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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.
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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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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.

Gestational diabetes (GDM) in pregnant women leads to the
development of macrosomia in newborns and also influences
the characteristics of neonatal length development. It is worth
noting that findings regarding the association between GDM and
gestational age at birth vary, and there is no evidence to support
treating GDM as an independent risk factor for determining
gestational age at birth. The aim of this study was to determine
the impact of GDM on neonatal physical parameters, including
birth weight and length, as well as gestational age at birth. Data
were collected using a standardized questionnaire. A total of
220 pregnant women were evaluated: 110 with GDM and 110
healthy pregnant women. The newborns of both groups - those
with GDM and the healthy controls - were also assessed.

The data were processed using statistical analysis software.
The chi-square (y¥?) test for comparative analysis; a p-value
of < 0.05 was considered statistically significant. Our study
showed that newborns of mothers with GDM are at higher risk
of developing either very high or low birth weight; in contrast,
newborns of healthy mothers are predominantly born with a
normal weight (OR=0.25, >= 11.28, p = 0.0036).

GDM increases the risk of delivering newborns who are
either very large or relatively short (95% CI=0.73; 3.68,
OR=1.64, ¥*> = 6.19, p = 0.045); however, it should be noted
that although deviations in length from the norm were observed
more frequently in the GDM group, the Odds Ratio analysis
did not confirm a statistically significant association. The
difference in the distribution of gestational age at birth between
newborns of mothers with GDM and healthy mothers is not
statistically significant (3> = 1.33, p = 0.515). The newborns are
predominantly full-term, and the observed difference is minor
and random in nature. Multivariate logistic analysis revealed
statistical significance regarding weight (P<0.001), length
(P=0.007), and gestational age at birth (P=0.008), while linear
regression demonstrated a statistically significant effect of
maternal age on fetal length ($=0.051; p=0.025).

Based on the study results, we can conclude that GDM is
associated with extreme physical parameters in newborns.
Among these parameters, an increased risk of high birth weight
was found to be closely linked to GDM. A strong association
was also established between GDM and the length of newborns;
specifically, cases of both short and long newborns are observed
more frequently among mothers with GDM.

Key words. GDM, macrosomia, gestational age at birth,
newborn length, body mass index.
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Introduction.

During pregnancy, placental hormones impair the effective
utilization of maternal insulin, resulting in maternal
hyperglycemia. Decreased peripheral tissue glucose uptake
further exacerbates this hyperglycemic state. This condition
is defined as gestational diabetes mellitus (GDM) [1,2]. The
etiology of GDM differs substantially from that of type 1 diabetes
mellitus (T1DM); GDM is driven by pregnancy-induced insulin
resistance rather than absolute insulin deficiency. In the majority
of cases, glucose metabolism normalizes postpartum, and GDM
symptoms gradually regress [3].

The risk of developing GDM is heightened by several
predisposing factors, including maternal overweight or obesity,
a family history of type 2 diabetes mellitus (T2DM), advanced
maternal age (women over 25 have a higher risk of developing
GDM than younger women), and racial backgrounds
(individuals of African American, American Indian, Asian
American, Hispanic or Latin American, and Pacific Islander
descent are at increased risk), though GDM can arise in any
pregnancy [4,5]. Prior impaired glucose tolerance (prediabetes)
represents a particularly critical risk factor for GDM onset.

Numerous studies have evaluated the impact of GDM on
neonatal anthropometric indicators; however, findings vary
considerably across populations, particularly regarding birth
length and gestational age at birth. For example, a study
in Chinese cohorts demonstrated a significant association
between GDM and increased birth weight, but no significant
correlation with neonatal length [6,7]. Similar investigation
has been conducted in European and South Asian populations.
Population-based studies have demonstrated that fetal growth
patterns in GDM pregnancies exhibit ethnic heterogeneity.
Specifically, fetal growth trajectories are reported to be slower in
South Asian cohorts than in European cohorts despite maternal
GDM [8]. These discrepancies may stem from variations in
ethnicity, maternal body mass index (BMI), diagnostic criteria,
and treatment protocols, among other factors. Notably, this
issue remains insufficiently characterized within the Georgian
population, highlighting the need for targeted research.

