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Abstract

Background: Gestational diabetes mellitus (GDM) represents one of 
the most prevalent medical complications in pregnancy. The preva-
lence of GDM in society is increasing. The aim of GDM screening is 
to make an early diagnosis in order to prevent complications associ-
ated with GDM. The aim of our study was to investigate the effective-
ness of branched-chain amino acid (BCAA) in the diagnosis of GDM 
by comparing the second-trimester serum BCAA concentrations be-
tween low-risk primigravid women with and without GDM.

Methods: The study included a total of 110 primigravida evenly split 
between the GDM group (n = 55) and the control group (n = 55). 
The age, pre-pregnancy and test weights, body mass index, and de-
mographic data of the participating pregnant women were recorded. 
Serum concentrations of BCAA in the fasting and postprandial states 
of the pregnant women were measured, and serum BCAA concentra-
tions were compared between groups.

Results: In our study, no significant differences were found between the 
two groups in terms of demographic data and anthropometric character-
istics. Pregnant women diagnosed with GDM had significantly higher 
postprandial valine levels compared to the control group, with values of 
168.5 ± 46.8 vs. 138.5 ± 35.9 (P = 0.001), fasting leucine levels of 82.9 
± 16.1 vs. 67.4 ± 18.7 (P < 0.001), postprandial leucine levels of 95.3 ± 
34.2 vs. 57.7 ± 21.4 (P < 0.001), fasting isoleucine levels of 44.5 ± 9.7 
vs. 37.7 ± 13.6 (P = 0.003), and postprandial isoleucine levels of 51.8 ± 
19.2 vs. 34.6 ± 28.0 (P < 0.001). No significant difference was observed 
between the groups in terms of fasting valine (P = 0.990).

Conclusion: According to the results of our study, fasting and post-
prandial BCAA levels were found to be higher in the primigravid 
women with GDM in the low-risk group at 24–28 weeks compared 
to the control group. These findings suggest that there may be an as-
sociation between maternal serum BCAA levels and GDM between 
24 and 28 weeks of gestation.

Keywords: Gestational diabetes mellitus; Branched-chain amino 
acid; Oral glucose tolerance test

Introduction

Gestational diabetes mellitus (GDM) describes glucose intol-
erance that develops or is initially detected during pregnancy. 
GDM is one of the most common medical complications of 
pregnancy [1–3]. According to data from the Diabetes Atlas 
published by the International Diabetes Federation (IDF) in 
2021, 16.7% of women aged 20–49 who give birth are diag-
nosed with diabetes. Of these, 80.3% have GDM. According 
to the results of the Gestational Diabetes Prevalence Study in 
Turkey (TURGEP) published in 2019, the prevalence of GDM 
in Turkey is 16.2%. The prevalence of GDM in society is in-
creasing [4]. The main reasons for the increase in prevalence 
are obesity and advancing maternal age. GDM can lead to 
complications for both the mother and fetus, occurring in the 
short and long term. The aim of GDM screening is to make an 
early diagnosis in order to prevent complications associated 
with GDM.

In order to screen and diagnose GDM, the oral glucose 
tolerance test (OGTT) is typically administered between the 
24th and 28th weeks of pregnancy. However, there is no global 
consensus on whether GDM screening should be universal or 
targeted to high-risk individuals, which diagnostic test to use, 
the cut-off values for interpretation, or whether the screening 
should be performed in one or two stages. The best practices 
and diagnostic criteria for GDM remain under discussion. The 
IADPSG and WHO advocate performing a one-step test, the 
American Diabetes Association advises a two-step test, and in 
Turkey, the National Endocrinology and Metabolism Society 
supports the use of either procedure [5–7].

Amino acids are the basic building blocks of the human 
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body. BCAAs, which include valine, leucine, and isoleucine, 
are essential amino acids that need to be obtained from outside 
sources [8]. Consuming the daily required amount of BCAAs 
helps to regulate blood sugar [9]. Studies have shown a re-
lationship between high plasma BCAA levels and the risk of 
obesity, insulin resistance, and diabetes [10–12]. There are 
also a few studies that evaluate the relationship between GDM 
and BCAA levels. However, these studies vary in their popula-
tions and results. While some studies indicate elevated plas-
ma BCAA levels in GDM, others report levels within normal 
ranges [13–17].

