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What is already known on 
this topic?

•	 Gestational diabetes melli-
tus (GDM) is associated with 
increased risks of adverse peri-
natal outcomes, including higher 
infant birth weight, macrosomia, 
and increased cesarean delivery 
rates.

•	 HbA1c is widely used to assess 
long-term glycemic control in 
non-pregnant individuals; how-
ever, its role in predicting preg-
nancy and neonatal outcomes 
in women with GDM remains 
controversial.

•	 Previous studies have reported 
inconsistent associations between 
maternal HbA1c levels during 
pregnancy and neonatal birth 
weight, partly due to heteroge-
neity in study design, timing of 
measurement, and population 
characteristics.

What this study adds to 
this topic?

•	 In this retrospective cohort, 
maternal HbA1c levels at the time 
of GDM diagnosis were not inde-
pendently associated with neona-
tal birth weight or the presence of 
neonatal complications.

•	 Infants born to mothers with 
GDM had significantly higher 
mean birth weights and higher 
cesarean section rates compared 
with normoglycemic pregnancies, 
independent of HbA1c levels.

•	 HbA1c alone is insufficient for 
predicting fetal growth in GDM 
and should be interpreted along-
side OGTT results and other gly-
cemic monitoring methods.

Abstract
Objective: Gestational diabetes mellitus (GDM) is any level of glucose intolerance disorder that begins or 
is recognized during pregnancy for the first time. Glycated hemoglobin (HbA1c) is used in DM diagnosis, 
treatment, and follow-up. However, there is insufficient data to make a comparable interpretation for HbA1c 
in pregnant women with GDM. This study aimed to investigate the differences in HbA1c levels and new-
born birth weights between GDM and healthy pregnant women.

Methods: A total of 391 pregnant women were enrolled in this study. Of these, 192 were diagnosed with 
GDM based on the oral glucose tolerance test. Additionally, 199 healthy pregnant women with normal 
glucose levels were monitored as the control group. Outpatient records of patients were retrospectively 
scanned.

Results: A total of 192 pregnant women with GDM and 199 healthy normoglycemic pregnant women were 
included in the study. Among all the pregnant women, 320 (81.8%) gave birth via cesarean section (C/S), 
while 71 (18.2%) had a normal spontaneous vaginal birth. The frequency of C/S was found to be higher in 
patients diagnosed with GDM (P < .001). The mean birth weight of all newborns was calculated as 3127.84 
± 674.17 g. The mean birth weight of infants of mothers with GDM was greater than that of infants of 
healthy pregnancies (P < .001). Newborns with complications in GDM pregnancies had lower birth weights 
than newborns without complications (P < .001). Complications were discovered in 59 (30.7%) of the 
pregnant women with GDM. Preterm births in GDM pregnancies were found to be statistically significantly 
lower when compared to normal pregnancies (P = .01). No significant correlation was found between the 
birth weight of newborns and maternal HbA1c (P > .05).

Conclusion: No direct effect of HbA1c levels was found on the birth weight of newborns or the develop-
ment of complications in pregnant women with GDM. These findings indicate a need for further research 
with larger sample sizes of pregnant women.
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Introduction
Women’s health is a cornerstone of public health, and optimizing maternal health outcomes 

remains a global priority. Pregnancy represents a unique physiological state, and complications that 
arise during this period have long-term consequences for both the mother and the child. One of the 
most significant metabolic complications of pregnancy is gestational diabetes mellitus (GDM), a 
condition marked by glucose intolerance that is first recognized during pregnancy.1

Gestational diabetes mellitus is associated with a wide range of maternal and neonatal complica-
tions, including preeclampsia, cesarean delivery, fetal macrosomia, shoulder dystocia, and neonatal 
hypoglycemia. Fetal macrosomia is variably defined in the literature, most commonly as a birth 
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weight of ≥4000 g or ≥4500 g.2,3 Beyond these immediate con-
cerns, GDM is also a critical indicator of future cardiometabolic 
risk, as women with a history of GDM have an elevated likelihood 
of developing type 2 diabetes mellitus (T2DM) and cardiovascular 
disease later in life.3 Similarly, offspring of mothers with GDM face 
increased risks of obesity, impaired glucose tolerance, and meta-
bolic syndrome.4

