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Abstract

Context: Recently, the relationship between branched-chain amino acids (BCAAs) and diabetes mellitus (DM) has attracted world-
wide attention. However, the results related to plasma BCAAs concentrations and gestational diabetes mellitus (GDM) lack statistical
power due to the small sample size of a single article.

Objectives: This study quantitatively summarized current observational studies to evaluate the association between plasma BCAAs
concentration levels and GDM.

Methods: A systematic search was performed to select eligible publications using PubMed and EMBASE databases until July 23,
2018. The references of relevant articles were also manually searched. The quality evaluation of included studies was according to
the guidelines of the Newcastle-Ottawa Scale (NOS). Data were analyzed with Review Manager 5.3 and STATA 14.0 software. In total,
seven articles (including eight studies) involving 432 subjects were included.

Results: The results showed that all three-individual plasma BCAAs concentration levels in the GDM group were higher than those
in the control group (leucine: SMD = 3.76, 95% CI: 1.70 - 5.82, P (SMD) < 0.001; isoleucine: SMD = 3.15, 95% CI: 1.42 - 4.87, P (SMD) <
0.001; valine: SMD =2.77, 95% Cl:1.21-4.32, P(SMD) = 0.001), and the differences were statistically significant. In addition, subgroup
analysis indicated that age, body mass index (BMI), publication year, and ethnicity were positively associated with plasma BCAAs
concentrations in GDM.

Conclusions: Plasma BCAAs, as potential biomarkers, might be associated with GDM risk, which provides useful information for

the prevention and early diagnosis of GDM.

Keywords: Circulating, Branched-Chain Amino Acids (BCAAs), Gestational Diabetes Mellitus (GDM), Meta-Analysis

1. Context

The increasing prevalence of diabetes mellitus (DM) is
a serious public health issue worldwide, causing signifi-
cant morbidity and mortality (1, 2). Approximately 415 mil-
lion people aged 20 to 79 suffered from DM worldwide in
2015, and the prevalence of cases is expected to increase
substantially in the coming decades (3). The number of
patients is projected to rise to 592 million by 2030, bring-
ing with it debilitating and costly consequences, including
retinopathy, cardiovascular disease, kidney dysfunction,
etc. (4). Among all types of DM, gestational diabetes melli-
tus (GDM) could be especially difficult on women because
it may be a bigger threat to the women. Furthermore, GDM
is diabetes that is first diagnosed in the second or third
trimester of pregnancy and is not clearly pre-existing type
1 or type 2 diabetes (5). Gestational diabetes mellitus can

cause unique difficulties (e.g., miscarriage, birth defect,
preeclampsia heart attack, female sexual dysfunction, etc.)
(6-8). These findings highlight the necessity to find effec-
tive therapies to prevent and treat DM.

Branched-chain amino acids (BCAAs), consisting of
leucine, isoleucine, and valine, are essential amino acids
that cannot be made by the body, and must be primarily
obtained from the diet (9). Abnormal plasma BCAAs con-
centrations were associated with metabolic disease and
several pathological states, such as obesity, metabolic syn-
drome, liver disease, chronic kidney disease, DM, etc. (10-
12). Recently, the relationship between BCAAs and DM has
attracted worldwide attention. Several studies found GDM
have elevated plasma amino acids, especially BCAAs (13-16),
while others reported that they were within normal ranges
(17-19). Furthermore, the results related to plasma BCAAs
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concentrations and GDM lack statistical power due to the
small sample size of a single article.

2. Objectives

Therefore, the researchers conducted the meta-
analysis to further investigate the association between
plasma BCAAs concentrations and GDM.

3. Methods

3.1. Search Strategy

This meta-analysis was reported in accordance with the
PRISMA Statement (20). Comprehensive literature search
was performed in the PubMed and EMBASE databases to re-
trieve potential eligible studies for meta-analysis and the
cut-off date was up to July 23,2018. The researchers used the
following combined keywords and MeSH terms, and the
retrieval strategy of (((mellitus [Title/Abstract]) OR GDM
[Title/Abstract]) OR glycuresis [Title/Abstract]) OR diabetes
mellitus [Title/Abstract]) AND (((((branched chain amino
acids [Title/Abstract]) OR BCAAs [Title/Abstract]) OR valine
[Title/Abstract]) OR leucine [Title/Abstract]) OR isoleucine
[Title/Abstract]). References cited in the retrieved articles
were also reviewed to identify additional eligible studies.