Fetal macrosomia is the most common intrauterine
complication associated with GDM, characterized by a birth
weight significantly above normative thresholds [9]. During
the intrauterine period, fetal nutrition is supplied by nutrients
derived from the maternal circulation. Consequently, maternal
hyperglycemia accelerates transplacental glucose diffusion. In
response to fetal hyperglycemia, the fetal pancreas upregulates
insulin secretion. Fetal hyperinsulinemia stimulates lipogenesis
and protein synthesis, resulting in excessive somatic growth and
the development of macrosomia [10].
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The combination of high maternal blood glucose and elevated
fetal insulin levels causes fat accumulation, leading to fetal
overgrowth ("Diabetes During Pregnancy - Women's Health,"
n.d.). It should also be noted that GDM exerts a certain
influence on neonatal length parameters. It is known that both
above-normal and below-normal body lengths occur at a higher
frequency among neonates of mothers with GDM compared to
those of healthy pregnancies [11].

Although GDM exerts a significant influence on various
neonatal physical parameters, the majority of existing
studies indicate that its impact on gestational age at birth is
relatively limited [12,13]. GDM contributes to alterations in
prenatal growth and development, among other complications
attributable to its fetal impact. Accordingly, the primary
objective of the study was to evaluate the impact of GDM on
neonatal anthropometric parameters, specifically birth weight
(kg), length (cm), and gestational age at birth.

Materials and Methods.

Under a cooperation agreement concluded with Batumi Shota
Rustaveli State University (BSU), the study was conducted
at the BAU International Hospital, Batumi Clinic. Scientific
and clinical consultation throughout the research process
was provided by the clinic's endocrinologist. Data collection
commenced on September 20, 2024, and concluded on July
15, 2025; this time frame ensured a consistent and diverse
case selection. The study adhered to international research
ethics standards and received approval from the clinic's Ethics
Committee (Resolution No. 15/09/2024, I/C identification code
445412152).

The study employed a retrospective case-control design. A
total of 220 pregnant women were enrolled, divided into two
groups: a control group of 110 healthy pregnant women with no
history of metabolic or endocrine disorder, and a study group
of 110 pregnant women with GDM, with diagnosis established
through laboratory testing and clinical evaluation. Newborns of
both pregnant women with GDM and healthy pregnant women
were evaluated.

Inclusion and exclusion criteria were established for both the
healthy and GDM groups. In particular, inclusion criteria for
the GDM group were: uncomplicated pregnancy course through
the first trimester, adult age (>18 years), provision of informed
consent to participate in the study, and, most importantly, a
confirmed diagnosis of gestational diabetes established using
a standardized testing protocol. ACOG supports a "two-step"
approach (measurement of venous blood glucose one hour after
administration of a 50-g glucose challenge test, performed at
24-28 weeks of gestation); a positive result is followed by a
100 g, 3-hour oral glucose tolerance test (OGTT). The diagnosis
of GDM was established when two or more glucose values
obtained during the 3-hour OGTT exceeded the established
threshold values: fasting glucose <95 mg/dL (5.3 mmol/L),
I-hour glucose <180 mg/dL (10.0 mmol/L), 2-hour glucose
<155 mg/dL (8.6 mmol/L), and 3-hour glucose <140 mg/dL (7.8
mmol/L). The Exclusion criteria for this group included chronic
diseases, pre-existing forms of diabetes, and multiple gestations,
Exclusion criteria also include pre-eclampsia, hypertension,
and congenital fetal anomalies. The main inclusion criteria
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for the healthy pregnant women were likewise adult age (=18
years) and provision of informed consent to participate in the
study; it was also required that healthy participants have neither
gestational diabetes nor any other medical condition. Control-
group participants were recruited from among healthy pregnant
women who delivered at the clinic during the same study
period, in order to minimize the risk of selection bias. Individual
matching between cases and controls was not performed.

