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ABSTRACT
Aim: Gestational Diabetes Mellitus (GDM) is the most common endocrine complication in pregnancy with fetomaternal comorbidities. 
It is aimed to evaluate fasting blood glucose (FBG), homeostasis model assessment of insulin resistance (HOMA-IR), and hemoglobin 
A1c (HbA1c) values in the first trimester in non-obese pregnant women for early detection of GDM. 
Material and Methods: Pregnant women with first-trimester FBG, HOMA-IR, HbA1c values, and second-trimester OGTT results were 
scanned from the hospital database. First-trimester height, weight, age and gestational weeks were also recorded. The presence of Body 
Mass Index (BMI) over 30 kg/m2, chronic and systemic disease and history of G(DM) were not included in the study. ROC analysis was 
performed on FBG, HOMA-IR, and HbA1c.
Results: This retrospective study was conducted between 01/01/2021, and 01/01/2022 in Tuzla State Hospital Gynecology and Obstetrics 
Clinic. 131 pregnant women who met the inclusion criteria were reached. Twenty of pregnant women were evaluated as GDM positive(+). 
Age, height, weight, BMI, gestational week, and nulliparity were observed to be similar between the groups. FBG, insulin, HOMA-IR, 
and HbA1c values were higher in the group with GDM. As a result of ROC analysis, those with an FBG value of 88,5 mg/dl (sensitivity 
68.2%, specificity 68.2%), a HOMA-IR value of 2.24 (sensitivity 63.6%, specificity 64.5%), and a HbA1c (sensitivity 68.2%, specificity 
66.7%) value of over 5.25% were observed to be at risk for GDM. 
Conclusion: It has shown that pregnant women with high first trimester FBG, HOMA-IR and HbA1c have a high risk for GDM and can 
be used as a predictor of GDM.
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ÖZ
Amaç: Gestasyonel Diabetes Mellitus (GDM), fetomaternal komorbiditeleri olan gebelikte en sık görülen endokrin komplikasyondur. 
GDM'nin erken tanısı için obez olmayan gebelerde ilk trimesterde açlık kan şekeri (AKŞ), insülin direnci homeostaz modeli 
değerlendirmesi (HOMA-IR), Hemoglobin A1c (HbA1c) değerlerinin değerlendirilmesi amaçlanmıştır.
Gereç ve Yöntemler: Birinci trimester AKŞ, HOMA-IR, HbA1c değerleri ve ikinci trimester OGTT sonuçları olan gebeler hastane 
veri tabanından tarandı. İlk trimester boyu, kilosu, yaşı ve gebelik haftaları da kaydedildi. Vücut kütle indeksi (VKİ) 30 kg/m2'nin 
üzerindekiler, kronik ve sistemik hastalığı ve (GDM) öyküsü olanlar çalışmaya dahil edilmedi. ROC analizi AKŞ, HOMA-IR, HbA1c 
üzerinde yapıldı.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is the most common 
endocrinological disease observed during pregnancy, char-
acterized by an increase in fetal and maternal complications 
(1). In studies, high body mass index (BMI), fasting blood 
glucose (FBG), maternal abdominal circumference, and the 
presence of polycystic ovary syndrome have all been iden-
tified as risk factors for GDM in studies (2). The American 
Diabetes Association evaluated haemoglobin A1C (HbA1c) 
≥6.5 among the diagnostic criteria for diabetes in 2010 (3). 
Studies have also found that high HbA1c levels in GDM 
patients increase GDM presence and the medication need-
ed for GDM (4). GDM-associated fetal risks include fetal 
death, macrosomia, shoulder dystocia, hypoglycemia, res-
piratory distress syndrome, and childhood obesity. Mater-
nal risks include preeclampsia, caesarean (C/S) delivery, 
and more importantly, an increased risk of developing type 
2 diabetes mellitus (T2DM) in later life (1,5,6). Therefore, it 
is critical to detect GDM early in pregnancy and take meas-
ures to reduce the risk. 

