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Abstract

Background: The prevalence of gestational diabetes mellitus (GDM) is increasing globally which is associated with
various side effects for mothers and fetus. It seems that metabolomic profiling of the amino acids may be useful in early
diagnosis of metabolic diseases. This study aimed to explore the association of the amino acids profiles with GDM.

Methods: Eighty three pregnant women with gestational age ≥25 weeks were randomly selected among pregnant
women referred to prenatal care clinic in Arash hospital of Tehran, Iran. Women divided into three groups including 1)
25 pregnant women with normal glucose tolerance test, 2) 27 pregnant women with diabetes type 2 (T2D) (n: 27) and
3) 31 women with GDM (n: 31). Plasma levels of amino acids were measured by high performance liquid
chromatography and were compared in three groups. Statistical analysis was performed using SPSS 16.

Results: Compared with normal mothers, GDM mothers showed higher plasma concentrations of Arginine (P = 0.01),
Glycine (P = 0.01) and Methionine (P = 0.04), whereas the pregnant women with T2D had higher plasma levels of
Asparagine (P = 0.01), Tyrosine (P < 0.01), Valine (P < 0.01), Phenylalanine (P < 0.01), Glutamine (P < 0.01) and Isolucine
(P < 0.01). The results of regression analyses confirmed the significantly elevated in plasma concentration of Asparagine
(OR:3.64, CI 1.22–10.47), Threonine (OR:3.38, CI 1.39–8.25), Aspartic acid (OR:3.92, CI 1.19–12.91), Phenylalanine (OR:2.66,
CI 1.01–6.94), Glutamine (OR:2.53, CI 1.02–6.26) and Arginine (OR:1.96, CI 1.02–3.76) after adjustment for gestational age
and BMI in GDM mothers compared to normal ones.

Conclusions: Amino acids levels are associated with risk of GDM and diabetes mellitus. However further prospective
studies are needed to clarify the role of different metabolites involved in mechanism of GDM.
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Background
Gestational diabetes mellitus (GDM) is a condition in
which pregnant women without formerly diagnosed dia-
betes exhibit glucose intolerance in various degrees, es-
pecially during the third trimester [1]. The prevalence of
GDM is increasing globally [2]. GDM is associated with
many adverse neonatal and maternal outcomes such as
increased risk of type 2 diabetes (T2D) and hypertension
(HTN) which occurs in 2–9% of all pregnancies. The
prevalence of GDM is estimated between 1 and 14%
which varies depending on the studied population [3]. It
is estimated that the increase in the prevalence of GDM
will continue in coming years due to the ageing of

population, urban sedentary lifestyle and the increasing
number of obese women [4]. The worldwide prevalence
of GDM varies by country. In fact, approximately one of
every 20 pregnancies in Iran will be affected by compli-
cations of GDM [5, 6]. In a study conducted by Larijani
et al., the prevalence of GDM was 4.7% (3.9–5.6%) in
Tehran [7]. The prevalence of GDM in Iran has been es-
timated as 3.4% ranged from 1.3 to 18.6% [8]. Therefore,
it can be well thought out that Iranian women are a par-
ticularly high- risk population.
GDM is associated with serious complications for both

pregnant mother and her fetus [9]. There is a 2-fold in-
creased risk of cesarean section and macrosomia, a 3-fold
increased risk of neonatal hypoglycemia and hypocalce-
mia, and a 5-fold increased risk of still- birth in women
with GDM compared with non-GDM ones [7]. Hence, the
evaluation of the GDM should be considered at the first
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visit of pregnancy [10]. All acknowledged diagnostic
methods used for screening of GDM are routinely carried
out at 24–28 weeks of gestation based on monitoring of
concentration of glucose in blood [11].
Metabolomic profiling, as a systematic study of small

molecule products of biochemical pathways, is an effi-
cient method for the identification of novel biomarkers
and mechanisms related to a variety of diseases. The
findings of previous metabolomic studies have indicated
that branched chain amino acids (BCAAs), such as leu-
cine, isoleucine, valine and aromatic amino acids, like
tyrosine and phenylalanine could be used as a predictive
marker of T2D [12].
Several studies have indicated that adiponectin, apoli-

poprotein CIII, and follistatin-like-3 can be considered
as the early diagnostic biomarkers of GDM [13–15].
Recently, Bentley-Lewis et al. have maintained that the