Data collection for both cohorts was carried out using a
standardized questionnaire covering the following variables:
(1) maternal demographic data: age, height, BMI; (2)
characteristics of pregnancy course: possible complications,
medical interventions; and (3) neonatal data: gestational age at
birth (week), birth weight (kg) and birth length (cm). Maternal
BMI was assessed using the hospital's medical records, which
provided anthropometric measurements including maternal
weight (kg) and height (m). Maternal weight was measured by
qualified healthcare personnel using a standard medical scale,
whereas BMI was calculated at the initial visit by the attending
obstetrician-gynecologist. When necessary, BMI assessment
was performed in consultation with an endocrinologist. BMI
was calculated using the standard formula: BMI = kg/m?.
Neonatal anthropometric measurements were obtained by
trained medical personnel using calibrated equipment: birth
weight was measured using a calibrated infant scale, and birth
length was measured using an infantometer.

Data collection followed a uniform methodology based on
clinical documentation and patient questionnaires. The collected
data were initially analyzed by calculating percentages using the
formula: % = (n + N) X 100, where n represents the number
of participants with a given characteristic and N represents the
total number of study participants. In addition to percentages,
the margins of errors were calculated using the formula: +
V(Px(100—P)/n), where P denoted the percentage of individuals
with a given characteristic and n represented the total number
of participants. The data were also processed using statistical
analysis software."

The chi-square ()?) test was applied to compare categorical
variables between the two groups, assessing differences in
distribution. Statistical significance of intergroup differences
was determined using the p-value.

Results were interpreted in accordance with generally accepted
principles of biostatistics, with p < 0.05 considered statistically
significant. The odds ratio (OR) was also used in the statistical
analysis to evaluate the association of GDM with perinatal
outcomes— specifically, the extent to which GDM increases or
decreases fetal parameters. It was calculated using the formula:
OR = (a x d) / (b x ¢). This measure is applicable when a 2x2
contingency table is available. In addition, multivariable logistic
regression and linear regression analyses were performed
to examine the associations between independent variables
and study outcomes and to evaluate the effects of potential
contributing factors. These statistical analyses were conducted
using Jamovi statistical software, version 2.7.37.

Results.

Neonates in both the healthy and GDM groups were categorized
according to birth weight into four distinct categories: >4000



Table 1. Comparative analysis of birth weight categories of newborns from mothers with GDM and healthy mothers.

2
Newborn weight (g) GDM Newborns of healthy mothers X P
() (%) () (%)
>4000 19 17.27%+3.74 6 5.45%+2.26
- 37%=+3. T3%=+1.
2500-4000 84 76.37%+3.49 102 92.73%+1.36 11.28 0.0036
1500-2500 7 6.36%+2.43 2 1.82%+1.78
<1500 0 - 0 -
Total 110 100% 110 100%

Table 2. Distribution of newborn weight into two groups (normal and deviation from the norm,).

Odds Ratio (OR) Newborns of mothers with GDM Newborns of healthy mothers
Normal range (2500-4000 g) 84 102
Deviation from the norm > 4000, 1500-2500, and <1500 g 26 8

Table 3. Characteristics of newborn weight distribution based on the mother's pre-pregnancy BMI.

Birth weight of newborns of mothers with GDM  Birth weight of newborns of healthy mothers
Deviation from the norm Deviation from the
Maternal Normal range Normal range i P
> 4000, 1500-2500, and norm > 4000, 1500—
pre-pregnancy BMI (2500—4000 g) <1500 g (2500—4000 g) 2500, and <1500 g
n % N % n % n %
Underweight
. 0. . . (0 . . (0 . -
(BMI < 18.5) 3 3.57%+1.86 1 3.85%+1.95 |6 5.88%+2.35 0
Healthy weight
(BMI 18.5-24.9) 28 33.33%+4.89 |8 30.77%+5.32 |71 69.61%+4.49 |7 87.50%+9.02
Overweight 48.74 <0.001
(BMI 25-29.9) 23 27.38%+4.59 |9 34.61%+5.61 22 21.57%+4.10 0 -
&?\?[sllgw) 30 35.72%=+5 8 30.77%+532 3 2.94%+1.68 1 12.50%=3.51
Total 84 100% 26 100% 102 100% 8 100%
Table 4. Characteristics of newborn weight distribution based on the mother's BMI recorded at 38—39 weeks of pregnancy
Birth weight of newborns of mothers with GDM  Birth weight of newborns of healthy mothers
Maternal BMI Normal range Deviation from the norm  Normal range Deviation from the 2 P
at 38-39 weeks (2500-4000 g) > 4000, 15002500, and  |(2500—4000 g) norm > 4000, 1500— X
of pregnancy <1500 g 2500, and <1500 g
n % n % n % n %
Underweight
(BMI < 18.5) 0 - 0 - 0 - 0 )
Healthy weight o o o o
(BMI 18.5-24.9) 4 4.77%+2.13 |1 3.85%+1.95 17 16.67%+3.71 2 25%+4.94 25.56  <0.001
gvl\‘;rlwz‘;‘i‘; 9) 12 14.20%<3.54 4 15.38%<+3.84 46 45.09%+4.93 4 50%:6.92
Obesity (BMI >30) 68 80.94%+5.08 |21 80.77%+7.98 39 38.24%+4.82 2 25%+4.94
Total 84 100% 26 100% 102 100% 8 100%
Table 5. Binomial Logistic Regression.
Model Fit Measures
Model Deviance AIC R? .
1 178 184 0.0622
Note. Models estimated using sample size of N=220
Model Coefficients - Birth weight category
Predictor Estimate SE zZ p
Intercept -2.50046 0.9120 -2.7418 .006
GDM 1.38182 0.4615 2.9944 .003
BMI -0.00197 0.0365 -0.0540 957

