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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (y?) 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, > = 8.16, p = 0.043). Elevated maternal
BMI was strongly associated with GDM risk OR = 13.98. 95%
CI: 4.8 -40.9, y> = 43.40, and P < 0.0001. FT4 imbalance was
more prevalent among women with GDM (OR = 3.34, 95%
CI: 1.72-6.55, ¥* = 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.
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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 [B-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, 1/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
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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 y? 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
=(axd)/(bxc)for2 x 2 category. The 95% CI measure was
also derived using the logarithmic method: SE = V(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 2428 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(I])
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);
41.8244.75% had A(Il)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(I[)Rh+ blood group
combination is presented in 33.644+4.60% case (n=37), A(Il)
Rh- in 2.73+1.62 (n= 3); B(I)Rh+ in 10£2.98% (n=11) and
B(II)Rh— in 1.82+1.33%; 2 pregnant women hava AB(IV)Rh+



(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 4655 (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 3645 (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
(21.8244.07%) 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—
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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
(17.2743.74%), 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 R*McF=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



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

2

ABO blood group GDM pregnant women Healthy pregnant women X P

n % n %
o) 43 39.09+4.72 55 50+4.74
A(I) 51 46.36+4.76 40 36.36+4.67 351 0.32
BII) 12 10.9143.09 13 11.82+3.20 ) )
AB(V) 4 3.64+1.86 2 1.82£1.33
Total 110 100 110 100
Table 2. ABO/Rh blood combinations in the targeted groups.

2

ABO and Rh GDM Healthy pregnant X P

n % n %
O(DRh+ 39 35.45%+4.65 49 44.54%+4.76
O(DRh- 4 3,64%=+1.86 6 5.45%+2.26
A(IDRh+ 46 41,82%+4.75 37 33.64%+4.60
A(I)Rh- 5 4,54%+2.07 3 2.73%+1.62 451 0.61
B(II)Rh+ 11 10%=+2.98 11 10%+2.98 ) )
B(II)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 3. The age of the targeted pregnant women.

GDM Healthy control » P
age

N % n %
18-25 10 9.09%+2.86 5 4.54%+2.07

- .64%+4. .82%=+3.
26-35 59 53.64%+4.68 79 71.82%+3.88 8.16 0.043
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 4. Two age (235 and <35) categories in the studied group.
Age GDM Healthy
=35 41 26
<35 69 84
Table 5. TSH in the first trimester of the studied groups.
2
TSH In I trimester GDM Healthy controls X P
% N %
<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 2.21 0.33
>2.5 25 22.72%+4.12 22 20%+3.95
total 110 100% 110 100%
Table 6. The level of FT4 in the studied groups.
2
FT4 GDM Healthy controls X P
N % n %

<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 14.29 0.0008
>1.12 24 21.82%+4.07 12 10.91%+3.09
Total 110 100% 110 100%
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Table 7. The level of FT4 in the target group.

FT4 GDM
Abnormal 38
Normal 72

#OR = 3.34, 95% CI: 1.72-6.55

Table 8. BMI in GDM and healthy pregnant women.

Healthy
15
95

GDM pregnant women Healthy pregnant women e P
BMI Before pregnancy 38-39 weeks Before pregnancy 38-39 weeks

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 78 170.91%+3.94 19 17.27%+3.74 43.40 <0.0001
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 9. BMI in the studied groups.
BMI GDM Healthy
Obese (BMI >30) 38 4
Non-obese (<30) 72 106
Table 10. Binomial Logistic Regression.
Model Fit Measures
Model Deviance AIC R’ .
1 243 253 0.205
Note. Models estimated using sample size of N=220
Model Coefficients - GDM
Predictor Estimate SE V4 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"

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 (}* = 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
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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.



There is no association with the Rh blood group. In our study,
women with and without GDM had the same Rh distribution (y?
=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 (y>=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 p-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].
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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 (3*=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



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 1544 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
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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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