levels of six metabolites, including anthranilic acid,
alanine, glutamate, creatinine, allantoin, and serine are
significantly different between the GDM and control
groups. In addition, the levels of BCAAs did not differ
significantly between GDM and women with normal
glucose tolerance [16].
However, the exact association between the concentra-

tion of amino acids in blood and the pathways of glucose
metabolism in pregnancy is not yet fully elucidated.
Therefore, we conducted this study to determine the
plasma free amino acid profiling in women with GDM,
diabetic pregnant and normal pregnant women to explore
the blood profiles of amino acids and its association with
GDM and diabetes mellitus during pregnancy.

Methods
Subjects
This case–control study was performed among pregnant
women referred to prenatal care clinic in Arash hospital of
Tehran, Iran, between Januarys to April 2016. Eighty three
pregnant women aged 18–40 years with gestational age
of ≥25 weeks were recruited. All participants were divided
into three groups; 1) pregnant women with normal glu-
cose tolerance test, 2) pregnant women with T2D before
pregnancy or fasting blood sugar (FBS) > 95 mg/dl or 2-h
post-GTT blood glucose <200 mg/dl in first trimester and
3) pregnant women with GDM based on ADA criteria [3].
The clinical exclusion criteria were: diabetes type 1,

chronic complication of diabetes type 2 (nephropathy, ret-
inopathy, and cardiovascular disease), gestational complica-
tion (premature delivery, premature rupture of membrane
and pre eclampsia), chronic disease requiring medication
during pregnancy, assisted reproductive technology preg-
nancies with the need to use hormones during pregnancy
and renal diseases.
This study was approved by the Ethics Committee of

the Endocrinology and Metabolism Research Institute

(EMRI) affiliated with Tehran University of Medical
Sciences. all participants signed an informed consent
form and were informed about their rights according to
the Helsinki declaration.

Clinical and laboratory measurements
The questionnaires were completed by a trained nurse
and the participants were requested to answer the ques-
tions carefully. Height and weight were measured ac-
cording to a standard protocol by a team of trained
nurses. Pre-pregnancy body mass index (BMI) was cal-
culated using self-reported weight (kg) at 3 months be-
fore conception and divided by maternal height in
meters squared (kg/m2). Brachial blood pressure was
measured by trained nurses 3 times in the right arm
after a 10-min rest period, using a manual mercury
sphygmomanometer. A fasting blood sample was taken
from all participants after 12 h fasting. Serum and
plasma samples were separated from blood within 1 to 3 h
following blood collection. Serum was separated by centri-
fugation at 500 × g for 10 min, and plasma was separated
at 350 × g for 15 min at room temperature and then
stored in −80 C until analysis. The concentration of FBS,
urea and creatinine were measured by commercial kits
(Pars Azmoon, Iran). Amino acid profiles were measured
by HPLC method (Agilent Technologies).

Statistical analysis
The Kolmogorov–Smirnov test was used to check the
normal distribution of continuous variables. The continu-
ous variables with and without normal distribution were
described as means (standard deviations (SD)) and median
(interquartile range (IQR)), respectively. Categorical vari-
able were reported as number and percentages.
The plasma levels of amino acids between groups (NG,

T2D and GDM) were compared using ANOVA for vari-
ables with a normal distribution and the Kruskal–Wallis
test for variables with a skewed distribution. The multivari-
ate multinomial logistic regression analysis applied to ex-
plore the association of each metabolite with the risk of
developing GDM or T2D after adjustment for pregnancy
age and BMI. Results of multinomial logistic regression
analysis were reported as odds ratio (OR) and 95% confi-
dence interval. Standardized scale (Z-score) of each metab-
olite were used in the multinomial logistic regression
analysis. Statistical analysis was performed using SPSS 16.
Considered-value less than 0.05 were considered as statisti-
cally significant.