category = 0"

Note. Estimates represent the log odds of "Abnormal Birth weight category = 1" vs. "normal Birth weight
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Table 6. Comparison of newborn length categories between mothers with GDM and healthy mothers.

Newborn length (CM) Newborns of mothers with GDM
(%)

>52 11 10%+2.98

46-52 93 84.55+%2.43

3245 6 5.45%+2.26

Total 110 100%

Newborns of healthy mothers »© P
() (%)

10%+2.98

90%+0.95 6.19 0.045
110 100

Table 7. Distribution of newborn length into two groups (normal and deviation from the norm).

Odds Ratio (OR)
Normal range: 4652 cm 93
Deviation from the norm (>52 and 3245 cm). 17

Newborns of mothers with GDM

Newborns of healthy mothers
99
11

Table 8. Comparison of gestational age at birth of newborns from mothers with GDM and healthy mothers.

. . Newborns of mothers with GDM Newborns of healthy mothers e P
Gestational age at birth (weeks)
() (%) () (%)
Full-term o 0
(37-41) 105 95.45%+2.18 108 98.18%+2.80
Preterm (32-36 weeks) 5 4.55+2.07 2 1.82%+1.33 1.33 0.515
Extremely preterm 0 ) 0 )
(<32)
Total 110 100% 110 100%
Table 9. Binomial Logistic Regression.
Model Fit Measures
Model Deviance AIC R* .
1 284 292 0.0692
Note. Models estimated using sample size of N=220
Model Coefficients - GDM
Predictor Estimate SE Z p
Intercept 26.24631 7.038 3.73 <.001
Weight (g) 0.00179 4.74e-4 3.77 <.001
Length (cm) -0.37224 0.138 -2.71 .007
Gestational age (weeks) -0.35172 0.133 -2.64 .008
Note. Estimates represent the log odds of "GDM = 1" vs. "NO GDM = 0"
Table 10. Association of maternal age and GDM with fetal parameters.
Neonatal parameter (Outcome) Predictor B (Estimate) SE p-value R
Maternal age 11 6.64 0.099
Birth weight .02
irth weight (g) Healthy vs GDM -107.4 70.34 0.128 0.025
Maternal age 0.051 0.0227 0.025
L h .
ength (cm) Healthy vs GDM 0.165 0.2405 0.494 0.024
Maternal age 0.0006 0.0157 0.967
Gestational k 0.022
estational age (weeks) Healthy vs GDM 0.364 0.1660 0.029
g, 25004000 g, 1500-2500 g, and <1500 g. Infants born to  between groups (y* = 11.28, p = 0.0036), confirming a

mothers with GDM were more frequently observed in the high
birth-weight category, whereas infants born to healthy controls
accounted for a substantially larger proportion of those with
normal birth weight. Low birth weight category was also more
common among infants of mothers with GDM compared to
controls. No cases of very low birth weight (<1500 g) were
observed in either cohort (Table 1). Overall, infants of mothers
with GDM demonstrated an increased risk of both very high
and low birth weight, whereas infants of healthy mothers
were predominantly born within the normal weight range. The
distribution of birth-weight categories differed significantly
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statistically significant association between maternal GDM
status and neonatal birth weight (Table 1).