The global prevalence of GDM has risen markedly, reflecting 
increasing maternal age, obesity, and sedentary lifestyles; esti-
mates vary by diagnostic criteria and population characteristics.5 
Early identification and management of GDM are essential not 
only for improving pregnancy outcomes but also for reducing the 
long-term burden of noncommunicable diseases in women and 
their children.6

Glycated hemoglobin (HbA1c) is widely used in the diagno-
sis and monitoring of diabetes in nonpregnant individuals due 
to its ability to reflect average blood glucose levels over the pre-
ceding 2-3 months, but physiologic changes in pregnancy and 
lack of short-term variability capture limit its standalone utility 
in pregnancy.7 Continuous glucose monitoring (CGM) provides 
complementary dynamic glycemic information that is clinically 
meaningful in pregnant women with diabetes.4 Large cohort and 
guideline documents underpin current approaches to GDM diag-
nosis and management.1,2

This study aims to evaluate the relationship between maternal 
HbA1c levels and infant birth weight in women diagnosed with 
GDM, contributing to the ongoing discourse on how best to inte-
grate HbA1c measurements into obstetric practice. By comparing 
GDM pregnancies with normoglycemic pregnancies, this study 
aims to determine whether HbA1c can serve as a reliable marker 
for fetal growth outcomes and help inform targeted interventions 
for women at risk.8

Methods

Study Population
Among all pregnant women presenting to internal medi-

cine, gynecology, obstetrics, and diabetes outpatient clinics in 
İstanbul Kanuni Sultan Süleyman Training and Research Hospital 
between June 2016 and December 2017 (n = 391), 192 women 
were diagnosed with GDM using the oral glucose tolerance test 
(OGTT). One hundred and ninety-nine healthy pregnant women 
with normal glucose levels who were monitored and delivered 
at the hospital during the same time frame were included as the 
control group. The outpatient records of both cases and controls 
were reviewed retrospectively, and no new examinations were 
requested. Complications during delivery and newborn outcomes 
were examined and extracted retrospectively from obstetrics and 
gynecology clinic records. Written informed consent for publica-
tion of anonymized data was obtained from all participants.

Pregnant women with the following criteria were excluded: a 
known history of diabetes, a fasting plasma glucose (FPG) ≥ 126 
mg/dL, a second hour plasma glucose ≥ 200 mg/dL on 75 g OGTT, 
an HbA1c ≥ 6.5%, concomitant endocrinopathy (adrenal insuffi-
ciency; Cushing’s syndrome, etc.) and patients taking medications 
that alter blood glucose (corticosteroid use, hormone replacement, 
etc.).9

Gestational Diabetes Mellitus Diagnosis
For GDM screening, pregnant women who participated in the 

study were advised to arrive at 08:00 and fast until 12:00 as per the 
routine outpatient protocol. First, voluntary consent was obtained 
and 6 cc venous blood samples were taken to study glucose and 

HbA1c values. According to American Diabetes Association 
(ADA) 2004 criteria, glucose thresholds were accepted as 95 mg/
dL at fasting (0 minutes), 180 mg/dL at 1 hour, and 155 mg/dL 
at 2 hours.3 According to International Association of Diabetes 
and Pregnancy Study Groups (IADPSG) criteria, thresholds were 
accepted as 92 mg/dL at fasting (0 minutes), 180 mg/dL at 1 hour, 
and 153 mg/dL at 2 hours.2 In order to be diagnosed with GDM, 
at least 2 values must be equal to or higher than the ADA 2004 
glucose thresholds, while at least one value must be equal to or 
higher than the IADPSG glucose thresholds.

Ethics Committee Approval
The ethical approval for this study was obtained from The 

Republic of Türkiye Ministry of Health, Public Hospitals Institution 
of Türkiye, İstanbul Province Bakırköy Region Public Hospitals 
Union General Secretariat University of Health Sciences Sadi 
Konuk Training and Research Hospital clinical research Ethics 
Committee (Approval No.: 2017269; Date: September 8, 2017).

Statistical Analysis
The SPSS version 15 (SPSS Inc.; Chicago, IL, USA) program was 

used for statistical analyses. Continuous variables were presented 
as mean ± standard deviation (SD), with values ranging from 
lowest to highest. The conformity of the data to the normal dis-
tribution was evaluated using the Kolmogorov–Smirnov test. The 
Independent samples t-test was used to compare continuous data, 
while the Chi-square test was used to compare categorical vari-
ables. The Spearman and Pearson correlation tests were used to 
evaluate interdata correlation. For all tests, P < .05 was identified 
as the statistical significance level.