Results
The basic characteristics of the participants are pre-
sented in Table 1. As data show in Table 1, pregnant
women with T2D had significantly higher BMI than
controls (P-value = 0.03). As expected, we find that
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women with T2D or GDM had higher blood concen-
tration of FBS than women with normal glucose tol-
erance (P-value <0.001). Maternal plasma amino acid
concentrations in the 3 groups of pregnant women
are presented in Table 2. Compared with normal
mothers, GDM mothers show higher plasma concentra-
tions of arginine (p value = 0.01), glycine (p value = 0.01)
and methionine (p value = 0.04), whereas the pregnant

women with T2D had higher plasma levels of aspara-
gine (p value = 0.01), tyrosine (p value <0.01), valine
(p value <0.01), phenylalanine (p value <0.01), glutamine
(p value <0.01) and isoleucine (p value <0.01).
The results of multivariate multinomial logistic regres-

sion indicated that the increase in plasma level of amino
acids, including asparagine (OR: 3.64, 95% CI: 1.22–
10.74), threonine (OR: 1.95, 95% CI: 1.05–3.60),

Table 1 General characteristics of pregnant women in three groups

Variables NG
(n = 25)

GDM
(n = 31)

T2D
(n = 27)

P-value

Age (year) 29.46 (5.45) 32.65 (5.56) 32.30 (4.89) 0.06

Weight (Kg) 72.63 (11.16) 81.34 (13.00) 82.92 (11.74) <0.001b, a

Height (m) 159.62 (3.63) 163.13 (6.70) 163.38 (7.05) 0.04b, a

BMI (Kg/m2) 28.51 (3.66) 30.43 (3.50) 31.12 (4.51) 0.03b, a

FBS (mg/dl) 78.75 (4.86) 96.44 (12.03) 146.09 (50.59) <0.001b, Ϯ

Pregnancy age (yrs) 28.48 (5.53) 29.14 (6.93) 20.29 (4.38) <0.001b, Ϯ

parity 3.04 (4.41) 2.34 (0.93) 2.04 (1.13) 0.38
aComparison GDM and NG, bcomparison T2D and NG, ϮComparison GDM and T2D
Data are presented as mean (SD)
NG pregnant women with normal glucose tolerance test, GDM women with gestational diabetes mellitus, T2D pregnant women with type 2 diabetes mellitus
Boldface indicates significance of data with p_value <0.05

Table 2 Plasma concentration of amino acids in different groups of pregnant women

Amino acids
(μUI/L)

GDM
(n = 31)

T2D
(n = 27)

NG
(n = 25)