To calculate the odds ratio (OR), birth weight was dichotomized
into two categories: normal birth weight (2500-4000 g) and
birth weight deviation, the latter encompassing neonates
weighing >4000 g, 1500-2500 g, and <1500 g. The calculated
OR = 3.95 (95% CI: 1.74-8.97; p = 0.001), indicating that
the odds of a birth weight outside the normal reference range
were nearly fourfold higher among neonates born to mothers
with gestational diabetes compared with those born to healthy
controls (Table 2).



Neonatal birth weight categories were analyzed according to
maternal BMI, considering both pre-pregnancy BMI and BMI at
38-39 weeks of gestation, to compare neonates born to mothers
with GDM and those born to healthy controls. The distribution
of neonatal birth weight is presented in Table 3. Across all
maternal BMI categories, abnormal birth weight was observed
more frequently among neonates born to mothers with GDM,
whereas normal birth weight predominated among neonates of
healthy mothers. This association was statistically significant
(x> =48.74, P <0.001) (Table 3).

The distribution of neonatal birth weight according to
maternal BMI at 38-39 weeks of gestation is presented in
Table 4. Consistent with findings based the on pre-pregnancy
BMI (table 3), abnormal birth weight in relation to maternal
BMI at 38-39 weeks of gestation was observed predominantly
among neonates born to mothers with GDM. Analysis of the
data according to maternal BMI at 38-39 weeks of gestation
demonstrated a statistically significant association with neonatal
birth weight distribution (y* = 25.56, P < 0.001) (Table 4).

Multivariable binomial logistic regression analysis was
performed to evaluate the association between deviations in
neonatal birth weight and maternal GDM and BMI. The model
included GDM and maternal BMI as independent variables.
The results showed that GDM was statistically significantly
associated with deviations in neonatal birth weight from the
norm ($=1.382, SE=0.462, p=0.003). This association persisted
after adjusting for maternal BMI. Furthermore, maternal BMI
was not found to be a statistically significant factor for deviation
in newborn birth weight from the norm (p=-0.002, SE=0.037,
p=0.957). The model's McFadden R?> was 0.0622 (N=220)
(Table 5).

Table 6 presents the distribution of neonatal birth length in the
GDM and healthy control groups. Birth length was categorized
into three groups: >52 cm, 46-52 cm, and 32-45 cm. A birth
length >52 cm (long-length neonates) was recorded in 11 infants
(10 £ 2.98%) born to mothers with GDM, as well as in the
healthy group, demonstrating that neonates with a birth length
>52 cm were represented at an equal percentage in both groups.
A birth length of 46—52 cm (normal birth length) was observed
in 93 infants (84.55 + 2.43%) born to mothers with GDM and
in 99 infants (90 = 0.95%) born to healthy controls indicating
that a normal birth length was more frequent among healthy
mothers. A birth length of 3245 cm (short-length neonates)
was observed in 6 infants (5.45 + 2.26%) born to mothers with
GDM, It should be noted that of these six newborns, four were
born at 34 weeks, one at 36 weeks, and the remaining one at
39 weeks. whereas no infants in the healthy group fell within
this birth length category (Table 6). Accordingly, short-length
neonates were observed exclusively among mothers with GDM,
suggesting that GDM increases the risk of delivering both
above-normal and below-normal length

neonates. The distribution of neonatal birth length %> = 6.19,
p = 0.045 indicates statistical significance attributable to the
influence of GDM. Notably, the majority of neonates in both
groups had a normal birth length; however, both short-length
and long-length neonates were more frequently observed among
infants born to mothers with GDM (Table 6).

148

To calculate the odds ratio (OR), neonatal length was
dichotomized into normal length versus length deviation, the
latter encompassing lengths >52 cm and 32-45 cm. OR=1.64.
OR > 1 indicates that the odds of a length deviation from normal
were approximately 1.6 times higher among neonates of mothers
with GDM compared with those of healthy controls. However,
association is not strong, representing a moderate-to-mild
effect. 95% CI=(0.73; 3.68). As can be seen from these data,
the interval includes 1. Accordingly, the result is not statistically
significant, despite OR > 1. Based on this, no meaningful
difference between the groups was observed for this parameter
(Table 7). These findings underscore the need for confirmatory
studies with larger sample sizes to evaluate the potential
relationship between GDM and neonatal length deviations.