3.2. Inclusion and Exclusion Criteria

Inclusion criteria for the eligible studies included: (1)
case-control or cohort studies design, comparing the con-
centrations levels of BCAAs in blood, serum, and plasma
in patients with GDM and controls (healthy pregnant
women); and (2) published in English with the full-text arti-
cle available. Exclusion criteria for the articles included: (1)
duplicated publications, (2) letters, reviews, meta-analysis,
case reports, expert opinions, and abstracts, and studies
that did not meet the above inclusion criteria were ex-
cluded.

3.3. Data Extraction and Quality Assessment

The information from all eligible studies was indepen-
dently evaluated by two investigators. A third person re-
solved the differences until all reached a set of similar
statements. The following information was extracted from
each eligible study: Name of the first author, year of pub-
lication, ethnicity, number of participants, demographic
characteristics (e.g. number, age and body mass index
(BMI)) of case and control groups, mean and standard de-
viation (SD) or median and quartiles of three individual or
total plasma BCAAs concentrations levels in both the pa-
tients and controls.

3.4. Quality Assessment

The methodological quality assessment of the in-
cluded study was independently conducted by two investi-
gatorsaccording to the guidelines of the Newcastle-Ottawa
Scale (NOS). This scale uses a star system (with a maximum
of nine stars), which is composed of three domains (21): Se-
lection of participants (including four items), comparabil-
ity of study groups (including two items), and the ascer-
tainment of exposure or outcome (including three items),
which are used to judge the applicability and risk of bias
(22). Each question was answered with “yes”, “no”, or “un-
clear”. A “yes” answer represents the low-risk of bias and
is assigned a score of one, while a “no” or “unclear” an-
swer represents a high-risk of bias and is assigned a score
of zero. Thus, the quality score of studies ranged from zero
to nine stars. Higher scores were a reflection of lower risk
of bias (22). Studies that scored seven stars or greater than
seven stars were regarded as lower risk of bias, and those
scored less than seven stars indicated higher or moderate
risk.

3.5. Statistical Analysis

Meta-analysis was conducted using STATA 14.0 (Stata
Corporation: College Station, TX, USA) and Review Manager
5.3 (Copenhagen: Nordic Cochrane Centre, the Cochrane
Collaboration, 2014) software. Considering that the in-
cluded studies used different measurement methods with
various units for the same indicator variable, the re-
searchers pooled the standardized mean difference (SMD)
and their 95% confidence intervals (CIs) to detect the ef-
fect size between the two groups. Heterogeneity among
studies was assessed using Cochran Q test and I-squared
(%) statistics index. A P value of the x? based Cochran Q
test less than 0.10r I index greater than 50% suggested the
existence of overall statistically significant heterogeneity
and the utilization of a random-effect model. Otherwise,
a fixed-effect model was used (23). The stratified analyses
based on age, BMI, and ethnicity were conducted on those
comprising of two or more studies. Sensitivity analyses
were performed by excluding one study at a time and re-
calculating the effect size. Moreover, publication bias was
detected using the Egger’s test (24). Two-sided P value less
than 0.05 was considered statistically significant.

4. Results

4.1. Eligible Studies

Initially, 3041 potentially relevant articles from elec-
tronic databases and other sources were searched, of
which 727 duplications and 2239 irrelevantarticles were ex-
cluded. After full-text review of retained candidate articles,
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68 potential studies were further excluded because of fail-
ure to accord with the inclusive criteria. Finally, seven el-
igible articles (13-18) including eight studies with 432 sub-
jects were included in the meta-analysis (Figure 1). Among
these articles, only one article focused on isoleucine and
valine, and six articles (including seven studies) reported
BCAAs. Thus, six articles with seven studies examined circu-
lating leucine concentrations levels, and seven articles (in-
cluding eight studies) detected circulating isoleucine and
valine concentrations levels.