Insulin resistance (IR) is an important pathogenic mecha-
nism for GDM development. Maternal hyperinsulinemia 
and IR are the characteristic patterns during normal preg-
nancy to meet the needs of the fetus (7). However, more 
IR is formed in peripheral tissues in pregnant women with 
GDM (8). The homeostasis model assessment of insulin 
resistance (HOMA-IR) which is used to measure FBG and 
insulin, is an excellent parameter to detect IR. Being over-
weight before pregnancy and weight gain during pregnancy 
is associated with GDM development in pregnancy. Patients 
with a high BMI and IR have a greater risk of developing 
GDM (9). Increased BMI and the presence of a history of 
GDM are risk factors for GDM. However, normal BMIs and 
without risk factors for GDM can also develop GDM. 

This study aims to evaluate the relationship between FBG, 
HOMA-IR and HbA1c results in the first trimester and 
GDM in non-obese pregnant women.

MATERIALS and METHODS 

This study was planned between 01/01/2021 - 01/01/2022 
as a retrospective study in which pregnant women whose 
fasting blood glucose and fasting insulin values in the first 
trimester were available and had oral glucose tolerance test 
(OGTT) at 24-28th gestational weeks in Tuzla State Hospi-
tal. Approval was obtained from the Marmara University 
Faculty of Medicine Ethics Committee for the study (deci-
sion no: 09.2022.48). The study was designed in accordance 
with the Helsinki Declaration.

Study Population

Pregnant women whose first-trimester FBG, fasting insulin, 
HbA1c, and second-trimester OGTT values data were avail-
able included in the study. Those with known chronic and 
systemic diseases, previous history of DM or GDM, mul-
tiple pregnancies, perinatal complications (preeclampsia, 
eclampsia, intrahepatic cholestasis of pregnancy, polyhy-
dramnios, oligohydramnios, intrauterine growth retarda-
tion), a BMI level over 30 kg/m2 or whose BMI values were 
unavailable were excluded from the study. A total of 212 
pregnant women with FBG, fasting insulin, and HbA1c 
levels in the first trimester were reached. As a result, 131 
pregnant women whose OGTT values in their 2nd trimester 
were available and met the inclusion criteria were evaluated 
(Figure 1) .

GDM Screening

HOMA-IR assessment was calculated with the formu-
la FBG*fasting insulin/405 (10). Pregnant women whose 
HOMA-IR and OGTT results were available in the hospital 
database were evaluated. In addition, the pregnant wom-
en age and BMI were recorded via the system. In the sec-
ond-trimester GDM screening of these patients, those with 
a 50-gram OGTT result >200 mg/dl, those whose 75-gram 
OGTT result is >92 mg/dl in fasting, >180 mg/dl in the 1st 
hour, >155 mg/dl in the second hour, and the cases in which 
at least 2 of the values of fasting >95 mg/dl, first hour >180 
mg/dl, second hour >155mg/dl, third hour >140 mg/dl were 
positive were defined as GDM (11,12).

Bulgular: Bu retrospektif çalışma 01/01/2021-01/01/2022 tarihleri arasında Tuzla Devlet Hastanesi Kadın Hastalıkları ve Doğum 
Kliniği'nde yapıldı. Dahil edilme kriterlerini karşılayan 131 hamile kadına ulaşıldı. Gebelerin yirmisi GDM pozitif (+) olarak 
değerlendirildi. Yaş, boy, kilo, VKİ, gebelik haftası, nulliparite gruplar arasında benzer olarak gözlendi. AKŞ, insülin, HOMA-IR, HbA1c 
değerleri GDM'li grupta daha yüksekti. ROC analizi sonucunda, AKŞ değeri 88,5 mg/dl (sensitivite %68.2, spesifite %68.2), HOMA-IR 
değeri 2.24 (sensitivite %63.6, spesifite %64.5) ve HbA1c değeri %5.25'in (sensitivite %68.2, spesifite %66.7) üzerinde olanların GDM 
için risk altında olduğu gözlenmiştir.
Sonuç: Birinci trimester yüksek AKŞ, HOMA-IR ve HbA1c olan gebelerin GDM için yüksek risk taşıdığını ve GDM'nin bir göstergesi 
olarak kullanılabileceğini göstermiştir.
Anahtar Sözcükler: İlk trimester, GDM, AKŞ, HOMA-IR, HbA1c, Öngörü
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The Primary Outcome of the Study 