Data were also stratified by gestational age at birth. Following
this analysis, neonatal parameters for the healthy and GDM
groups were distributed as follows. Among mothers with GDM,
105 infants (95.45 + 2.18%) were born at term, compared with
108 infants (98.18 + 2.80%) among healthy controls. Term
infants predominated in both groups, with a slightly higher
percentage in the healthy group. Preterm infants (32—-36 weeks):
Five infants (4.55 £ 2.07%) were recorded among mothers
with GDM, compared with two infants (1.82 = 1.33%) among
healthy mothers. Preterm birth occurred more frequently among
mothers with GDM, although the number of cases was small.
Very preterm infants (<32 weeks): No cases were recorded in
either group (Table 8). The distribution of gestational age at
birth did not differ significantly between groups (y*> = 1.33, p =
0.515). The majority of infants in both groups were born at term,
and the observed difference was small and likely attributable to
random variation (Table 8).

The data were further evaluated using multivariable logistic
regression, performed with Jamovi statistical software. The
analysis yielded a deviance of 284 and an AIC of 292, with
R*McF = 0.0692, indicating that neonatal anthropometric
parameters — birth weight, birth length, and gestational age
at birth — are independently associated with maternal GDM
status. Statistical significance was observed for weight (P <
0.001), length (P = 0.007), and gestational age at birth (P =
0.008) (Table 9).

Multivariable linear regression analysis was performed to
assess the association between maternal age and neonatal
parameters (birth weight, birth length, and gestational age
at birth) in both cohorts. This analysis found a statistically
significant effect of maternal age on neonatal length (f = 0.051;
p = 0.025); No statistically significant association was observed
between maternal age and birth weight (p > 0.05). Regarding
gestational age at birth, maternal age showed no direct linear
association; however, the intergroup difference between the
GDM and control cohorts remained statistically significant (f =
0.364; p = 0.029) (Table 10).

Discussion.

The statistical analysis of neonatal data confirms that GDM
increases the risk of extreme birth weight in newborns.
Specifically, OR = 3.95 (95% CI: 1.74-8.97; p = 0.001) was
observed, indicating that the odds of delivering an infant with
a birth weight outside the normal reference range were nearly



fourfold higher among mothers with GDM compared with
healthy controls. Similar findings are reported in the international
literature. Large-scale studies have noted that GDM is associated
with fetal macrosomia, with this risk being particularly elevated
among pregnant women with high glycemic levels [14-18]. For
example, one study conducted at 11 hospitals in northeastern
Italy assessed the independent roles of pre-pregnancy BMI,
gestational weight gain, and GDM in the risk of macrosomia in
a cohort of 14,109 women with complete records. The findings
indicated that maternal obesity, excessive gestational weight
gain, and diabetes should be considered independent risk factors
for neonatal macrosomia [14].

Similarly, another study examined 1,502 pregnancies and
reported that maternal obesity combined with gestational
weight gain exceeding the 2009 Institute of Medicine (IOM)
guidelines doubled the likelihood of delivering a macrosomic
infant compared to women with a normal BMI [16].

Systematic reviews and meta-analysis conducted in 2023
evaluated cohorts registered at clinics in the United Kingdom
and China. The primary outcome measure was the incidence
of macrosomic infants born to women with GDM, while
secondary outcome measures included maternal pre-pregnancy
BMI and maternal age [15]. The meta-analysis concluded that
early screening and GDM control are pivotal in mitigating these
perinatal risks, particularly neonatal macrosomia.

Likewise, a systematic review of national and international
databases was conducted in Iran in 2019. Published
epidemiological studies (cross-sectional, case-control, and
cohort studies) were compared to determine whether GDM
was associated with macrosomia. The resulting meta-analysis
demonstrated a direct link between maternal GDM and elevated
macrosomia rates in Iranian newborns [17].