P-value

ASN 35.37 (28.23–40.53) 39 (22.09–53.69) 25.48 (19.70–31.81) 0.01

SER 67.54 (52.13–95.75) 65.44 (41.37–94.41) 72.85 (54.93–87.09) 0.60

HIS 39.57 (27.57–67.69) 33.88 (23.23–56.9) 45.78 (22.13–80.71) 0.39

ARG 61.50 (38.72–84.34) 34.45 (25.47–64.13) 41 (30.11–65.39) 0.01

CIT 20.62 (15.16–29.6) 23.02 (13.80–34.09) 16.69 (13.09–22.74) 0.26

GLY 135.48 (79.77–162.88) 44.04 (20.48–146.37) 105.51 (82.73–139.19) 0.01

THR 128.8 (86.79–206.44) 100 (64.56–197.83) 88.39 (69.38–133) 0.08

TYR 39.28 (30.70–46.64) 49.24 (40.1–66.6) 35.87 (25.58–42.13) <0.01

MET 24.42 (17.56–29.01) 18.9 (14.19–25.45) 20.02 (14.59–23.07) 0.04

VAL 166.54 (129.21–210.76) 270.69 (215.06–366.65) 135.30 (110.36–175.52) <0.01

PHE 49.74 (32.91–54.61) 54.26 (45.06–67.35) 42 (28.99–48.78) <0.01

LEU 95.02 (67.14–1130.50) 104.38 (72.17–148.20) 73.52 (62.93–107.91) 0.07

ORN 21.55 (15.98–32.73) 19.51 (10.08–33.87) 19.7 (13.01–38.47) 0.50

ASP 11.01 (9.54–15.15) 10.22 (6.36–13.01) 9.16 (6.24–12.21) 0.05

GLU 98.60 (75.72–152.132) 124 (83.92–174) 71.41 (48.13–114) <0.01

GLNc 312.86 (89.18) 267.42 (86.9) 298.59 (123.41) 0.20

ALAc 288.47 (97.03) 271.77 (119.82) 290.52 (133.26) 0.80

TRPc 32.97 (13.15) 35.4 (18.89) 36.08 (19.94) 0.76

ILEc 55.38 (18.94) 84.28 (34.53) 52.01 (20.91) <.001Ϯ, b

LYSc 175.44 (58.35) 134.59 (65.11) 164.38 (85.24) 0.07
aComparison GDM and NG, bcomparison T2D and NG, ϮComparison GDM and T2D
cData presented as mean (SD)
Data presented as median (IQR)
According to Kruskal Walis
Boldface indicates significance of data with p_value <0.05
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aspartate (OR: 3.92, 95% CI: 1.19–12.91), phenylalanine
(OR: 2.66, 95% CI: 1.01–6.94), glutamine (OR: 2.53, 95%
CI: 1.02–6.26) and arginine (OR: 1.83, 95% CI: 1.02–
3.30) increased the risk of GDM (Table 3). In addition,
an increase of one SD of plasma level of amino acids
such as asparagine (OR: 2.36, 95% CI: 1.15–4.65), isoleu-
cine (OR: 4.81, 95% CI: 2.10–11.03), valine (OR:7.70,
95% CI: 2.66–22.27), phenylalanine (OR: 3.01, 95% CI:
1.21–6.26) and glutamine (OR: 2.99, 95% CI: 1.26–7.11)
increased the risk of T2D compared to normal pregnant
women (P-value <0.05 for all).

Discussion
To our knowledge, this is the first report describing the
effect of GDM and T2D on the concentration of amino
acids during the pregnancy period among Iranian
women. We conducted an exploratory metabolomic ana-
lysis on 83 pregnant women including 31 women with
GDM, 27 women with T2D and 25 women with normal
glucose tolerance. The highest plasma levels of arginine,
glycine, and methionine were observed in GDM women,
while the pregnant women with T2D had the highest
plasma level of asparagine, tyrosine, valine, phenylalanine,
glutamic acid, and isoleucine compared to other groups
which were statistically significant. In the present study,
decreased plasma levels of serine, histidine, alanine, and
tryptophan were also observed in both groups of pregnant
women with GDM or T2D. However, these differences
were non-significant.
There are limited studies to date evaluating the varia-

tions in the plasma levels of amino acids in GDM. Cetin
et al. in their study of 16 normal and 17 GDM pregnan-
cies have shown that only ornithine significantly in-
creased in GDM mothers. Also, An increase in the levels
of valine, methionine, phenylalanine, isoleucine, leucine,
ornithine, glutamate, proline, and alanine along with a
significant decrease in the level of glutamine in umbilical
vein and artery of women with GDM were reported
compared to the normal pregnant women [17]. However,
it is important to underline the deference between the 2
studies. The BMI of GDM mothers in our study was
higher than those in Cetin et al. study (30.43 ± 3.50 vs.
28.0 ± 1.6 kg/m2). The results of our study illustrated a
significant elevated plasma level of Asparagine, Threonine,
Aspartate, phenylalanine, glutamate, and arginine in GDM
women after adjustment for gestational age and BMI.
In the previous studies, the targeted metabolimoic as-

says have demonstrated the increased level of alanine,
proline, glutamine/glutamate, arginine, and asparagine/
aspartate in subjects with higher level of fasting blood sugar
[18]. Bentley-Lewi et al., by conducting a nested case–con-
trol study among pregnant women aged 18–40 year, re-
ported that of the 91 studied metabolites, one can name
anthranilic acid, alanine, glutamate, allantoin, and serine as

Table 3 Association of amino acids with GDM, T2D and normal
pregnancy in nominal logistic regression