Results
A total of 391 pregnant women were included in the analysis; 

192 (49.1%) were diagnosed with GDM and 199 (50.9%) served 
as controls. Laboratory results and timing of GDM diagnosis are 
summarized in Table 1.

In women with GDM, median (range) values were: AST 15.0 
(8.0–80.0) mg/dL, ALT 12.0 (4.0–115.0) mg/dL, GGT 11.0 (2.0–
139.0) mg/dL, ALP 87.5 (13.3–451.0) IU/L, and MPV 10.7 (7.2–
13.8) fL (Table 1). The median/mean HbA1c values by week of 
diagnosis are presented in Table 2.

The overall mean birth weight was 3127.8 ± 674.2 g. Birth 
weight distribution for the cohort is shown in Table 3: 84/391 
(21.5%) newborns weighed 2501–3000 g, 137/391 (35.0%) 
weighed 3001–3500 g, and 85/391 (21.7%) weighed 3501–4000 
g. Using macrosomia defined as ≥4000 g, 6.8% (n = 13/192) of 
infants of GDM mothers and 3.5% (n = 7/199) of infants of non-
GDM mothers met this criterion (P = .003).

Overall, 320/391 (81.8%) deliveries were by cesarean section 
(C/S) and 71/391 (18.2%) were spontaneous vaginal deliveries. 
Cesarean section was significantly more frequent among women 
with GDM than controls (P < .001) (Table 4). Mean birth weight 
was higher in infants born to mothers with GDM compared with 
controls (3249.5 ± 661.7 g vs. 3010.4 ± 666.7 g; P < .001) (Table 2).

Preterm birth (<37 weeks) occurred in 36/192 (18.8%) of GDM 
pregnancies vs. 64/199 (32.2%) of controls (P = .01). Term deliv-
eries (37-41+6 weeks) accounted for 148/192 (77.1%) of GDM 
pregnancies and 128/199 (64.3%) of controls; postterm/lateterm 
deliveries were uncommon in both groups (Table 2).

Among the 192 GDM pregnancies, 59 (30.7%) infants experi-
enced one or more neonatal complications. Of these 59 infants, 
34 (57.6%) had transient neonatal tachypnea, 15 (25.4%) had 
hyperbilirubinemia, 7 (11.9%) had cardiac anomaly, 2 (3.4%) 
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experienced hypoglycemia, and 1 (1.7%) had diaphragmatic her-
nia. Infants with complications had significantly lower mean birth 
weight than those without complications (2869.5 ± 786.9 g vs. 
3418.1 ± 518.1 g; P < .001).

Among infants of GDM mothers, 16/59 (27.1%) with compli-
cations were low birth weight (<2500 g) compared with 4/133 
(3.0%) without complications (P < .001). Conversely, macroso-
mia (≥4000 g) was observed in 3/59 (5.1%) of infants with com-
plications vs. 10/133 (7.5%) without complications (Table 4). 
Preterm delivery was more frequent among infants with compli-
cations (23/59, 39.0%) than among those without (13/133, 9.8%) 
(P < .001).

Table 1. Distribution of HbA1c and Biochemical Parameters of Patients 
with GDM

Laboratory Findings Median (Min-Max)

  AST (mg/dL) 15.0 (8.0-80.0)

  ALT (mg/dL) 12.0 (4.0-115.0)

  GGT (mg/dL) 11.0 (2.0-139.0)

  ALP (mg/dL) 87.50 (13.3-451.0)

  MPV (fl) 10.70 (7.2-13.8)

HbA1c (mg/dL) n (%)

  4-4.5 4 (2)

  4.6-5 35 (17.1)

  5.1-5.5 87 (42.4)

  5.6-6 49 (23.9)

  6.1-6.4 23 (11.2)

  6.5-7.5 7 (3.4)

GDM Week of Diagnosis (Week) n (%)

  10 1 (0.5)

  14 1 (0.5)

  16 2 (1)

  17 1 (0.5)

  18 1 (0.5)

  20 3 (1.5)

  21 2 (1)

  23 1 (0.5)

  24 6 (3)

  25 11 (5.4)

  26 21 (10.3)

  27 17 (8.4)

  28 43 (21.2)

  29 21 (10.3)

  30 16 (7.9)

  31 16 (7.9)