Regarding low birth weight, our study found a modest
increase in LBW incidence among infants of mothers with
GDM compared to controls (6.36% vs. 1.82%); however, this
association is not consistent across similar studies and may
be attributable to compensatory fetal growth associated with
concurrent complications [19]. A multicenter study conducted
in the United States in 2007, involving a total of 25,505
pregnant women, found that maternal glucose level is strongly
and continuously associated with birth weight [19].

A retrospective study conducted in Italy, involving 203
pregnant women (93 with GDM and 110 without GDM),
confirmed a higher probability of macrosomic infants among
women with GDM compared with healthy pregnant women
[18].

Our findings, accounting for maternal BMI both pre-pregnancy
(x> = 48.74, P < 0.001) and at 38-39 weeks of gestation (y*> =
25.56, P < 0.001), where infants of mothers with GDM and
healthy controls were compared by weight, revealed statistically
significant results and confirmed the importance of maternal BMI
in neonatal weight outcomes — infants of mothers with GDM
in particular showed weight deviations from normal. Similar
results are reported in contemporary studies [14,20,21]. A
cohort study conducted in Saudi Arabia, involving a total of 531
pregnant women, similarly confirmed that neonatal macrosomia
is influenced by both maternal BMI and GDM [20]. Comparable
findings are reported by a multicenter study conducted across 96
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hospitals in China, involving 64,735 pregnant women, whose
main conclusion was that the combined effect of maternal GDM
and BMI increased the risk of neonatal macrosomia [21].

The biological link between GDM and neonatal weight can
be explained as follows: during GDM, a hyperglycemic state
develops in the mother, resulting in excess glucose transfer to
the fetus. The fetus responds to this condition through excessive
insulin production by fetal pancreatic cells. The action of this
insulin leads to a range of metabolic changes, resulting in
increased fetal adiposity and, consequently, an overall increase
in body mass. GDM is thus biologically closely linked to
macrosomia [22]. Statistical analysis of neonatal length clearly
shows that the majority of infants in both groups fall within the
normal range. Infants with length below the normal reference
range were recorded only among mothers with GDM, whereas
the proportion of infants with length above the normal reference
range was similar between the two groups.

Similar findings have also been reported in the international
literature [8,23,24]. Specifically, a retrospective cohort study was
conducted using birth data from a metropolitan maternity center
in Sydney, New South Wales, Australia, covering deliveries that
occurred between 2005 and 2009. The database included a total
of 18,304 pregnant women, of whom women with singleton
pregnancies and a gestational age at birth exceeding 24 weeks
were eligible for inclusion. The study found that GDM is
associated with neonatal growth parameters. Specifically, GDM,
as an independent factor, was found to increase neonatal length
and to be one of the major factors associated with the birth of
long-bodied infants [24]. Along similar lines, a multicenter
study conducted in Norway during 2008-2010, involving
nearly 600 pregnant women, found that offspring of mothers
with GDM were smaller in mid-pregnancy but grew more
rapidly thereafter until birth compared with offspring of healthy
mothers. This tendency was most pronounced among South
Asian mothers with moderate to severe GDM. However, the
most notable characteristic of these fetuses was not their large
size at birth, but rather their smaller size in mid-pregnancy, prior
to the diagnosis of GDM [8]. A further study in this areca was
conducted in the United Kingdom from 2007-2010, involving
10,705 singleton pregnancies (4,747 white European and 5,958
South Asian). This study found that in both ethnic groups, GDM
was associated with early deviations in fetal size prior to GDM
diagnosis, underscoring the need for new strategies to facilitate
earlier diagnosis of gestational hyperglycemia than is possible
with current approaches. The study also concluded that ethnicity-
specific fetal growth criteria are important for identifying the
pathological effects associated with hyperglycemia [23].

The association between GDM and neonatal length may
be explained as follows: as noted above, GDM produces a
hyperglycemic state in the mother, resulting in increased
transplacental glucose transfer to the fetus, which in turn
promotes excessive fetal growth. However, fetal growth
under these conditions is not necessarily uniform and may be
asymmetric. Growth restriction may occur during early fetal
development and subsequently be followed by accelerated
growth later in pregnancy, resulting in excessive growth during
late gestation. Consequently, glucose dysregulation is thus a
cause of both long-bodied and short-bodied fetuses at birth [25].



