of 
developing GDM considering various factors, as for the factors 
directly affecting GDM, statistical values were observed with 
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ABO blood group GDM pregnant women Healthy pregnant women χ² P
n % n %

3.51 0.32

O(I) 43 39.09±4.72 55 50±4.74
A(II) 51 46.36±4.76 40 36.36±4.67
B(III) 12 10.91±3.09 13 11.82±3.20
AB(IV) 4 3.64±1.86 2 1.82±1.33
Total 110 100 110 100

Table 1. ABO blood groups of healthy and GDM pregnant women.

ABO and   Rh GDM Healthy pregnant χ² P

n % n %

4.51 0.61

O(I)Rh+ 39 35.45%±4.65 49 44.54%±4.76
O(I)Rh- 4 3,64%±1.86 6 5.45%±2.26
A(II)Rh+ 46 41,82%±4.75 37 33.64%±4.60
A(II)Rh- 5 4,54%±2.07 3 2.73%±1.62
B(III)Rh+ 11 10%±2.98 11 10%±2.98
B(III)Rh- 1 0.91%±0.94 2 1.82%±1.33
AB(IV)Rh+ 4 3,64%±1.86 2 1.82%±1.33
AB(IV)Rh- 0 0%±0 0 0%±0
Total 110 100% 110 100%

Table 2. ABO/Rh blood combinations in the targeted groups.

age GDM Healthy control χ² P
N % n %

8.16 0.043

18-25 10 9.09%±2.86 5 4.54%±2.07
26-35 59 53.64%±4.68 79 71.82%±3.88
36-45 39 35.45%±4.65 26 23.64%±4.18
46-55 2 1.82%±1.33 0 0%±0
Total 110 100 110 100

Table 3. The age of the targeted pregnant women.

Age GDM Healthy
≥35 41 26
<35 69 84

Table 4. Two age (≥35 and <35) categories in the studied group.

TSH In  I trimester GDM Healthy controls χ² P
N % N %

2.21 0.33
<0.2 4 3.64%±1.87 1 0.91%±0.95
0.2-2.5 81 73.64%±3.74 87 79.09%±3.21
>2.5 25 22.72%±4.12 22 20%±3.95
total 110 100% 110 100%

Table 5. TSH in the first trimester of the studied groups.

FT4 GDM Healthy controls χ² P
N % n %

14.29 0.0008
<0.61 14 12.73%±3.31 3 2.73%±1.63
0.61-1.12 72 65.45%±4.28 95 86.36%±2.08
>1.12 24 21.82%±4.07 12 10.91%±3.09
Total 110 100% 110 100%

Table 6. The level of FT4 in the studied groups.
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BMI (p<0.001) and FT4 (P<0.001), and age (P=0.119) and TSH 
(P=0.279) do not appear to be a statistically significant factor 
(Table 10).
Discussion.

Early screening and prevention of GDM are of considerable 
clinical importance. In our study, the ABO blood group was not 
associated with GDM: the distribution did not differ significantly 
between the groups (χ² = 3.51, p = 0.32), indicating that ABO 
blood group is not an independent risk factor for GDM. Our 
results were compared with findings from other scientific 
papers (Bahkali et al., 2022a, 2022b; Erum Saleem et al., 2025). 
A similar study was done in Saudi Arabia, which enrolled 
pregnant women with GDM but no history of type 1 or type 2 
diabetes Mellitus, likewise found no association between ABO 
blood group and GDM [8]. In contrast, a study in Pakistan, in 
which all participants underwent GDM screening, reported 
that women with an Rh-positive blood group had an increased 
risk of GDM, whereas those with the AB blood group had a 
lower incidence of GDM (Erum Saleem et al., 2025). During 
the analysis and synthesis of related scientific papers, we noted 
that results varied across nationalities and ethnic groups. For 