4.2. Study Characteristics and Quality Assessment

As shown in Table 1, Metzger et al. (14) studied the
role of BCAAs in two independent research samples, which
were regarded as two independent studies and included
in this meta-analysis. Thus, seven articles including eight
studies covering 229 patients and 203 controls were pub-
lished from 1980 to 2018. All studies were case-control stud-
ies. Studies were carried out in Sweden, Canada, Iran, Ko-
rea, Greece, Italy,and USA. The mean age of patients ranged
from 27.0 to 38.6 years, and the mean BMI ranged from
25.70 to 30.43 kg/m?. The methodological quality of each
study was evaluated using NOS. Each study received mod-
erate or high quality with scores between seven and nine,
as exhibited in Table 1.

4.3. Overall Meta-Analysis

As indicated in Figure 2, the concentration levels of cir-
culating leucine (SMD: 3.76, 95% CI:1.70 to 5.82, P (SMD) <
0.001), isoleucine (SMD: 3.15, 95% ClI: 1.42 to 4.87, P (SMD) <
0.001), and valine (SMD: 2.77, 95% CI: 1.21 to 4.32, P (SMD) =
0.001) in patients were significantly increased. Neverthe-
less, high heterogeneity (I* > 96.0%) emerged among the
included studies.

4.4. Stratified Analysis and Sensitivity Analysis

To explore the sources of heterogeneity, stratified anal-
ysis based on age (< 30 vs. > 30), BMI (< 28 vs. > 28), year
of studies (2005 and lower vs. 2007 and higher), and eth-
nicity (Asian vs. Caucasian) were performed. As summa-
rized in Table 2, the results suggested that age, BMI, and
ethnicity were positively associated with plasma BCAAs lev-
els in the patients. Although heterogeneity was reduced in
the mean age of < 30 years, mean BMI > 28 kg/m?, pub-
lication year < 2007 and Asian groups, dramatic hetero-
geneity persisted in the other groups. Considering the exis-
tence of heterogeneity in the current study, the researchers
performed sensitivity analysis, and removed any of the in-
cluded studies that had no significant impact on the meta-
analysis outcomes, suggesting that the results were stable
(Figure 3).
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4.5. Publication Bias

Egger’s test was applied to assess the potential publica-
tion bias in the included studies. Funnel plots for leucine
(P = 0.066), isoleucine (P = 0.083), and valine (P = 0.080)
showed that potential publication bias risk may existin the
meta-analysis.

5. Discussion

The current study showed that the increase of individ-
ual plasma BCAAs concentration may be related to the in-
creased risk of GDM, however, the heterogeneity between
different studies was relatively high, and the researchers
used subgroup analysis to find the reasons for the hetero-
geneity.

Recently, the plasma BCAAs as biomarkers for DM pa-
tients has gained much attention (12). The complex asso-
ciation between diabetes and branched-chain amino acids
was not fully understood (25). Accumulating evidences
demonstrates that their abnormal concentrations associ-
ated with various DM, such as type 2 diabetes mellitus
(T2DM) and GDM (26-29). More importantly, plasma BCAAs
are extremely stable and present in serum, plasma, urine,
milk, etc. (26, 30-32). Moreover, the use of plasma BCAAs
is less invasive and less traumatic to the subjects. Further-
more, one hypothesis involves a mammalian Target of Ra-
pamycin Complex1(mTORCI) that s activated by BCAA and
activated by insulin and glucose by cellular ATP availabil-
ity (33). If this is a relevant pathway, BCAA overload may
cause insulin resistance by activating the mammalian tar-
getof rapamycin (mTOR)and lead toan increase in acylcar-
nitine (25,34). Therefore, BCCAs may be potential biomark-
ers of GDM and plasma BCAAs can be served as reliable
biomarkers for prevention, early diagnosis, and treatment
of diabetes. In this study, the researchers demonstrated
that plasma BCAAs are elevated in GDM patients, which are
promising biomarkers for prevention, early detection, and
treatment of GDM.