Amino
acid

Crude Adjusteda

OR 95% CI P value OR CI P value

ASN GDM/NGa 1.57 0.77–3.22 0.21 3.64 1.22–10.74 0.01

T2D/NG 2.36 1.15–4.85 0.01 6.78 1.92–23.91 <0.01

SER GDM/NG 1.10 0.66–1.83 0.70 1.25 0.67–2.34 0.46

T2D/NG 0.79 0.42–1.46 0.45 0.73 0.32–1.63 0.44

HIS GDM/NG 0.68 0.39–1.16 0.15 0.74 0.41–1.33 0.32

T2D/NG 0.46 0.23–0.89 0.02 0.27 0.08–0.84 0.02

GLN GDM/NG 1.25 0.73–2.14 0.40 1.39 0.75–2.57 0.29

T2D/NG 0.65 0.34–1.21 0.18 0.73 0.34–1.57 0.42

CIT GDM/NG 1.10 0.6–2.03 0.74 1.40 0.60–3.23 0.43

T2D/NG 1.84 0.90–3.74 0.09 1.44 0.65–3.17 0.36

GLY GDM/NG 1.03 0.62–1.71 0.32 0.75 0.43–1.31 0.31

T2D/NG 0.48 0.25–0.94 0.03 0.41 0.16–1.05 0.06

THR GDM/NG 1.95 1.05–3.60 0.03 3.38 1.39–8.25 <0.01

T2D/NG 1.52 0.77–2.98 0.22 4.12 1.49–11.41 <0.01

ILE GDM/NG 1.24 0.59–2.57 0.56 1.19 0.54–2.62 0.69

T2D/NG 4.81 2.10–11.03 <0.01 4.99 1.63–15.20 <0.01

LEU GDM/NG 1.36 0.71–2.61 0.30 1.50 0.67–3.36 0.32

T2D/NG 2.32 1.15–4.68 0.02 1.35 0.56–3.25 0.51

ORN GDM/NG 0.79 0.46–1.34 0.37 0.86 0.47–1.55 0.62

T2D/NG 0.76 0.42–1.35 0.34 0.38 0.15–0.97 0.01

LYS GDM/NG 1.18 0.66–2.11 0.57 1.05 0.95–1.15 0.29

T2D/NG 0.58 0.29–1.14 0.12 0.83 0.76–0.93 <0.01

ASP GDM/NG 2.44 0.90–6.65 0.08 3.92 1.19–12.91 0.02

T2D/NG 2.31 0.83–6.42 0.11 3.19 0.95–1.067 0.06

TYR GDM/NG 1.09 0.54–2.21 0.79 1.08 0.51–2.26 0.83

T2D/NG 2.64 1.27–5.50 <0.01 1.74 0.76–3.96 0.19

TRP GDM/NG 0.82 0.48–1.42 0.42 0.79 0.45–1.40 0.43

T2D/NG 0.96 0.56–1.65 0.89 0.64 0.29–1.42 0.27

MET GDM/NG 2.48 0.64–9.57 0.18 4.57 0.94–21.91 0.05

T2D/NG 0.81 0.45–1.45 0.48 0.77 0.36–1.65 0.50

VAL GDM/NG 1.89 0.71–4.51 0.21 2.11 0.77–5.77 0.14

T2D/NG 7.70 2.66–22.27 <0.01 4.85 1.55–15.14 <0.01

PHE GDM/NG 2.07 0.95–4.55 0.06 2.66 1.01–6.94 0.04

T2D/NG 3.01 1.21–6.26 <0.01 3.12 1.09–8.95 0.03

GLU GDM/NG 2.19 0.93–5.14 0.07 2.53 1.02–6.26 0.04

T2D/NG 2.99 1.26–7.11 0.01 3.26 1.19–8.88 0.02

ARG GDM/NG 1.83 1.02–3.30 0.04 1.96 1.02–3.76 0.04

T2D/NG 0.84 0.44–1.59 0.59 1.00 0.46–2.18 0.90

AlA GDM/NG 1.20 0.71–2.04 0.48 1.42 0.76–2.65 0.27

T2D/NG 0.84 0.47–1.50 0.56 0.90 0.41–1.99 0.81

NG pregnant women with normal glucose tolerance test, GDM women with
gestational diabetes mellitus, T2D pregnant women with type 2 diabetes mellitus
Metabolite levels were standardized to SD unit
aadjusted for gestational age and body mass index (BMI)
Boldface indicates significance of data with p_value <0.05
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being significantly higher and creatinine as significantly
lower in GDM women compared to non-GDM ones [16].
Previous studies have confirmed that BCAAs, includ-