The aim of our study was to evaluate the potential role of 
BCAAs in the diagnosis of GDM by comparing second-tri-
mester serum BCAA concentrations between low-risk primi-
gravid women with and without GDM.

Materials and Methods

Our study included a total of 110 primigravida (55 pregnant 
women with GDM and 55 in the control group) who pre-
sented to the Antenatal Clinic of Ankara Bilkent City Hospital 
Women’s Health and Obstetrics Hospital between January and 
September 2023, during weeks 24–28 of pregnancy. The study 
was approved by the Clinical Research Ethics Committee of 
Ankara Bilkent City Hospital, Health Sciences University (E. 
Committee study no. E-2-23-3185, 18/01/2023). The study 
protocol was conducted in accordance with the principles of 
the Declaration of Helsinki.

All pregnant women participating in the study were ques-
tioned about their demographic characteristics, along with 
their medical history, presence of accompanying chronic dis-
eases, medications used, history of polycystic ovary syndrome 
(PCOS), current weight, height, body mass index (BMI), pre-
pregnancy weight, personal birth weight, and presence of indi-
viduals with a history of diabetes mellitus (DM) in the family. 
In our study, participants were selected from a low-risk group 
for GDM, as they did not exhibit established risk factors such 
as BMI ≥ 25, sedentary lifestyle, early pregnancy excessive 
weight gain, PCOS history, family history of diabetes, cer-
tain ethnic backgrounds, prior macrosomic delivery, HbA1c 
≥ 5.7%, or diets high in red and processed meats. The study 
included primigravid women aged 18–40 years, without a fam-
ily history of DM, without accompanying maternal disease or 
PCOS, with a BMI < 30, and between weeks 24 and 28 of 
pregnancy who agreed to undergo an OGTT. Pregnant wom-
en diagnosed with GDM based on OGTT results formed the 
GDM group, while those without GDM diagnosis constituted 
the control group.

In pregnant women meeting the inclusion criteria for our 
study, fasting and postprandial venous blood samples were col-
lected within 1 week after the OGTT to measure the levels of 
BCAAs in serum. Samples for plasma amino acid levels were 
collected in tubes containing dipotassium ethylenediaminetet-
raacetic acid (Becton Dickinson Vacutainer Systems, USA). 
Subsequently, the venous blood samples were centrifuged at 
1,500 × g for 10 min at Ankara Bilkent City Hospital Medi-
cal Biochemistry Laboratory. After appropriate centrifugation, 

the plasma was separated from the samples, and the levels of 
amino acids were analyzed. Liquid chromatography coupled 
with mass spectrometry was employed to analyze the concen-
trations of valine, leucine, and isoleucine (Matography/Mass 
spectrometry device, Sciex QTrap 4500, Foster City, CA). The 
samples were analyzed using a commercially available device. 
In line with the study methodology, plasma amino acids were 
obtained via acidic extraction and deproteinization. The deri-
vatized amino acids were completely dried by evaporation, re-
constituted with appropriate reagents, and analyzed using the 
LC-MS/MS system. The area corresponding to each standard 
was used to construct a calibration curve and derive the regres-
sion equation.The analyses were conducted using SPSS (Sta-
tistical Package for Social Sciences; SPSS Inc., Chicago, IL) 
version 22. Descriptive data in the study were presented as n 
(%) values for categorical variables, and mean ± standard de-
viation (mean ± SD) values for continuous variables. Pearson 
Chi-square test was used for comparing categorical variables 
between groups. Normal distribution of continuous variables 
was evaluated using the Kolmogorov-Smirnov test. Student’s 
t-test was applied for comparing binary groups in variables 
showing normal distribution, while the Mann-Whitney U test 
was used for variables not showing normal distribution. Re-
ceiver operating characteristic (ROC) curves were plotted to 
measure the diagnostic value of amino acids. A P-value < 0.05 
was considered statistically significant in the analyses.