Among these diabetes-related metabolites, BCAAs are
the most frequently studied metabolites (28). Dysregula-
tion of plasma BCAAs was observed in multiple diseases,
including GDM (16). Plasma BCAAs concentrations are dif-
ferent in different DM patients, which is useful to detect
early DM (35), distinguish DM subtypes (16), and correlate
with age, BMJ, and ethnicity of patients (36, 37). The lat-
est research suggests that normal or impaired glucose tol-
erance and T2DM groups have significant differences in
BCAAs, and GDM has elevated plasma BCAAs (38). Addition-
ally, similar results were found after BMI adjustment (38).
However, Pappa et al. (18) documented that these signifi-
cances disappeared, and BCAAs were within normal ranges
in GDM patients.
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Figure 1. Procedures of selecting eligible studies

The above-mentioned studies demonstrated that
plasma BCAAs might serve as wonderful biomarkers for
GDM (12-15), yet others did not support these roles in
GDM detection (16-18). Therefore, the current researchers
further evaluated the relationship between plasma BCAAs
and GDM, and found that all three individual plasma BCAA
concentration levels in GDM group were higher than those
in the control group (leucine: SMD =3.76, 95% CI:1.70-5.82,
P (SMD) < 0.001; isoleucine: SMD =3.15, 95% CI: 1.42 - 4.87, P
(SMD) < 0.001; valine: SMD =2.77, 95% Cl:1.21- 4.32, P (SMD)
= 0.001) and the difference was statistically significant.
These three representative parameters confirmed that

the elevated individual plasma BCAAs concentrations
might be associated with increased GDM risk, which also
proved that plasma BCAAs are promising predictors for
examining GDM.

Plasma BCAA concentrations vary in different age
groups, BMI groups, ethnicity groups, publication year
group etc. Here, the researchers demonstrated that there
were significant differences between the mean age > 30
years of GDM group and control group in terms of all three
individual BCAAs, while these differences disappeared in
the mean age of < 30 years of GDM patients. In addition,
the mean BMI of patients may influence BCAAs concen-
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Table 1. Characteristics and Quality Assessment of the Included Studies in the Meta-Analysis