  32 9 (4.4)

  33 9 (4.4)

  34 6 (3)

  35 8 (3.9)

  36 6 (3)

  37 1 (0.5)

  38 1 (0.5)

GDM, gestational diabetes mellitus; HbA1c, glycated hemoglobin; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; GGT, 
gamma-glutamyl transferase; ALP, alkaline phosphatase; MPV, mean 
platelet volume

Table 2.  Evaluation of Labor-related Complications in Pregnant Women 
with GDM

​

Complication

Yes No

Mean ± SD Mean ± SD P

*Biochemical findings

  HbA1c 5.42 ± 0.54 5.41 ± 0.52 .860

  AST (mg/dL) 19.9 ± 12.1 17.3 ± 9.1 .200

  ALT (mg/dL) 19.3 ± 21.7 14.3 ± 12.1 .030

  GGT (mg/dL) 14.6 ± 11.1 15.8 ± 21.7 .460

  ALP (mg/dL) 103.1 ± 67.6 86.9 ± 28.5 .530

  MPV (fL) 10.9 ± 1.3 10.6 ± 1.2 .190

*Obstetric findings ​ ​ ​

  Birth weight (grams) 2869.5 ± 786.9 3418.1 ± 518.1 <.001

  GDM—Week of 
diagnosis

28.7 ± 4.12 28.3 ± 4.1 .550

​ n (%) n (%) P

*Birth weight ​ ​ ​

  Low 16 (27.1) 4 (3.0) ​<.001

  Normal 40 (67.8) 119 (89.5)

  Macrosomia 3 (5.1) 10 (7.5)

**Week of birth ​ ​ ​

  Preterm 23 (39.0) 13 (9.8) ​<.001

  Term 35 (59.3) 113 (85.0)

  Postterm 1 (1.7) 7 (5.2)

**Week of diagnosis ​ ​ ​

  First trimester 0 (0) 1 (0.8) ​.530

  Second trimester 28 (47.4) 73 (54.9)

  Third trimester 31 (52.6) 59 (44.3)

*The independent sample t-test was used to compare continuous data.
**The Chi-square test was used to compare categorical variables.
HbA1c, glycated hemoglobin; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; GGT, gamma-glutamyl transferase; ALP, 
alkaline phosphatase; MPV, mean platelet volume
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Mean maternal ALT was higher among mothers whose infants 
developed complications compared with those whose infants did 
not (19.3 ± 21.7 mg/dL vs. 14.3 ± 12.1 mg/dL; P = .030) (Table 2). 
No other routine biochemical markers differed significantly.

Maternal HbA1c was positively correlated with the week of 
GDM diagnosis (Spearman’s rho = 0.175; P = .010) and with 
maternal ALP (rho = 0.262; P = .001) (Table 5). In the subgroup 
diagnosed between 24 and 28 weeks, no significant correlation 
was found between maternal HbA1c and infant birth weight. 
Overall, infant birth weight was not significantly correlated with 
maternal HbA1c, AST, ALT, GGT, ALP, or MPV (all P > .05).

Discussion
Gestational diabetes mellitus remains the most common meta-

bolic disorder of pregnancy and carries a substantial global public 

health burden because of its short and long term consequences 
for mothers and offspring.10 Despite this, substantial uncertainty 
and heterogeneity persist across clinical guidelines for screening, 
diagnosis, and treatment, which hampers consistent prevention 
and management at the population level.11 Growing evidence 
links GDM to multiple adverse perinatal outcomes and later 
cardiometabolic risk in both mother and child.12 From a public 
health perspective, the rising prevalence of GDM—driven in part 
by increasing rates of obesity, delayed childbearing, and popu-
lation aging—translates into higher healthcare utilization and 
costs, greater demand for neonatal and long term chronic disease 
services, and amplified health inequalities.13 Because maternal 
hyperglycemia also programs offspring risk for obesity and diabe-
tes, effective prevention and management of GDM offer a unique 
opportunity to interrupt intergenerational transmission of cardio-
metabolic disease and to achieve substantial population health 
gains.14

Perinatal risks associated with GDM are well documented: 
newborns of mothers with GDM have increased risk of macro-
somia and perinatal complications including large for gestational 
age (LGA- large for gestational age-—commonly defined as birth 
weight >90th percentile for gestational age, shoulder dystocia, 
brachial plexus injury, clavicle fracture, and perinatal asphyxia.15 
In the study population, nearly half of GDM diagnoses (48.3%) 
were made in the conventional 24-28 weeks screening window 
and only a single patient was diagnosed in the first trimester. 
Because the design was case–control, clinic level incidence can-
not be reported; nonetheless, the concentration of diagnoses in the 
mid pregnancy window reinforces the public health importance 
of timely screening and the need to identify and target high-risk 
women earlier when appropriate.