Results

A total of 110 women, comprising of 55 with GDM and 55 as 
controls, were included in the study. The sociodemographic 
characteristics of the groups are summarized in Table 1. The 
mean age of those in the GDM group was 28.3 ± 4.3, while 
it was 27.6 ± 5.3 in the control group, and no significant dif-
ference was observed between them (P = 0.49). There were 
no significant differences between the groups in terms of pre-
pregnancy weight (P = 0.60), current weight (P = 0.83), height 
(P = 0.74), and BMI (P = 0.56). The data are summarized in 
Table 2.

In our study, pregnant women diagnosed with GDM had 
significantly higher levels compared to the control group in 
terms of postprandial valine 168.5 ± 46.8 vs. 138.5 ± 35.9 (P = 
0.001), fasting leucine 82.9 ± 16.1 vs. 67.4 ± 18.7 (P < 0.001), 
postprandial leucine 95.3 ± 34.2 vs. 57.7 ± 21.4 (P < 0.001), 
fasting isoleucine 44.5 ± 9.7 vs. 37.7 ± 13.6 (P = 0.003) and 
postprandial isoleucine 51.8 ± 19.2 vs. 34.6 ± 28.0 (P < 0.001). 
However, no significant difference was observed between the 
groups in terms of fasting valine levels (P = 0.990) (Table 3).

ROC analyses were conducted to calculate the most suit-
able values for serum BCAA levels that could be used in di-
agnosing GDM, and cutoff values were determined. When a 
value of 138.64 µmol/L was taken as the cutoff for postpran-
dial valine, a sensitivity of 76.4% and specificity of 58.2% 
were observed, indicating that it would be a good determinant. 
For fasting leucine, a cutoff value of 61.18 µmol/L yielded a 
sensitivity of 94.5% and specificity of 52.7%, indicating that 
it would be a good determinant. When a cutoff value of 74.9 
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µmol/L was taken for postprandial leucine, a sensitivity of 
74.5% and specificity of 80% were observed, indicating that it 
would be the most specific determinant. For fasting isoleucine, 
a cutoff value of 36.32 µmol/L yielded a sensitivity of 87.3% 
and specificity of 58.2%, indicating indicating that it would 
be a good determinant. When a cutoff value of 37.95 µmol/L 
was taken for postprandial isoleucine, a sensitivity of 80% and 
specificity of 69.1% were observed, indicating that it would be 
a good determinant (Table 4, Fig. 1).

Discussion

The prevalence of GDM is increasing worldwide. The growing 
rates of obesity among women, combined with urban seden-
tary habits and an aging population, suggest that GDM preva-

Table 1.  Comparison of the Sociodemographic Characteristics 
Between Groups

GDM, n (%) Control, n (%) Pa

Education level 0.323
    Primary school 7 (12.7) 2 (3.6)
    Middle school 2 (3.6) 4 (7.3)
    High school 26 (47.3) 26 (47.3)
    University 20 (36.4) 23 (41.8)
Profession 0.158
    Works 15 (27.3) 22 (40.0)
    Housewife 40 (72.7) 33 (60.0)
Surgical history 0.140
    Yes 9 (16.4) 4 (7.3)
    No 46 (83.6) 51 (92.7)
Smoker 0.541
    Yes 5 (9.1) 7 (12.7)
    No 50 (90.9) 48 (87.3)
Pregnancy week 0.614
    24 5 (9.1) 8 (14.5)
    25 15 (27.3) 18 (32.7)
    26 10 (18.2) 12 (21.8)
    27 16 (29.1) 11 (20.0)
    28 9 (16.4) 6 (10.9)

aChi-square analysis was applied. GDM: gestational diabetes mellitus.

