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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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LENGTH, AND GESTATIONAL AGE: A RETROSPECTIVE CASE-CONTROL STUDY
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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 (χ²) 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, χ²= 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, χ² = 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 (χ² = 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 (β=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.

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), 
1-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 

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/m². 
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) × 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: ± 
√(P×(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 (χ²) 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 × d) / (b × c). This measure is applicable when a 2×2 
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 
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Newborn weight (g) GDM Newborns of healthy mothers χ² P
(n) (%) (n) (%)

11.28 0.0036

>4000 19 17.27%±3.74 6 5.45%±2.26
2500-4000 84 76.37%±3.49 102 92.73%±1.36
1500-2500 7 6.36%±2.43 2 1.82%±1.78
<1500 0 - 0 -
Total 110 100% 110 100%

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

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

Maternal 
pre-pregnancy BMI

Birth weight of newborns of mothers with GDM Birth weight of newborns of healthy mothers

χ² PNormal range 
(2500–4000 g)

Deviation from the norm 
> 4000, 1500–2500, and 
<1500 g

 Normal range
(2500–4000 g)

Deviation from the 
norm > 4000, 1500–
2500, and <1500 g

n % N % n % n %

48.74 <0.001

Underweight 
(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 
(BMI 25–29.9) 23 27.38%±4.59 9 34.61%±5.61 22 21.57%±4.10 0 -

Obesity 
(BMI > 30) 30 35.72%±5 8 30.77%±5.32 3 2.94%±1.68 1 12.50%±3.51

Total 84 100% 26 100% 102 100% 8 100%

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

Maternal BMI 
at 38–39 weeks 
of pregnancy

Birth weight of newborns of mothers with GDM Birth weight of newborns of healthy mothers

χ² P Normal range 
(2500–4000 g)

Deviation from the norm
> 4000, 1500–2500, and
<1500 g

 Normal range 
(2500–4000 g)

Deviation from the
norm > 4000, 1500–
2500, and <1500 g

n % n % n % n %

25.56 <0.001

Underweight 
(BMI < 18.5) 0 - 0 - 0 - 0 -

Healthy weight
(BMI 18.5–24.9) 4 4.77%±2.13 1 3.85%±1.95 17 16.67%±3.71 2 25%±4.94

Overweight 
(BMI 25–29.9) 12 14.29%±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 4. Characteristics of newborn weight distribution based on the mother's BMI recorded at 38–39 weeks of pregnancy

Table 5. Binomial Logistic Regression.
Model Fit Measures
Model Deviance AIC R²McF

1 178 184 0.0622
Note. Models estimated using sample size of N=220

Model Coefficients - Birth weight category
Predictor Estimate SE Z 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
Note. Estimates represent the log odds of "Abnormal Birth weight category = 1" vs. "normal Birth weight
 category = 0"
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Newborn length (CM) Newborns of mothers with GDM Newborns of healthy mothers χ² P
(n) (%) (n) (%)

6.19 0.045
>52 11 10%±2.98 11 10%±2.98
46-52 93 84.55±%2.43 99 90%±0.95
32-45 6 5.45%±2.26 0 -
Total 110 100% 110 100

Table 6. Comparison of newborn length categories between mothers with GDM and healthy mothers.

Odds Ratio (OR)  Newborns of mothers with GDM Newborns of healthy mothers
Normal range: 46–52 cm 93 99
Deviation from the norm (>52 and 32–45 cm). 17 11

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

Gestational age at birth (weeks) Newborns of mothers with GDM Newborns of healthy mothers χ² P
(n) (%) (n) (%)

1.33 0.515

Full-term
(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
Extremely preterm
(<32) 0 - 0 -

Total 110 100% 110 100%

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

Model Fit Measures
Model Deviance AIC R²McF

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 9. Binomial Logistic Regression.

Neonatal parameter (Outcome) Predictor β (Estimate) SE p-value R²

Birth weight (g) Maternal age 11 6.64 0.099 0.025Healthy vs GDM -107.4 70.34 0.128

Length (cm) Maternal age 0.051 0.0227 0.025 0.024Healthy vs GDM 0.165 0.2405 0.494

Gestational age (weeks) Maternal age 0.0006 0.0157 0.967 0.022Healthy vs GDM 0.364 0.1660 0.029

Table 10. Association of maternal age and GDM with fetal parameters.

g, 2500–4000 g, 1500–2500 g, and <1500 g. Infants born to 
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 

between groups (χ² = 11.28, p = 0.0036), confirming a 
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).
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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 
(χ² = 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 (χ² = 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 (β=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 (β=-0.002, SE=0.037, 
p=0.957). The model's McFadden R² 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 32–45 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 χ² = 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).

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 (χ² = 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 
R²McF = 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 (β = 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 (β = 
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 
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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 
(χ² = 48.74, P < 0.001) and at 38–39 weeks of gestation (χ² = 
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 

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 area 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].



150

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 2014–2019, 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 

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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