The role of HbA1c in GDM screening and monitoring remains 
controversial. Glycated hemoglobin reflects mean glycemia over 

Table 3. Distribution of All Newborns’ Birth Weights

​
​ Mean ± SD

Baby birth weight (g) 3127.84 ± 674.17

Baby birth weight (g) (groups) n (%)

  1000-1500 8 (2)

  1501-2000 16 (4.1)

  2001-2500 41 (10.5)

  2501-3000 84 (21.5)

  3001-3500 137 (35)

  3501-4000 85 (21.7)

  4001-4500 15 (3.8)

  4501-5000 4 (1)

  5001-5500 1 (0.3)

Week of birth n (%)

  28 1 (0.3)

  30 3 (0.8)

  31 5 (1.3)

  32 12 (3.1)

  33 1 (0.3)

  34 12 (3.1)

  35 21 (5.4)

  36 45 (11.5)

  37 49 (12.5)

  38 94 (24.1)

  39 92 (23.5)

  40 41 (10.5)

  41 12 (3.1)

  42 2 (0.5)

  43 1 (0.3)

Table 4.  Comparison of Birth Outcomes of Healthy Pregnant Women 
and Pregnant Women with GDM

​ GDM
Healthy 

Pregnant Women ​

​ Mean ± SD Mean ± SD P

*Birth weight (g) 3249.5 ± 661.7 3010.4 ± 666.7 <.001

​ n (%) n (%) P

**Method of delivery ​ ​ ​

  C/S 178 (92.7) 142 (71.4) .001

  NSD 14 (7.3) 57 (28.6)

**Birth weight ​ ​ ​

  Low* 20 (10.4) 45 (22.6) ​
.003

​  Normal 159 (82.8) 147 (73.9)

  Macrosomia 13 (6.8) 7 (3.5)

**Week of birth ​ ​ ​

  Preterm 36 (18.8) 64 (32.2) ​
.01
​  Term 148 (77.1) 128 (64.3)

  Postterm 8 (4.2) 7 (3.5)

*The independent sample t-test was used to compare continuous data.
**The Chi-square test was used to compare categorical variables.
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the preceding 8-12 weeks but does not capture short-term vari-
ability such as postprandial hyperglycemia, a pattern particularly 
relevant to fetal overgrowth.16 Heterogeneity in study populations, 
timing of measurement, and diagnostic criteria for GDM has pro-
duced inconsistent findings about which HbA1c thresholds—if 
any—predict adverse pregnancy outcomes.17 For example, worse 
outcomes have been reported among Asian Indian women with 
GDM at HbA1c >5.0% (31 mmol/mol),18,19 while other work has 
linked an HbA1c cutoff of 6.0% (42 mmol/mol) at diagnosis to 
increased risks of macrosomia, neonatal asphyxia, cesarean deliv-
ery, preeclampsia, and placental abruption.20 An older Taiwanese 
study of high-risk women reported associations between mid-
pregnancy HbA1c values below 4.5% and at 6% and adverse 
outcomes.21 These disparate findings illustrate how timing, pop-
ulation, and endpoint selection alter apparent associations. In 
contrast to these heterogeneous reports, the findings clearly dem-
onstrated that maternal HbA1c was not associated with infant birth 
weight, neither in the overall cohort nor across the wide diagnos-
tic window of 10-38 gestational weeks. This result underscores 
that, within the population, HbA1c at the time of GDM diagnosis 
did not predict fetal growth.

Because HbA1c tends to be lower in pregnancy and does not 
reflect daily glycemic excursions, relatively few patients cross 
conventional diagnostic thresholds even when glycemic control 
is suboptimal.22 Nevertheless, a sizable subset of women in the 
cohort—roughly one-third—fell into high-risk categories despite 
recent diagnosis. This suggests that even moderate elevations in 
HbA1c at diagnosis, when interpreted alongside other clinical 
data, may identify women needing intensified monitoring or ear-
lier intervention.23 However, current evidence does not support 
using HbA1c alone for diagnosis or as the sole monitoring tool in 
pregnancy; it is better used in conjunction with self-monitoring of 
blood glucose (SMBG) and, where available, CGM.24 The results 
further support this view, as HbA1c alone did not reflect variations 
in neonatal birth weight, highlighting the limitations of relying on 
HbA1c as an indicator of fetal overgrowth risk.