Authors Year Country  Ethnicity Cases Controls  Age?,y BMI?, kg/m? Diagnostic Criteria for GDM Cases: BCAAs Controls: BCAAs NOS
(Ref.) Concentrations?, Concentrations?, Score
mmol/L mmol/L
Roy et al. 2018 Canada Caucasian 50 50 Cases:31.00 & 3.80; Cases: 25.70 £ AGDM diagnosis was made if two Leucine:109.92 £ Leucine: 95.42 8
(17) Controls: 31.00 4 5.40; Controls: values (GCT and OGTT) exceeded 0.69; Isoleucine: 0.54; Isoleucine:
370 2570 £ 5.20 the thresholds. A GDM diagnosis 56.41 1+ 032; 5130 & 0.27;
was also made if information in Valine:191.49 + Valine:177.02 &
the medical file indicated that 0.74 0.61
the participant had started
taking insulin during pregnancy
without undergoing an OGTT.
Rahimi et 2017 Iran Asian 31 25 Cases: 32.65 & 5.56; Cases:30.43 £+ DM diagnosis can be Leucine: 454.02 £ Leucine: 82.04 £+ 8
al. (16) Controls: 29.46 & 3.50; Controls: 28.51 accomplished with either of two 826.43; Isoleucine: 35.36; Isoleucine:
5.45 +3.66 strategies: 1. “One-step” 75-g 5538 =+ 18.94; 52.01 1 20.91;
OGTT or; 2. “Two-step” approach Valine: 168.99 Valine: 140.77 £
with a 50-g (non-fasting) screen 6338 51.22
followed by a100-g OGTT for
those who screen positive.
Parket al. 2015 Korea Asian 64 25 Cases:33.70 = 4.10; Cases: 26.90 + GDM screening was performed at Isoleucine: 97.9 £ Isoleucine: 63.20 £ 9
(15) Controls: 33.30 + 3.40; Controls: weeks 24 28 of gestation using a 14.4; Valine: 124.00 9.50; Valine: 97.50
3.80 2350 £ 2.00 universal two-step GDM =+ 30.00 +12.60
screening program with a
50-gram glucose challenge test.
Testing positive were
administered a100-gram, 3-h oral
glucose tolerance test (OGTT).
GDM was identified according to
the Carpenter Coustan criteria.
Pappaetal. 2007 Greece Caucasiar 25 46 Cases: 27.84 = 5.14; Cases: 27.32 == 5.56; Pregnant women were screened Leucine: 113.94 £ Leucine: 111.76 £ 9
(18) Controls: 27.85 &= Controls: 23.49 &= for gestational diabetes at the 28.91; Isoleucine: 30.32; Isoleucine:
4.99 5.24 26th week, according to the 65.65 1= 18.92; 64.24 +16.92;
criteria established by the Fourth Valine:199.18 £ Valine: 195.54 £
International Gestational 47.73 48.89
Diabetes Workshop.
Cetinetal. 2005 Italy Caucasian 17 16 Cases:38.60 1= Cases: 28.00 + GDM was diagnosed with the Leucine: 79.60 £ Leucine: 80.70 £ 8
(19) 0.30; Controls: 1.60; Controls: 24.50 presence of a100 g oral glucose 4.60; Isoleucine: 4.80; Isoleucine:
3830 £ 0.20 + 220 tolerance test with 2 or more 44.40 £ 2.80; 4320 £ 2.80;
values over the ranges Valine: 136.10 &+ Valine: 141.40 £
established by Carpenter and 810 8.60
Coustan.
Fitch and 1987 USA Caucasiar 2 8 Cases: 28.50 = NA NA Leucine: 67.60 £ Leucine: 7310 &= 7
King (13) 7.80; Controls: 17.70; Isoleucine: 11.40; Isoleucine:
26.80 = 7.40 37.70 £ 10.80; 4020 £ 7.80;
Valine: 14110 & Valine:142.90
32.00 17.20
Metzger et 1980 USA Caucasian 7 8 Cases: 33.70 = 2.10; NA We diagnosis GDM with a100-g Leucine: 98.00 =+ Leucine: 86.00 == 7
al. (14) Controls: 23.40 + oral glucose tolerance test using 7.00; Isoleucine: 5.00; Isoleucine:
1.70 the criteria of O'Sullivan and 53.00 4= 2.00; 47.00 £ 3.00;
Mahan. Valine: 171.00 + Valine: 158.00 £
1.00 8.00
6 8 Cases: 27.70 = 2.40; NA We diagnosis GDM with a 100-g Leucine: 117.00 == Leucine: 86.00 == 7
Controls: 23.40 £ oral glucose tolerance test using 4.00; Isoleucine: 5.00; Isoleucine:
170 the criteria of O’Sullivan and 64.00 =+ 3.00; 47.00 £ 3.00;
Mahan. Valine: 201.00 £ Valine: 159.00 +
10.00 8.00

Abbreviations: BCAAs, branched-chain amino acids; BMI, body mass index; NA, not available; NOS, Newcastle-Ottawa-Scale; SD, standard deviation; GDM, gestational diabetes mellitus.

AValues are expressed as mean = SD.

trations. The measurement values of BCAAs were signifi-
cantly different between the GDM group and the control
group, and these differences were not found in the BMI
< 28 kg/m? group. Differently, the latest research mani-
fested that serum BCAAs levels were significantly higher in
T2DM than those in controls in Jordan independent of age
and BMI (37). However, Roy et al.’s study (17) yielded BCAA
concentrations combined with BMI and age may improve
the diagnosticability accuracy of GDM. Additionally, the re-
searchers found both Asian group and Caucasian group ex-
hibited higher plasma BCAAs concentrations in patients,
especially in Caucasian GDM patients. Tillin et al. (36)
reported all three individual serum BCAA concentrations
were significantly higher in South Asian males. They also
found that ethnic differences in three individual serum
BCAA concentrations compared with Caucasian subgroup
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still remained in spite of the South Asian subgroup (36).
The current study also showed that there were significant
differencesinall three individuals BCAAs between the GDM
group and the control group in the publication year of >
2007 study, and these differences were not found in the
study published in the year < 2007.