Some studies indicate that GDM is associated with macrosomia
and abnormal fetal growth, which may be explained by
disturbances in insulin-glucose homeostasis and excessive
transplacental glucose transfer to the fetus [19]. A multicenter
international cohort study, conducted across 15 centers in 9
countries — including the United States, United Kingdom,
Canada, New Zealand, Australia, Belgium, Denmark, Iceland,
and Sweden — confirmed that GDM was directly associated
with macrosomia and abnormal fetal growth. This study was
conducted between 2000-2006 and involved 25,505 pregnant
women [19]. An increase in the number of short-length infant
cases may be attributable to concurrent complications or to
imbalances in vitamin intake and nutritional factors during
pregnancy [26]. A retrospective study published in 2024,
conducted across several hospitals in Israel and involving more
than 11,000 pregnant women, also supports the conclusion that
GDM is a contributing factor in reduced neonatal length [26].

In summary, our data confirm that GDM increases the
probability of extreme fetal growth parameters, encompassing
both birth weight and birth length, thereby underscoring the
importance of maternal metabolic control for fetal development
and delivery risk management.

Our data regarding gestational age at birth showed that GDM
is not, in general, associated with a marked change in the risk
of term delivery. Comparable findings have been reported in
other studies, demonstrating that GDM is closely associated
with fetal growth parameters such as weight and length, but is
not significantly associated with gestational age at birth [27,28].
This may be attributable to advances in maternal monitoring
and early-screening strategies, which help prevent prolonged or
markedly shortened gestation. In this regard, a study conducted
in the United States between 20142019, based on the National
Vital Statistics System (NVSS) database and including data
from more than 52,500 pregnant women, found that GDM is
not a risk factor for gestational age at birth [28].

One of the large population-based cohort studies conducted
in China, involving 105,528 pregnant women, showed that
GDM was associated with preterm birth in general; however,
no significant association was identified with very preterm birth
(<32 weeks). Furthermore, recurrent GDM did not confer an
additional increase in the risk of preterm birth [27].

Our study findings confirm that, despite the effect of GDM
on neonatal physical parameters such as weight and length,
gestational age at birth does not differ significantly between
neonates born to mothers with GDM and those born to healthy
pregnant mothers. This finding may be explained by timely
clinical management and effective maternal metabolic control
throughout pregnancy.

Study limitation.

The study is subject to limitations that are significant when
interpreting the results. It was conducted using a small sample
size in a single-center setting, which precludes generalizing the
findings to the broader population. Furthermore, the retrospective
nature of the data acts as a limiting factor, preventing the
full demonstration or establishment of a cause-and-effect
relationship. It should be noted that a number of confounding
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factors were not taken into account during the study - including
genetic predisposition, physical activity, socioeconomic status,
and dietary habits - which could significantly influence the
development of GDM and, consequently, the developmental
characteristics of the newborn.

We cannot rule out the possibility that women with early-
onset GDM underwent the OGTT at a later stage; given this,
the impact of an early GDM diagnosis on infant growth may be
underestimated.

Given the aforementioned limitations, it is desirable to verify
the obtained results through broader, multicenter studies,
which would enable us to draw much more robust and precise
conclusions. Another limitation is the failure to assess the
dietary factors of the pregnant women.

Conclusion.

Based on the study results, we can conclude that GDM is
associated with extreme physical parameters in newborns;
specifically, the findings indicate a strong association between
GDM and macrosomia. A relatively minor association was also
established between GDM and neonatal length; it was found
that newborns of mothers with GDM more frequently fall into
the categories of short or long stature, reflecting instability and
the risk of extreme fetal growth. The weak association between
GDM and newborn length is confirmed by Odds Ratio analysis,
which failed to demonstrate a statistically significant association.
As for gestational age at birth, it did not differ significantly
compared to newborns of healthy pregnant women. A data
analysis method - multivariable logistic regression - confirmed
the impact of GDM on neonatal parameters such as weight and
gestational age at birth, meanwhile, linear regression analysis
led to the conclusion that maternal age indeed influences fetal
length. The final conclusion highlights the necessity of early
identification and management of GDM to ensure optimal
physical outcomes for the newborn.
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