FBG, fasting insulin values, HOMA-IR values, and HbA1c 
values are important parameters in terms of GDM. It aimed 
to evaluate the relationship between the value of these 
parameters in the first trimester and the OGTT results, 
which is the gold standard in diagnosis, and the relationship 
between GDM prediction and these parameters in patients 
diagnosed with GDM. 

Statistical Analysis

Statistical analyses were performed using the IBM SPSS 
ver 23 (www.ibm.com/products/spss-statistics). The varia-
bles were investigated using visual and analytical methods 
(Kolmogorov-Smirnov/Shapiro–Wilk’s test) to determine 
whether or not they are normally distributed. Descriptive 
analyses were presented using means and standard devia-
tion for normally distributed variables and interquartile 
range (IQR) and medians for the non-normally distributed 
variables. Nonparametric comparisons were made using the 
Mann–Whitney U test and parametric comparisons were 

made using Student’s t-test. A p-value of less than 0.05 was 
considered to show statistically significant results. Correla-
tion tests and ROC analysis were also used to evaluate the 
relationship between GDM and first-trimester parameters.
Comparison of ROC curves were calculated according to 
DeLong method. A p-value of less than 0.05 was considered 
to show statistically significant results.

RESULTS

Between the dates determined for the study, 212 pregnant 
women who met the inclusion criteria with their FBG, 
fasting insulin, HbA1c, height, and weight data in the first 
trimester of pregnancy were reached via the hospital data 
system. 131 pregnant women who underwent OGTT in 
the second trimester among these pregnant women were 
included in the study. While 111 of these pregnant did not 
have GDM, 20 (15.27%) of them had GDM.

When the pregnant women demographic characteristics 
were examined, the mean age was 31.50 ± 4.65 years in the 
GDM group and 27.40 ± 5.11 years in the healthy group, 

Figure 1. Flow chart for the study population
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and there was a significant difference between the groups 
(p<0.001). Maternal weight (p=0.235), height (p=0.355), 
BMI (p=0.095), gestational week at sampling (p=0.107), 
and nulliparity rates (p=0.423) were similar in both groups 
(Table 1).

When the biochemical parameters were evaluated, a sig-
nificant increase in FBG was observed in the group with 
GDM and in the healthy group at 91.81 ± 7.00 and 86.00 
± 9.13, respectively (p<0.001). Again, the insulin level was 
12.38 ± 6.97 and 10.22 ± 7.61 in the group with GDM and 
the healthy group, respectively. The difference in the group 
with GDM was found to be significantly higher (p=0.032). 
In the evaluation of HOMA-IR, it was observed as 2.88 ± 
1.83 and 2.24 ± 2.06 in the GDM group and healthy group, 
respectively (p=0.010). HbA1c was 5.30 ± 0.28 in the GDM 
group and 5.13 ± 0.27 in the healthy group. It was higher in 
the GDM group (p=0.016) (Table 2). 

As a result of the ROC analysis, it was shown that the 
HOMA-IR value of 2.24, the HbA1c value of 5.25%, and 
the FBG value above 88.50 mg/dl caused GDM positivi-
ty(p=0.010, p=0.017, p=0.001, respectively) (Table 3). Sen-
sitivity, specificity, negative predictive values and positive 
predictive values are shown in Table 3.

ROC curves were compared in pairs using DeLong method. 
The differences between the areas of FBG-HbA1c (p=0.422), 
FBG-HOMA-IR (p=0.271), and HbA1c-HOMA-IR (p= 
0.922) were similar (Figure 2) (Table 3).