example, AB blood group pregnant women have a low risk 
of GDM in the Israeli population (Rom et al., 2022). Despite 
the strong interest in the association between ABO blood type 
and GDM, the evidence that ABO blood type may predispose 
to GDM remains incomplete and unconfirmed. The article 
describes a retrospective, population-based study that examined 
a large cohort of pregnant women and observed the association 
between ABO blood group and GDM. The women included in 
the study underwent a two-stage screening and were confirmed 
to have GDM; terminated pregnancies were excluded in the 
study. The results of the study revealed that the AB blood group 
was less associated with the risk of GDM than other blood 
groups, and the study also confirmed that there was virtually 
no difference in the Rh factor between the GDM and control 
groups [9]. There are alternative findings. The study included 
30,740 participants. The participants were selected from the 
Center for Obstetrics and Gynecology of Beijing Hospital in 
China. The study reported that the AB blood group was a more 
significant risk factor for GDM, conferring an approximately 
twofold higher risk [10]. This heterogeneity is often attributable 
to differences in ethnic composition, sample size, diagnostic 
criteria, and data-collection methodology. 

FT4 GDM Healthy
Abnormal 38 15
Normal 72 95

Table 7. The level of FT4 in the target group.

#OR = 3.34, 95% CI: 1.72–6.55

BMI
GDM pregnant women Healthy pregnant women χ² P

Before pregnancy 38-39 weeks Before pregnancy 38-39 weeks

43.40 < 0.0001

n % n % n % n %
Underweight  BMI<18.5 4 3.64%± 1.86 0 - 6 5.45%± 2.26 0 -
Normal weight  BMI18.5-24.9 36 32.73%±4.57 5 4.54%± 2.07 78 70.91%±3.94 19 17.27%±3.74
Overweight  BMI25-29.9 32 29.09%±4.44 16 14.55%±3.49 22 20%± 3.93 50 45.45%±4.76
Obesity  BMI>30 38 34.54%±4.62 89 80.91%±2.98 4 3.64%± 1.86 41 37.28%±4.68
Total 110 100% 110 100% 110 100% 110 100%

Table 8. BMI in GDM and healthy pregnant women.

BMI GDM Healthy
Obese (BMI >30)  38 4
Non-obese (≤30) 72 106

Table 9. BMI in the studied groups.

Model Fit Measures
Model Deviance AIC R²McF

1 243 253 0.205
Note. Models estimated using sample size of N=220

Model Coefficients – GDM
Predictor Estimate SE Z p
Intercept -9.9025 1.7357 -5.71 <.001
AGE 0.0474 0.0304 1.56 .119
BMI 0.2179 0.0367 5.93 <.001
TSH 0.1340 0.1238 1.08 .279
FT4 3.0316 0.8260 3.67 <.001
Note. Estimates represent the log odds of "GDM = 1" vs. "No GDM = 0"

Table 10. Binomial Logistic Regression.
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There is no association with the Rh blood group. In our study, 
women with and without GDM had the same Rh distribution (χ² 
= 0.004, p = 1), indicating that the Rh factor is not an independent 
risk factor for the development of GDM. There was also no 
difference in the prevalence of ABO/Rh combinations in the 
studied groups. These results are consistent with other studies 
reporting that the Rh factor does not influence the development 
of GDM [11]. In one study, all women who gave birth at the 
Lille University Medical Center in France between August 1, 
2017, and February 28, 2018, were screened for GDM using the 
method recommended in the French national guidelines. The 
risk of GDM was estimated for ABO and Rh blood groups using 
logistic regression models. The study did not find the Rh factor 
as an independent risk factor for the development of GDM. 
According to the study, the Rh factor exhibited relatively high-
risk properties only in combination with the AB blood group 
[11]. 

Age is among the potential risk factors for the development 
of GDM in pregnant women. Our results show statistically 
significant differences in the studied group (χ² = 8.16, p = 0.043). 
The age category is heterogeneous among pregnant women with 
GDM. The advanced age of the pregnancy increases the risk of 
GDM. These findings are consistent with other epidemiological 
studies, many of which support advanced maternal age as an 
independent risk factor for GDM [12,13]. In this direction, meta-
analytic studies are conducted using three electronic databases to 
identify scientific publications relevant to the topic mentioned. 
OR and 95% confidence interval (95% CI) were calculated. 
Subgroup and meta-regression analyses were performed to 
study the sources of heterogeneity identified between studies. 
This meta-analysis found that the risk of GDM increased 
linearly across age groups [14]. Similarly, a multicenter cohort 
study in Japan involving 72,270 pregnant women found that 
advanced maternal age was associated with an increased risk of 
GDM, regardless of the timing of diagnosis, with a comparable 
association for early and late GDM [13]. Advanced maternal 
age is known to increase insulin resistance and thereby reduce 
tissue sensitivity to glucose. In addition, increasing age also 
causes various metabolic disorders in mothers, which can also 
contribute to the development of GDM. Increasing age may be 
associated with insulin resistance, decreased pancreatic β-cell 
function, and metabolic changes that may contribute to the 
development of GDM.