Consistent with prior studies, increased birth weight and a higher 
frequency of neonatal complications were observed among infants 
of mothers with GDM in the cohort. Sacks et al23 characterized 
direct GDM complications as LGA newborns, primary cesarean 
delivery, and neonatal hypoglycemia, with indirect complications 
including preterm birth, birth injuries, need for neonatal intensive 
care, hyperbilirubinemia, and preeclampsia. In the study, the most 
frequent neonatal complications were transient tachypnea, jaun-
dice, and cardiac anomalies. A lower incidence of preterm birth 
was observed than compared with some reported series, which 
may reflect the multidisciplinary approach, frequent antenatal 
follow-up, and practice of early hospitalization for high-risk cases.

Obstetric management patterns in the cohort also deserve 
emphasis. Cesarean delivery was common among women with 
GDM (81.8% in the sample). While GDM itself is not an absolute 
indication for C/S, fetal overgrowth and obstetric complications 
(failed induction, non-progressive labor, fetal distress) increase 
cesarean risk; clinical guidance (e.g., ACOG) recommends consid-
eration of elective cesarean when estimated fetal weight is ≥4500 
g in diabetic pregnancies.3 The high cesarean rate likely reflects 
both the true increased obstetric risk in GDM and referral bias 
inherent to a tertiary care center, which limits generalizability.

Limitations
Since it is a retrospective and single-center study, the study 

has some inevitable limitations. Because the true frequency of 
GDM in the population where the study was conducted was not 
clearly known and no preliminary assessment of maternal aware-
ness existed, the lack of complete documentation in medical files 
created challenges for detailed analysis. Furthermore, the assess-
ment of perinatal complications was based solely on file records; 
therefore, additional clinical conditions that developed in the 
postpartum intensive care unit—such as intubation, mortality, or 
retinopathy of prematurity—could not be evaluated. Another limi-
tation arising from the retrospective design was that the gestational 
age at GDM diagnosis varied widely, ranging from 10 to 38 weeks, 
which may have introduced heterogeneity in the interpretation of 
metabolic parameters and perinatal outcomes. On the other hand, 
the evaluation of HbA1c levels and their correlation with routinely 
assessed biochemical markers provided important clinical insights.

There is insufficient evidence for the follow-up on HbA1c 
levels alone in pregnant women, regardless of GDM presence. 
Therefore, monitoring HbA1c levels in pregnant women with pre-
pregnancy DM seems more rational. All pregnant women with 
FPG, HbA1c, or random PG should be screened in the first tri-
mester, and all pregnant women without overt diabetes or GDM 
should be screened with 75 g OGTT between the 24th and 28th 
weeks of gestation. In pregnant women with GDM, HbA1c levels 
should be measured in addition to the SMBG. Lifestyle changes 
(diet, exercise) should be recommended to all women with GDM. 
Pregnant women with GDM should be informed about the risk of 
developing T2DM during the postpartum period (4th-12th week) 
and should be followed up on at least every 3 years for the rest of 
their lives. If prediabetes (impaired fasting glucose/impaired glu-
cose tolerance) is detected during these times, lifestyle changes 
(diet and exercise) should be advised.

In this retrospective single-center cohort, no significant inde-
pendent association was observed between maternal HbA1c 
measured at diagnosis and neonatal birth weight or the frequency 
of perinatal complications. Routine OGTT screening at 24-28 

Table 5.  Correlation of Birth Weight and HbA1c Level with Other Parameters

​ ​ HbA1C AST ALT GGT ALP MPV

Birth weight r 0.084 −0.130 −0.037 −0.006 −0.133 −0.031

P 0.240 0.080 0.620 0.940 0.100 0.680

​ ​ Week of diagnosis AST ALT GGT ALP MPV

HbA1C r 0.175 -0.022 -0.012 -0.032 0.262 0.068

P 0.010 0.770 0.870 0.700 0.001 0.350

Correlations were assed using Spearman’s rank correlation. HbA1c, glycated hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransfer-
ase; GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase; MPV, mean platelet volume
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weeks, coupled with close glycemic monitoring and individual-
ized risk assessment, remains the most evidence-based strategy 
for detecting and managing GDM. To clarify the role of HbA1c 
in risk stratification and monitoring, large prospective multicenter 
studies are needed in which HbA1c is measured at standardized 
times (including preconception where possible), and findings are 
analyzed in conjunction with SMBG/CGM data and robust adjust-
ment for confounders. Such studies will be essential to define 
pregnancy-specific HbA1c targets and to inform public-health 
strategies aiming to reduce GDM-related morbidity.