ing isoleucine, leucine, and valineas well as aromatic
amino acids such as phenylalanine and tyrosine were
strongly associated with insulin resistance and T2D
[12, 19–22]. However, there is a controversy about
the association between BCAAs and GDM. Although
some researchers have found elevated concentration
of branched amino acids in blood of those suffering
GDM [23], other studies have not confirmed this as-
sociation [17, 24]. In consistent with the increased of
BCAAs in type 2 diabetic patients, the results of the
present study showed higher plasma concentration of
valine, isoleucine in T2D pregnant women compared
to GDM and non-GDM ones. It was shown that an
increase in the hepatic gluconeogenes entails the in-
creased level of BCCAs in blood. Patients with insulin
resistance have reduced activities of BCAAs catabolic
enzymes in liver and adipose tissues, which are asso-
ciated with the higher blood concentration of BCAAs
[19, 25]. Some of the previous studies have demon-
strated that aromatic amino acid are associated with
insulin resistance [26] especially in pregnant women
with T2D [12] and GDM [27] while, other investiga-
tions didn’t find any statistically significant correlation
between the plasma level of these amino acids and
GDM [17, 23, 24]. In present study, we found signifi-
cantly elevated levels of tyrosine and phenylalanine in
T2D, but not among GDM mothers.
Another study found that of the 21 amino acids, only

methionine, glycine, alanine, citrulline, and ornithine
levels were significantly higher in normal pregnant
women compared to those with GDM [28]. Similar to
this study, only the plasma level of alanine was higher in
normal pregnant women compared to GDM and T2D
groups which was statistically non-significant. The
mechanisms of these observations were investigated in
the same study. They suggested that the elevation of ke-
tone bodies in the GDM group may inhibit the proteino-
lysis and reduces the oxidation of BCAAs and other
ketogenic amino acids in skeletal muscles, simultan-
eously. Therefore, the ketogenic amino acids (lysine) and
the branched-chain amino acids, such as isoleucine and
leucine are released at low rates from skeletal muscle
and are mostly catabolized in the liver rather than in
peripheral tissues in GDM mothers [28].
Analyses of conventional metabolites of 67 Northern

European mothers with high FBS (>90th percentile) and
50 mothers with low FBS (<10th percentile) indicated
that high FBS mothers had higher blood level of alanine,
proline, and BCAAs that together with higher triglycer-
ides, 3-hydroxybutyrate, had consistency with insulin re-
sistance in this groups [29]. In this study, the metabolic

profiling were determined using targeted and untargeted
metabolomic assays. However, in contrast to this study,
we observed that the plasma level of alanine was higher
in normal pregnant women compared to those with
GDM or T2D. The elevated levels of valine, and isoleu-
cine in pregnant women with T2D compared to other
groups confirm the association of BCAAs and hypergly-
cemia in this study and the previous ones [30–32].
The controversy in these results could be explained by

the differences in the genetic background and environmen-
tal influences on GDM group. Previous studies have been
implemented through using different methods to assess
metabolomic profiling, including targeted and untargeted
approaches to metabolomic using ultra-performance liquid
chromatography tandem mass-spectrometry (UPLC-MS)
or high-resolution gas chromatography time-of-flight mass
spectrometry or liquid chromatography tandem mass
spectrometry (LC-MS/MS) and etc. for targeted and
untargeted. In this study, ultra-performance liquid
chromatography was used for the screening of meta-
boloms in plasma samples. In addition, differences in
the efficient control of glucose and the trimesters of
pregnancy may be other reasons.
The limitation of the present study is the small sample

size. Therefore, the cohort studies with larger sample
sizes are needed to investigate the role of metaboloms
including free amino acids in the prediction of GDM.

Conclusion
In conclusion, this investigation showed that amino
acids levels are associated with higher risk of T2D and
GDM. However, further prospective studies should be
conducted to clarify the role of different metabolites in-
volved in the mechanism of GDM. By considering the
increasing prevalence of diabetes in the world, effective
methods such as metabolomic investigations are needed
to make the prediction and early diagnosis of GDM pos-
sible in pregnant women.

Acknowledgements
We wish to thank the patients and staff of the Arash Hospital, Tehran, Iran.

Funding
This project was supported by Diabetes Research Center, Endocrinology and
Metabolism Research Institute, Tehran University of Medical Sciences.

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Authors’ contributions
BL and NR proposed the concept of study. NR and NS collected the samples.
FR did the analytical aspects of the study. MQ analyzed the results. Initial
draft of the manuscript was written by NR, which was reviewed and edited
by BL, EN and FR. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Rahimi et al. Journal of Diabetes & Metabolic Disorders  (2017) 16:13 Page 5 of 6



Consent for publication
The consent for publication of data was obtained from the participants
when data was collected.