The analysis of TSH levels in the 1st trimester of gestation in the 
GDM and control groups doesn’t show significant associations. 
This is consistent with studies suggesting that a slight first-
trimester TSH imbalance (subclinical hypothyroidism or 
hyperthyroidism) may be associated with metabolic disorders, 
as well as insulin resistance and the risk for GDM development. 
However, because the bulk fell within the normal range, changes 
in thyroid function appear to be only a partial, contributory 
determinant of GDM rather than an independent one (Li et 
al., 2021; Luo et al., 2021; Pinto et al., 2023; Rawal et al., 
2018). TSH imbalance in the first trimester can be considered 
a concomitant risk factor but not a major determinant of the 
development of GDM. For this reason, further prospective 
studies are warranted to clarify the role of thyroid dysfunction 
in the development of GDM [15].

The present study showed that FT4 levels differed significantly 
between women with GDM and controls. A low FT4 level 
(<0.61 ng/dL) was present in 12.73% of women with GDM 
versus 2.73% of controls, whereas a normal FT4 (0.61–1.12 ng/
dL) was far more common in controls (86.36%) than in women 
with GDM (65.45%). A low FT4 indicates a predisposition 
to subclinical or overt hypothyroidism, which may be 
associated with insulin resistance, metabolic imbalances, and 
impaired glucose homeostasis, all of which increase the risk 
of development of GDM [16]. In addition, a high FT4 level 
(>1.12 ng/dL) was twice as common in women with GDM as in 
controls (21.82% vs. 10.91%), which may reflect both increased 
carbohydrate metabolism and thyroid hyperactivity [17].

Both hypothyroidism and hyperthyroidism have been 
associated with an increased risk of GDM (Shahbazian et 
al., 2013; Wu et al., 2023). A small cohort study in Iran that 
included 64 pregnant women found that hypothyroidism was 
strongly associated with an increased risk of GDM, whereas the 
risk associated with hyperthyroidism was smaller [18]. A study 
in China involving 27,184 pregnant women found that both 
hyperthyroidism and hypothyroidism were associated with the 
risk of GDM, with a particularly high risk in hyperthyroidism 
[19]. Notably, the high proportion of normal FT4 levels in healthy 
pregnant women indicates that thyroid function is more stable 
in these women, whereas changes in hormonal homeostasis are 
more pronounced in GDM group. FT4 imbalance is often the 
cause and an independent risk factor for the development of 
GDM, especially when accompanied by insulin resistance and 
metabolic changes.

Our combined analysis of TSH and FT4 shows that the 
majority of both groups, both GDM and healthy pregnant 
women, are within the normal range, although deviations 
are more frequent in pregnant women with GDM (χ²=16.49, 
p=0.0056), possibly reflecting hyperactivity and accelerated 
carbohydrate metabolism. These findings are consistent with 
studies indicating that changes in FT4 are more strongly 
associated with GDM, whereas TSH is relatively inert and less 
closely related to GDM [20,21]. The study was a prospective, 
multicentre study of singleton pregnancies at 15 centres in the 
United States. Patients were recruited between 10 3/7 and 13 6/7 
weeks of gestation. All subjects had a live singleton intrauterine 
pregnancy without evidence of anencephaly, as confirmed by 
ultrasound at the time of study enrolment. The study excluded 
women whose fetuses were affected by Down syndrome or 
other chromosomal structural abnormalities. This study found 
that changes in FT4 were closely associated with an increased 
risk of GDM, whereas changes in TSH had less impact on the 
development of GDM [20]. A further study, conducted between 
2009 and 2013 in a multi-ethnic, multicentre cohort, included 
2,334 non-obese and 468 overweight women aged 18–40 years 
at 8–13 weeks of gestation. Data were collected from 12 clinical 
centers in the United States and were followed throughout 
pregnancy. Exclusion criteria included hypertension, diabetes, 
autoimmune kidney disease, psychiatric disorders, cancer, and 
AIDS. The study found an association between FT4 and GDM, 
particularly in the first trimester [21].