Table 2.  Comparison of the Anthropometric Characteristics 
Between Groups

GDM,  
median

Control,  
median P

Age 28.3 ± 4.3 27.6 ± 5.3 0.494a

Pre-pregnancy weight 60.2 ± 9.6 61.2 ± 10.5 0.601a

Weight during test 68.0 ± 8.6 67.7 ± 8.7 0.838a

Height 161.6 ± 5.9 162.5 ± 5.2 0.745b

BMI 26.0 ± 2.6 25.6 ± 2.8 0.568b

aStudent’s t-test was applied. bMann-Whitney U test was applied. BMI: 
body mass index; GDM: gestational diabetes mellitus.

Table 3.  Comparison of Fasting and Postprandial Amino Acid Values Between Groups

GDM, median (µmol/L) Control, median (µmol/L) P
Fasting valine 154.6 ± 28.7 154.7 ± 32.3 0.990a

Postprandial valine 168.5 ± 46.8 138.5 ± 35.9 0.001b

Fasting leucine 82.9 ± 16.1 67.4 ± 18.7 < 0.001a

Postprandial leucine 95.3 ± 34.2 57.7 ± 21.4 < 0.001b

Fasting isoleucine 44.5 ± 9.7 37.7 ± 13.6 0.003a

Postprandial isoleucine 51.8 ± 19.2 34.6 ± 28.0 < 0.001b

aStudent’s t-test was applied. bMann-Whitney U test was applied. A P-value < 0.05 was considered statistically significant, indicating that the ob-
served differences were unlikely to have occurred by chance. GDM: gestational diabetes mellitus.

Table 4.  Specificity and Sensitivity of Amino Acids in Determining the Diagnosis of GDM

Area P 95% CI Sensitivity Specificity PPV NPV
Fasting valine ≤ 117.54 0.503 0.962 0.406–0.599 5.5 83.6 25 46.9
Postprandial valine > 138.64 0.691 < 0.001 0.596–0.776 76.4 58.2 64.6 71.1
Fasting leucine > 61.18 0.743 < 0.001 0.651–0.821 94.5 52.7 66.7 90.6
Postprandial leucine > 74.91 0.836 < 0.001 0.753–0.899 74.5 80 78.8 75.9
Fasting isoleucine > 36.32 0.682 0.001 0.587–0.768 87.3 58.2 67.6 82.1
Postprandial isoleucine > 37.95 0.799 < 0.001 0.712–0.870 80 69.1 72.1 77.6

A P-value < 0.05 was considered statistically significant, indicating that the observed differences were unlikely to have occurred by chance. CI: con-
fidence interval; GA: glycine alanine; GDM: gestational diabetes mellitus; NPV: negative predictive value; PPV: positive predictive value.
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lence will continue to rise in the future [18, 19]. As a signifi-
cant pregnancy complication, GDM can give rise to multiple 
short- and long-term effects on both the mother and the fetus 
[3]. Proper screening for GDM, along with early diagnosis and 
treatment, can help prevent complications.

Currently, screening and diagnosis heavily rely on glu-
cose-based screening tests. Studies investigating the behavior 
of pregnant women towards these tests have reported an in-
creasing rate of refusal for an OGTT [20–22]. Completing an 
OGTT depends on the pregnant woman being fasted, ingesting 
a fixed amount of glucose, spending at least 2 h at the testing 
facility, and consenting to multiple blood draws [22]. Reasons 
for test refusal include the perceived difficulty and time-con-
suming nature of an OGTT by pregnant women, as well as 
the perception influenced by media reports that it is a harm-
ful and unnecessary procedure, which can delay or hinder the 
diagnosis of GDM [20–22]. Failure to conduct screening tests 
increases the rates of undiagnosed GDM-related complications 
among pregnant women [22].