Ethics approval and consent to participate
Ethical approval was obtained from Research Ethics Committee of
Endocrinology and Metabolism Research Institute, Tehran University of
Medical Sciences. The consent to participate in this project was obtained
from the patients by research group when data was collected.

Author details
1Endocrinology and Metabolism Research Center, Endocrinology and
Metabolism Clinical Sciences Institute, Tehran University of Medical Sciences,
Tehran, Iran. 2Diabetes Research Center, Endocrinology and Metabolism
Clinical Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran.
3Department of Community Medicine, Alborz University of Medical Sciences,
Karaj, Iran.

Received: 25 August 2016 Accepted: 2 December 2016

References
1. Kim C. Gestational diabetes: risks, management, and treatment options. Int J

Women’s health. 2010;2:339–51.
2. Nezami N, Safa J, Eftekhar-Sadat AT, Salari B, Ghorashi S, Sakhaee K, et al.

Lovastatin raises serum osteoprotegerin level in people with type 2 diabetic
nephropathy. Clin Biochem. 2010;43(16–17):1294–9.

3. Association AD. 2. Classification and diagnosis of diabetes. Diabetes Care.
2015;38(Supplement 1):S8–S16.

4. Seshiah V, Das AK, Balaji V, Joshi SR, Parikh MN, Gupta S. Gestational
diabetes mellitus–guidelines. J Assoc Physicians India. 2006;54:622–8.

5. Nasli-Esfahani E, Peimani M, Rambod C, Omidvar M, Larijani B. Developing a
Clinical Diabetes Guideline in Diabetes Research Network in Iran. Iran J
Public Health. 2014;43(6):713–21.

6. Alavinia M, Etemad K, A M. Gestational diabetes mellitus in Iran- experience from
the national diabetes program. Int J Pharm Healthc Mark. 2007;6(2):156–66.

7. Hossein-Nezhad A, Maghbooli Z, Vassigh AR, Larijani B. Prevalence of
gestational diabetes mellitus and pregnancy outcomes in Iranian women.
Taiwanese J Obstet Gynecol. 2007;46(3):236–41.

8. Jafari-Shobeiri M, Ghojazadeh M, Azami-Aghdash S, Naghavi-Behzad M, Piri
R, Pourali-Akbar Y, et al. Prevalence and Risk Factors of Gestational Diabetes
in Iran: A Systematic Review and Meta-Analysis. Iran J Public Health. 2015;
44(8):1036–44.

9. Cabrera PA, Lloyd S, Haran G, Pineyro L, Parietti S, Gemmell MA, et al.
Control of Echinococcus granulosus in Uruguay: evaluation of different
treatment intervals for dogs. Vet Parasitol. 2002;103(4):333–40.

10. Langer O, Yogev Y, Most O, Xenakis EM. Gestational diabetes: the
consequences of not treating. Am J Obstet Gynecol. 2005;192(4):989–97.

11. Agarwal MM, Boulvain M, Coetzee E, Colagiuri S, Falavigna M, Hod M, et al.
Diagnostic criteria and classification of hyperglycaemia first detected in
pregnancy: A world health organization guideline. Diabetes Res Clin Pract.
2014;103:341–63.

12. Wang TJ, Larson MG, Vasan RS, Cheng S, Rhee EP, McCabe E, et al. Metabolite
profiles and the risk of developing diabetes. Nat Med. 2011;17(4):448–53.

13. Hajduk J, Klupczynska A, Derezinski P, Matysiak J, Kokot P, Nowak DM, et al.
A Combined Metabolomic and Proteomic Analysis of Gestational Diabetes
Mellitus. Int J Mol Sci. 2015;16(12):30034–45.

14. Bentley-Lewis R, Xiong G, Lee H, Yang A, Huynh J, Kim C. Metabolomic
Analysis Reveals Amino Acid Responses to an Oral Glucose Tolerance Test
in Women with Prior History of Gestational Diabetes Mellitus. J Clin Transl
Endocrinol. 2014;1(2):38–43.