As a thyroid hormone, FT4 influences the quantitative control 
of glucose and, accordingly, the so-called insulin resistance, and 
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changes in its level may themselves increase the risk of GDM. 
The same cannot be said of TSH. which does not participate 
directly in tissue metabolic processes; its association with 
GDM risk is therefore weak, if not negligible. Consequently, 
monitoring FT4 in the first trimester may be an important 
preventive measure, particularly in women at high risk of GDM.

The BMI data show that a high BMI, and obesity in particular 
(BMI >30), was far more common in pregnant women with 
GDM, both before pregnancy and at 38-39 weeks of pregnancy, 
whereas normal BMI is more common in healthy pregnant 
women, which supports the idea that high BMI is relatively 
rare in the healthy group. Similar results are also found in 
other studies, according to which high BMI before pregnancy 
or early pregnancy sharply increases the risk of developing 
GDM [14,22]. The study was conducted in China, and the 
cohort included 17,145 pregnant women enrolled between 15 
and 20 weeks of gestation. The results of the study showed that 
overweight and obesity before pregnancy, and an increase in 
gestational body mass index from conception to 15-20 weeks 
of gestation and beyond, were correlated with an increased risk 
of GDM. Public health measures may help prevent excessive 
gestational weight gain [14]. A Norwegian study of 24,198 
pregnant women between 2006 and 2014, which followed first 
and second pregnancies, found that the risk of GDM increased 
with weight gain from the first to the second pregnancy, and 
was more pronounced in women with a body mass index < 25 
during the first pregnancy [22]. The results suggest that weight 
change is a metabolic mechanism underlying the increased risk 
of GDM; therefore, weight change should be recognized as an 
independent factor for GDM screening in clinical guidelines. 
Promoting a healthy weight from the prenatal period to the 
postpartum period should be the general goal. 

 With a high BMI, the body shows greater insulin resistance, 
which, in turn, leads to elevated glucose levels. In addition, 
pregnancy is characterized by hormonal changes that affect 
the effectiveness of insulin, and accordingly, when these are 
superimposed on a high BMI, the risk of developing a so-called 
metabolic imbalance increase, which ultimately leads to an 
increased risk of developing GDM. The high rates of obesity in 
the GDM group demonstrate a strong association between BMI 
and GDM risk, with statistically significant differences both 
before pregnancy and at 38–39 weeks. A population-based cohort 
study in Sweden, including 131,164 pregnancies, found that the 
risk of GDM increased with weight gain [23]. A cross-sectional 
US study conducted from 2011 to 2019, including 11,950,881 
live singleton births to women aged 15–44 years, reported that 
the population-attributable fraction of obesity-related GDM has 
increased significantly over the past decade, highlighting the 
importance of optimizing prepregnancy weight [24]. 
Study Limitations.

Several limitations of the present study should be 
acknowledged. First, the sample was relatively small: the 
total of 220 participants did not allow reliable evaluation of 
less frequent characteristics, such as the AB and Rh-negative 
blood groups. Larger multicenter studies are required to confirm 
these findings. Second, the study was conducted at a single 
clinic in western Georgia, which may limit the generalizability 

of the results to the wider pregnant population of the country 
or to populations with different demographic and ethnic 
characteristics. Third, thyroid hormones (TSH and FT4) were 
measured only during the first trimester, so their variation 
across the whole of gestation could not be assessed. Finally, 
the retrospective case–control design does not permit causal 
inferences between the biological characteristics examined and 
the development of GDM; the observed associations should 
therefore be interpreted as correlations rather than evidence of 
causality.
Conclusion.

Our research shows that maternal age, BMI, and FT4 
imbalance are general risk factors for GDM. ABO and Rh blood 
groups do not appear to be independent contributors to GDM. 
Research of this kind, together with the early identification of 
additional potential risk factors, is essential for the prevention 
GDM. The research findings emphasize the need for the early 
identification and control of risk factors to prevent GDM and 
improve pregnancy outcomes. 
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