5.1. Strengths and Limitations

Some strengths could be emphasized in the current
study. Firstly, the researchers conducted a quantitative
analysis for the first time to estimate the association be-
tween plasma BCAAs concentrations and DM. Secondly,
comprehensive methods including strict literature screen-
ing and quality evaluation process were utilized to reduce
bias. Thirdly, stratified analysis showed that some vari-
ables (age, BMI, publication year and ethnicity) could be
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Table 2. Stratified analysis of BCAAs levels in GDM patients

BCAAs N SMD (95% CI) P (SMD) P (%) P(H) P(S)
Leucine 7 3.76 (1.70, 5.82) < 0.001 97.2 < 0.001
Age,y 0.07
<30 3 170 (-1.04, 4.43) 0.224 90.2 < 0.001
> 30 4 5.73(2.01,9.46) 0.003 98.4 < 0.001
BMI, kg/m® 025
<28 2 11.68 (-11.18, 34.54) 0.317 99.5 < 0.001
> 28 2 0.21(-0.61,1.03) 0.611 71.8 0.060
Ethnicity —
Unclear 3 2.51(-0.64, 5.67) 0.118 89.5 < 0.001
Caucasian 6 4.68(1.79,7.57) 0.002 97.7 < 0.001
Publication year 0.02
<2007 4 1.63(-0.48,3.75) 0.129 89.6 < 0.001
> 2007 3 7.03(2.92,11.4) 0.001 98.9 < 0.001
Isoleucine 8 3.5 (1.42, 4.87) < 0.001 97.1 < 0.001
Age,y 0.12
<30 3 1.52(-1.00, 4.04) 0.238 89.4 < 0.001
> 30 5 419 (1.60,6.77) 0.002 98.1 < 0.001
BMI, kg/m* 0.01
<28 3 5.32(1.89,10.76) 0.005 99.0 < 0.001
> 28 2 0.27(-0.15, 0.68) 0215 0 0.560
Ethnicity 0.17
Unclear 3 2.14 (-0.48,5.31) 0.102 88.1 < 0.001
Asian 2 139 (-1.01,3.80) 0.256 97.2 < 0.001
Caucasian 6 4.00(1.23,6.77) 0.005 97.6 < 0.001
Publication year 0.09
<2007 4 1.77(-0.09, 3.62) 0.062 86.5 < 0.001
> 2007 4 4.63(1.71,7.36) 0.002 98.6 < 0.001
Valine 8 2.77(1.21,4.32) 0.001 96.8 < 0.001
Age,y 0.1
<30 3 136 (-0.92,3.64) 0.242 88.3 < 0.001
> 30 5 3.87(1.49, 6.24) 0.001 98.0 < 0.001
BMI, kg/m® 0.003
<28 3 6.63(2.75,10.51) 0.001 98.9 < 0.001
> 28 2 -0.05 (-1.15,1.04) 0.926 83.9 0.013
Ethnicity 0.03
Unclear 3 1.86 (-0.42, 4.15) 0.110 84.1 0.002
Asian 2 0.76 (0.25,1.27) 0.004 49.9 0.158
Caucasian 6 4.01(1.24, 6.79) 0.005 97.7 < 0.001
Publication year 0.02
<2007 4 115 (-0.71,3.01) 0.224 88.6 < 0.001
> 2007 4 4.57(2.07,7.07) < 0.001 98.4 < 0.001

Abbreviations: CIs, confidence intervals; N, number of included studies; P(H), P for heterogeneity; P(S), P for subgroup differences; SMD, standardized mean differences.

potential sources of heterogeneity. Thirdly, due to the limited number of included articles, the
researchers did not discuss the association between total
BCAAs and GDM. Fourth, there may be potential publica-

tion bias.

However, limitations do exist in the present study.
Firstly, only seven articles (including eight studies) were in-
cluded. Additionally, the number of the included articles
in some subgroups is relatively small. Secondly, some in-
cluded studies that covered a smaller number of subjects.
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Figure 2. Forest plot of the plasma branched-chain amino acids concentrations lev-
elsin gestational diabetes mellitus. A, leucine; B, isoleucine; C, valine. Abbreviations:
SMD, standardized mean difference; CI, confidence interval.

Figure 3. Plot of sensitivity analyses. A, leucine; B, isoleucine; C, valine.
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In summary, this study demonstrates that BCAAs are as-
sociated with GDM risk and might be potential biomarkers
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are required to further confirm the validity of the results.
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