15. Beigi A, Shirzad N, Nikpour F, Nasli Esfahani E, Emamgholipour S, Bandarian
F. Association between serum adropin levels and gestational diabetes
mellitus; a case–control study. Gynecol Endocrinol. 2015;31(12):939–41.

16. Bentley-Lewis R, Huynh J, Xiong G, Lee H, Wenger J, Clish C, et al.
Metabolomic profiling in the prediction of gestational diabetes mellitus.
Diabetologia. 2015;58(6):1329–32.

17. Cetin I, de Santis MS, Taricco E, Radaelli T, Teng C, Ronzoni S, et al. Maternal
and fetal amino acid concentrations in normal pregnancies and in pregnancies
with gestational diabetes mellitus. Am J Obstet Gynecol. 2005;192(2):610–7.

18. Lowe Jr WL, Karban J. Genetics, genomics and metabolomics: new insights
into maternal metabolism during pregnancy. Diabet Med. 2014;31(3):254–62.

19. Floegel A, Stefan N, Yu Z, Mühlenbruch K, Drogan D, Joost H-G, et al.
Identification of serum metabolites associated with risk of type 2 diabetes
using a targeted metabolomic approach. Diabetes. 2013;62(2):639–48.

20. Irving BA, Carter RE, Soop M, Weymiller A, Syed H, Karakelides H, et al. Effect
of insulin sensitizer therapy on amino acids and their metabolites.
Metabolism. 2015;64(6):720–8.

21. Roberts LD, Koulman A, Griffin JL. Towards metabolic biomarkers of insulin
resistance and type 2 diabetes: progress from the metabolome. Lancet
Diabetes Endocrinol. 2014;2(1):65–75.

22. Friedrich N. Metabolomics in diabetes research. J Endocrinol. 2012;215(1):29–42.
23. Metzger BE, Phelps RL, Freinkel N, Navickas IA. Effects of gestational

diabetes on diurnal profiles of plasma glucose, lipids, and individual amino
acids. Diabetes Care. 1980;3(3):402–9.

24. Smirnakis KV, Plati A, Wolf M, Thadhani R, Ecker JL. Predicting gestational
diabetes: choosing the optimal early serum marker. Am J Obstet Gynecol.
2007;196(4):410. e1–. e7.

25. She P, Van Horn C, Reid T, Hutson SM, Cooney RN, Lynch CJ. Obesity-related
elevations in plasma leucine are associated with alterations in enzymes
involved in branched-chain amino acid metabolism. Am J Physiol-
Endocrinol Metabol. 2007;293(6):E1552–63.

26. Würtz P, Soininen P, Kangas AJ, Rönnemaa T, Lehtimäki T, Kähönen M, et al.
Branched-chain and aromatic amino acids are predictors of insulin
resistance in young adults. Diabetes Care. 2013;36(3):648–55.

27. Butte NF, Hsu HW, Thotathuchery M, Wong WW, Khoury J, Reeds P. Protein
metabolism in insulin-treated gestational diabetes. Diabetes Care. 1999;
22(5):806–11.

28. Pappa KI, Vlachos G, Theodora M, Roubelaki M, Angelidou K, Antsaklis A.
Intermediate metabolism in association with the amino acid profile during
the third trimester of normal pregnancy and diet-controlled gestational
diabetes. Am J Obstet Gynecol. 2007;196(1):65.e1–.e5.

29. Scholtens DM, Muehlbauer MJ, Daya NR, Stevens RD, Dyer AR, Lowe LP,
et al. Metabolomics reveals broad-scale metabolic perturbations in
hyperglycemic mothers during pregnancy. Diabetes Care. 2014;37(1):158–66.

30. Kalhan SC. Protein metabolism in pregnancy. In: Cowett RM, ed. Principles
of perinatal-neonatal metabolism. 2nd ed. New York: Springer; 1998. p. 207–20.

31. Park S, Park JY, Lee JH, Kim SH. Plasma levels of lysine, tyrosine, and valine
during pregnancy are independent risk factors of insulin resistance and
gestational diabetes. Metab Syndr Relat Disord. 2015;13(2):64–70.

32. Newgard CB. Interplay between lipids and branched-chain amino acids in
development of insulin resistance. Cell Metab. 2012;15(5):606–14.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Rahimi et al. Journal of Diabetes & Metabolic Disorders  (2017) 16:13 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Clinical and laboratory measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