BCAAs, which are essential amino acids, activate insulin 
secretion, promote glucose uptake from the blood into cells 
by preserving glycogen stores in the liver and muscles, and 
regulate blood glucose levels [23]. The relationship between 
BCAAs and insulin resistance has been the subject of numer-
ous studies. Studies on dietary supplementation of BCAAs 
in humans and animals suggest that circulating amino acids 

may directly increase insulin resistance, possibly through the 
disruption of insulin signaling in skeletal muscle [10, 24]. 
BCAAs can trigger insulin resistance through different mecha-
nisms in various tissues. In skeletal muscle, BCAA accumula-
tion increases fatty acid uptake and may lead to incomplete 
fatty acid oxidation, thereby inducing insulin resistance. With-
in liver tissue, the breakdown of branched-chain α-keto acids 
perturbs the mitochondrial tricarboxylic acid cycle, triggering 
mitochondrial stress and insulin resistance [25, 26]. The pro-
longed elevation of plasma BCAA levels leads to hyperactiva-
tion of the mammalian target of rapamycin (mTOR) signal-
ing, resulting in impairment of insulin receptor substrates [27, 
28]. While there are studies demonstrating the association of 
increased BCAA levels with obesity, insulin resistance, and 
diabetes, Wang et al stated that the combination of BCAAs 
predicts future diabetes [11]. Although type 2 diabetes mel-
litus (T2DM) and GDM share some aspects of pathogenesis, 
studies evaluating the relationship between GDM and BCAAs 
are limited.

Although there are studies suggesting that plasma BCAAs 
can be used as biomarkers for GDM, there are also studies 
that do not support this role in detecting GDM [13–17]. Ce-
tin et al demonstrated that there was no difference in maternal 
plasma BCAA concentrations between women with and with-
out GDM during elective cesarean section, as they monitored 
glucose levels in women with GDM until delivery, regulating 

Figure 1. The ROC curve of postprandial valine, fasting leucine, postprandial leucine, fasting isoleucine, and postprandial isoleu-
cine values for gestational diabetes mellitus. ROC: receiver operating characteristic.
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them either by diet or diet and insulin [16]. Rahimi et al dem-
onstrated higher fasting plasma valine and isoleucine concen-
trations in women with T2DM compared to those with and 
without GDM, although postprandial levels were not studied, 
and they stated that there was no difference in serum BCAA 
levels between women with and without GDM in their study 
[17]. In a study by Roy et al, non-fasting BCAAs, especially 
leucine, in first-trimester pregnant women, when combined 
with BMI and a family history of diabetes, could be used to 
identify women at risk of developing GDM [13]. Hou et al 
only found significantly higher fasting BCAAs in the GDM 
group of pregnant women. However, in this study, women with 
GDM were older and had significantly higher pre-pregnancy 
BMI compared to the control group [14]. Similarly, Park et 
al used a two-step screening test and examined BCAA levels 
after achieving blood sugar regulation with diet, exercise, and/
or insulin in women diagnosed with GDM. They stated that the 
presence of high plasma BCAAs, when combined with other 
risk factors for GDM, would be useful in identifying women 
at risk of developing GDM [15]. Plasma BCAA concentra-
tions may vary according to different age groups, BMI groups, 
and ethnic groups [29]. Additionally, it is known from previ-
ous studies that a recently consumed meal affects metabolism 
and particularly the amino acid profile in circulation [30]. To 
mitigate the impact of all these factors in our study, fasting and 
non-fasting BCAA levels were examined in low-risk pregnant 
women with similar age and BMI who were diagnosed with 
GDM. Our study is the first to demonstrate elevated levels 
of fasting and postprandial BCAAs in pregnant women with 
GDM among homogeneous groups in the Turkish population 
in the literature we have reviewed so far. The limitations of our 
study include the small total number of patients and the fact 
that our study population consisted of pregnant women living 
in the same region.

Conclusions

As a result of our study, it was found that postprandial valine, 
fasting leucine, postprandial leucine, fasting isoleucine, and 
postprandial isoleucine values were significantly higher in 
pregnant women with GDM compared to the control group. 
However, no significant difference was observed between the 
groups in terms of fasting valine values.

These findings suggest that there may be an association 
between maternal serum BCAA levels and GDM between 24 
and 28 weeks of gestation. However, our study does not pro-
vide sufficient evidence to support the use of BCAAs for the 
diagnosis of GDM and further prospective, multicenter studies 
with larger sample sizes are needed to confirm the validity and 
feasibility of this method.
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