DISCUSSION

The most common metabolic abnormality in pregnancy 
is GDM, and it brings many maternal and fetal risks (9). 
Identification and treatment of even mild GDM can reduce 
adverse pregnancy outcomes, emphasizing the need to 
appropriately screen and diagnose this important comor-
bidity (5). Although the OGTT is widely regarded as the 
“gold standard” test for GDM diagnosis, its disadvantages 
include the requirement to fast for eight hours, the col-
lection of at least two blood samples, vomiting, and high 
variability. Various researchers have proposed alternative 
screening tests such as fasting plasma glucose, HbA1c, fruc-
tosamine, and HOMA-IR to reduce the number of OGTTs 
for the diagnosis of GDM (13,14). 

This study aims to evaluate the prediction of GDM in the 
first trimester of HbA1c and HOMA-IR levels in non-
obese pregnant women by excluding GDM and DM histo-
ry, which are the most important predisposing factors for 
GDM, and obesity. 

Table 3: Area under the receiver operating characteristic curve (AUROC), threshold value, and sensitivity, specificity, negative predictive 
value (NPV) and positive predictive value (PPV) for GDM.

Threshold value Sensitivity (%) Specificity (%) AUROC (CI 95%) NPV PPV
FBG (mg/dl) 88.50 68.2 68.2 0.722 91.5 30.8
HbA1c (%) 5.25 63.6 64.5 0.662 89.9 26.4
HOMA-IR 2.24 68.2 66.7 0.674 91.4 28.8

Table 1: Evaluation of demographic characteristics between groups.

Characteristics GDM (n=20) Control (n=111) p
Age (year) 31.50 ± 4.65 27.40 ± 5.11 <0.001
Weight (kg) 63.40 ± 9.83 62.61 ± 9.84 0.235
Height (m) 1.61 ± 0.85 1.62 ± 0.05 0.355
BMI (kg/m2) 24.02 ± 3.44 23.81 ± 3.73 0.095
Gestational week 11.59 ± 1.73 10.50 ± 2.47 0.107
Nulliparity 8 (%40) 49 (%44.1) 0.423

Table 2: Evaluation of biochemical parameters between groups.

Parameters GDM (n=20) Control (n=111) p
HOMA-IR 2.88 ± 1.83 2.24 ± 2.06 0.010
HbA1c (%) 5.30 ± 0.28 5.13 ± 0.27 0.016
FBG (mg/dl) 91.81 ± 7.00 86.0 ± 9.13 <0.001
Insulin(mIU/L) 12.38 ± 6.97 10.22 ± 7.61 0.032

Figure 2. ROC curves for FBG, HOMA-IR, and HbA1c for the 
diagnosis GDM.
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In the study of Benaiges et al. in Spain on 1195 pregnant 
women, they found that although first-trimester HbA1c was 
found to be higher in pregnantwith GDM, it did not have 
sufficient sensitivity or specificity to diagnose GDM. And 
they concluded that only using a higher or lower threshold 
can simplify the diagnostic process by reducing the number 
of OGTTs, associated costs, and patient discomfort (20). In 
their study conducted in Singapore, Poo et al. found that 
a first-trimester HbA1c of less than 5.2% may be useful to 
exclude low-risk Singaporean pregnant women, from fur-
ther testing, while those with an HbA1c of 5.2% or higher 
would need OGTT (21).

In the study conducted by Song et al. on 700 pregnant wom-
en in which they evaluated HOMA-IR as a risk factor for 
GDM in early pregnancy, 145 (20.7%) pregnant women 
were found to have GDM. They showed that HOMA-IR 
was higher in the GDM group than in the healthy group 
and was an individual risk factor for GDM (22). The study 
by Benhalima et al. reported that high insulin resistance in 
pregnant women with GDM suggested a more unfavorable 
metabolic profile and pregnancy outcomes when compared 
to pregnant women with normal glucose tolerance (23). In 
the study by Alptekin et al., the mean HOMA-IR value in 
the non-GDM group was 2.2 ± 1.7, while it was 3.8 ± 1.6 in 
the group with GDM. The difference was found to be sig-
nificant. They reported that they determined the GDM pre-
dictability in patients with a HOMA-IR score of >2.08 in the 
first trimester using ROC analysis with 90% sensitivity and 
61% specificity (14). As a result of the study conducted by 
Özçimen et al., it was reported that GDM can be predicted 
in the first trimester if the HOMA-IR score is >2.60 (24).