Data Availability Statement: The data that support the findings of this study 
are available on request from the corresponding author.

Ethics Committee Approval: Ethical committee approval was received 
from the Ethics Committee of University of Health Science, Sadi Konuk 
Training and Research Hospital (Approval No.: 2017269; Date: September 
8, 2017).

Informed Consent: Written informed consent was obtained from the par-
ticipants who agreed to take part in the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – G.Y.D., O.T.; Design – O.T., A.K; Supervi-
sion A.K., M.A.; Resources – O.T., A.K.; Materials – G.Y.D.; Data Collection 
and/or Processing G.Y.D., A.K.; Analysis and/or Interpretation – A.K., M.A.; 
Literature Search – O.T., A.K.; Writing - G.Y.D., A.K.; Critical Review – A.K., 
M.A.

Declaration of Interests: The authors have no conflict of interest to declare.

Funding: The authors declared that this study has received no financial 
support.

References
1.	 HAPO Study Cooperative Research Group, Metzger  BE, Lowe  LP, 

et  al. Hyperglycemia and adverse pregnancy outcomes. N Engl J 
Med. 2008;358(19):1991-2002. [CrossRef]

2.	 International Association of Diabetes and Pregnancy Study Groups 
Consensus Panel, Metzger BE, Gabbe SG, et al. International asso-
ciation of diabetes and pregnancy study groups recommendations on 
the diagnosis and classification of hyperglycemia in pregnancy. Dia-
betes Care. 2010;33(3):676-682. [CrossRef]

3.	 American Diabetes Association. Classification and diagnosis of dia-
betes: standards of Medical Care in Diabetes—2021. Diabetes Care. 
2021;44(Suppl 1):S15-S33. [CrossRef]

4.	 Feig DS, Donovan LE, Corcoy R, et al. Continuous glucose monitoring 
in pregnant women with type 1 diabetes (CONCEPTT): a multicentre 
randomized trial. Lancet. 2017;390(10110):2347-2359. [CrossRef]

5.	 Ferrara A. Increasing prevalence of gestational diabetes mellitus: a 
public health perspective. Diabetes Care. 2007;30(Suppl 2):S141-S146. 
[CrossRef]

6.	 Ye W, Luo C, Huang J, Li C, Liu Z, Liu F. Gestational diabetes mel-
litus and adverse pregnancy outcomes: systematic review and meta-
analysis. BMJ. 2022;377:e067946. [CrossRef]

7.	 Wang  M, Hng  TM. HbA1c: more than just a number. Aust J Gen 
Pract. 2021;50(9):628-632. [CrossRef] 

8.	 Carpenter  MW, Coustan  DR. Criteria for screening tests for gesta-
tional diabetes. Am J Obstet Gynecol. 1982;144(7):768-773. 
[CrossRef]

9.	 Lowe LP, Metzger BE, Dyer AR, et al. Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) Study: associations of maternal glyce-
mia and perinatal outcomes. Diabetes Care. 2012;35(3):574-580. 
[CrossRef]

10.	 Plows  JF, Stanley  JL, Baker  PN, Reynolds  CM, Vickers  MH. The 
pathophysiology of gestational diabetes mellitus. Int J Mol Sci. 
2018;19(11):3342. [CrossRef]

11.	 Landon MB, Spong CY, Thom E, et al. A multicenter, randomized 
trial of treatment for mild gestational diabetes. N Engl J Med. 
2009;361(14):1339-1348. [CrossRef]

12.	 Buchanan  TA, Xiang  AH, Page  KA. Gestational diabetes mellitus: 
risks and management during and after pregnancy. Nat Rev Endo-
crinol. 2012;8(11):639-649. [CrossRef]