Considering the studies conducted in different societies, it 
is concluded that GDM can be predicted by FBG, HOMA-
IR and HbA1c, in this study conducted in the Turkish pop-
ulation, as in previous studies. 

It was shown in this study that first-trimester values were 
higher in the group with GDM, who were not obese and had 
no history of DM. 

Maternal insulin resistance is one of the characteristics of 
normal glycemic physiology during pregnancy, and exces-
sive insulin resistance is GDM’s main characteristic (25). 
There are also ambiguities about the effectiveness of the 
biochemical markers examined. In the “Hyperglycemia and 
Adverse Pregnancy Outcomes” study, FBG levels showed 
that the probability of GDM increased and there was a 
continuous gradual relationship between FBG and adverse 
pregnancy outcomes such as C/S delivery, macrosomia, and 
neonatal hypoglycemia (1). 

Our study has some important findings. 1) The mean 
first-trimester HOMA-IR values in non-obese pregnant 
women were significantly higher at 2.88±1.83 in pregnant 
with GDM and the same value was 2.24±2.06 in healthy 
pregnant women. 2)Nevertheless, the mean first-trimester 
HbA1c values were higher at 5.30±0.28 in pregnant wom-
en with GDM compared to healthy pregnant women, of 
which HbA1c values were 5.13±0.27 in the healthy preg-
nant women. 3) It was observed that even the first-trimester 
FBG, which can be measured with a simple method, can be 
observed as 91.81±7.00 mg/dl in the group with GDM and 
86.0±9.13 mg/dl in the healthy control group, which can 
provide with a prediction in terms of GDM.

The International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) and the American Diabetes Asso-
ciation (ADA) recommend that patients in certain high-risk 
populations (those with obesity, a history of GDM, and pol-
ycystic ovarian syndrome) be screened at the first prenatal 
visit and positive results diagnosed with overt DM (11). 
However, whether this practice should be used routinely is 
still a matter of debate (15). 

In their study, Bartha et al. demonstrated that early screen-
ing for glucose intolerance and maintenance can prevent 
some diabetes-related complications in pregnant women 
with GDM (16). 

In the study by Seshiah et al., 471 pregnant women with 
GDM (17.6%) were examined, with 121 (16.3%) at the 
16th week, 166 (22.4%) between the 17th-23rd weeks, and 
454 (61.3%) at 24 weeks or more. Therefore, in this study, 
38.7% of those with GDM developed GDM even before the 
24th gestational week (17). According to the study of Fong 
et al., among the outcomes of 526 pregnant women, more 
than 10% of the pregnant had early screening HbA1c values 
between 5.7-6.4%, and it was shown that the pregnant wom-
en in this group had a significantly higher risk of progres-
sion to GDM compared to the group with normal values. 
It was concluded that early screening with HbA1c values 
can help identify pregnant women with the highest risk of 
developing GDM (18). 

As a result of the study performed by Valadan et al. on 700 
pregnant womenand GDM was detected in 115 pregnant 
women(16.4%), it was concluded that the HbA1c values 
were measured in the first trimester in the GDM group and 
the healthy group were 5.45 ± 0.39 and 4.96 ± 0.30, respec-
tively. The mean FBG was observed as 92.01 ± 7.79 mg/dl 
and 82.61 ± 6.46 mg/dl in the GDM group and the healthy 
group, respectively. Valadan et al. found that the mean 
first-trimester FPG and HbA1c values of pregnant women 
with GDM were significantly higher than those of normo-
glycemic pregnant women (19). 
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At least a lifestyle change can be recommended to patients 
with these high values. However, in line with all studies, it 
has been concluded that OGTT cannot replace OGTT due 
to both its sensitivity-specificity and cost-effectiveness.
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