13.	 Bellamy  L, Casas  JP, Hingorani  AD, Williams  D. Type 2 diabetes 
mellitus after gestational diabetes: a systematic review and meta-
analysis. Lancet. 2009;373(9677):1773-1779. [CrossRef]

14.	 Kc K, Shakya S, Zhang H. Gestational diabetes mellitus and mac-
rosomia: a literature review. Ann Nutr Metab. 2015;66(suppl 2):14-
20. [CrossRef]

15.	 Barquiel  B, Herranz  L, Hillman  N, et  al. HbA1c and gestational 
weight gain are factors that influence neonatal outcome in mothers 
with gestational diabetes. J Womens Health (Larchmt). 2016;25(6):579-
585. [CrossRef]

16.	 Ye M, Liu Y, Cao X, et al. The utility of HbA1c for screening GDM 
and relationship with adverse outcomes. Diabetes Res Clin Pract. 
2016;114:43-49. [CrossRef]

17.	 Coetzee A, Mason D, Hall DR, et al. Antenatal HbA1c to predict 
early postpartum diabetes after GDM in South Africa. Diabetes Res 
Clin Pract. 2018;143:50-55. [CrossRef]

18.	 Iwama N, Sugiyama T, Metoki H, et al. Associations between HbA1c 
at <24 weeks and adverse outcomes: JECS. Diabetes Res Clin Pract. 
2020;169:108377. [CrossRef]

19.	 Bhavadharini B, Mahalakshmi MM, Deepa M, et al. Elevated gly-
cated hemoglobin predicts macrosomia among Asian Indian pregnant 
women (WINGS-9). Indian J Endocrinol Metab. 2017;21(1):184-189. 
[CrossRef]

20.	 Kumar N, Kumar P, Harris N, et al. Impact of maternal HbA1c ≤6% 
in nondiabetic pregnancies on birthweight and neonatal hypoglyce-
mia. J Pediatr. 2020;226:281-284.e1. [CrossRef]

21.	 Ho YR, Wang P, Lu MC, Tseng ST, Yang CP, Yan YH. Associations 
of mid-pregnancy HbA1c with gestational diabetes and risk of adverse 
pregnancy outcomes in high-risk Taiwanese women. PLOS One. 
2017;12(5):e0177563. [CrossRef]

22.	 Hong JGS, Fadzleeyanna MYN, Omar SZ, Tan PC. HbA1c at term 
delivery and adverse pregnancy outcome. BMC Pregnancy Child-
birth. 2022;22(1):679. [CrossRef]

23.	 Sacks  DA, Hadden  DR, Maresh  M, et  al. Frequency of GDM at 
collaborating centers based on IADPSG criteria. Diabetes Care. 
2012;35(3):526-528. [CrossRef]

24.	 Reece EA. The fetal and maternal consequences of GDM. J Matern 
Fetal Neonatal Med. 2010;23(3):199-203. [CrossRef]

https://dx.doi.org/10.1056/NEJMoa0707943
https://dx.doi.org/10.2337/dc09-1848
https://dx.doi.org/10.2337/dc21-S002
https://dx.doi.org/10.1016/S0140-6736(17)32231-5
https://dx.doi.org/10.2337/dc07-S206
https://dx.doi.org/10.1136/bmj-2021-067946
https://dx.doi.org/10.31128/AJGP-03-21-5866
https://dx.doi.org/10.1016/0002-9378(82)90349-0
https://dx.doi.org/10.2337/dc11-1977
https://dx.doi.org/10.3390/ijms19113342
https://dx.doi.org/10.1056/NEJMoa0902430
https://dx.doi.org/10.1038/nrendo.2012.96
https://dx.doi.org/10.1016/S0140-6736(09)60731-5
https://dx.doi.org/10.1159/000371628
https://dx.doi.org/10.1089/jwh.2015.5432
https://dx.doi.org/10.1016/j.diabres.2016.03.028
https://dx.doi.org/10.1016/j.diabres.2018.07.013
https://dx.doi.org/10.1016/j.diabres.2020.108377
https://dx.doi.org/10.4103/2230-8210.196003
https://dx.doi.org/10.1016/j.jpeds.2020.07.032
https://dx.doi.org/10.1371/journal.pone.0177563
https://dx.doi.org/10.1186/s12884-022-05000-7
https://dx.doi.org/10.2337/dc11-1791
https://dx.doi.org/10.3109/14767050903311648

