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B Abstract

BACKGROUND: Current screening methods for gesta-
tional diabetes mellitus (GDM) are insufficient in detecting
the risk of GDM in the first trimester of the pregnancy. Re-
cent metabolomic studies have detected altered amino acid
and acylcarnitine concentrations in type 2 diabetes (T2D).
Because of the similarities between T2D and GDM, the de-
termination of these metabolites may be useful in early
screening for GDM. AIM: To evaluate the association be-
tween GDM and first-trimester maternal serum concentra-
tions of ten amino acids and 31 acylcarnitines. METHODS:
This retrospective case-control study included data from
pregnant women screened at Oulu University Hospital be-
tween 1.1.2008 and 31.12.2011. A total of 31,146 women par-
ticipated voluntarily in a first-trimester combined screening
(for chromosomal abnormalities). The study population in-
cluded 69 women who developed GDM during pregnancy
and 295 women without diabetes before or after pregnancy.
The serum concentrations of ten amino acids and 31 acyl-
carnitines were analyzed from frozen serum samples taken
in the first-trimester screening. Multiple of median (MoM)

values were compared between the two groups. RESULTS:
In the GDM group, serum levels of arginine were signifi-
cantly higher (1.13 MoM vs. 0.97 MoM), and those of gly-
cine (093 MoM wvs. 1.03 MoM) and 3-hydroxy-
isovalerylcarnitine (0.86 MoM vs. 1.03 MoM) significantly
lower compared to the control group (all p < 0.01). In each
case, arginine, glycine, and 3-hydroxy-isovaleryl-carnitine
would have detected 46%, 32%, and 39% of GDM cases, with a
false-positive rate of 20%. Combining these three metabolites
with the first-trimester serum marker pregnancy-associated
plasma protein A (PAPP-A) and prior risk (age, BMI, and
smoking) achieved a detection rate of 72%. CONCLUSION:
There are significant differences in the serum levels of argin-
ine, glycine, and 3-hydroxy-isovalerylcarnitine between con-
trols and women who subsequently develop GDM. These
differences were already existent in the first trimester of the
pregnancy. The use of metabolites in combination with prior
risk and first-trimester PAPP-A represents a reliable method
to identify women at risk of GDM.

Keywords: gestational diabetes - acylcarnitine -
glycine - 3-hydroxy-isovalerylcarnitine

arginine -

1. Introduction

o, estational diabetes mellitus (GDM) is a con-
”_dition involving any degree of glucose intol-

¥ erance with onset or first recognition during
pregnancy [1]- The prevalence of GDM is increas-
ing globally; it is currently approximately 8.5% in
Finland [2]. An increasing number of fertile
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women are obese, partly explaining the increasing
prevalence of GDM. In Finland, around one third
of parturients are overweight (BMI of 25 kg/m’® or
higher) and 13% are obese (BMI of 30 kg/m® or
higher) [2]. The incidence of GDM also depends on
the definition of GDM, and is as high as 15-20%
according to the new screening criteria recom-
mended by the International Association of Diabe-
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tes and Pregnancy Study Groups (IADPSG) based
on the Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study [3].

GDM increases maternal and neonatal morbid-
ity. Neonatal complications include hypoglycemia,
hyperbilirubinemia, respiratory distress syndrome,
polycythemia, hypocalcemia, hypertrophic cardio-
myopathy, and fetal macrosomia, which may fur-
ther cause shoulder dystocia and trauma during
delivery [4-6]. Both the GDM patients and their
offspring have an increased risk of developing dia-
betes, obesity, and metabolic syndrome later in life
[7]. Up to 70% of GDM patients develop diabetes
within 10 years after delivery, mostly type 2 diabe-
tes mellitus (T2DM) [8]. During pregnancy, the
risk of morbidity increases in combination with the
severity of hyperglycemia.

GDM is diagnosed by an abnormal oral glucose
tolerance test (OGTT) during pregnancy. In
Finland, a 759 OGTT is recommended for almost
all pregnant women during 24-28 weeks of gesta-
tion. There is evidence that diet and exercise can
decrease the risk of GDM and its complications.
The effects of healthy lifestyle changes seem to be
more effective the earlier they are initiated during
the pregnancy. Preferably, lifestyle changes should
be made before the pregnancy [9]. Approximately
half of the women developing GDM have no known
risk factors, and are therefore not referred for
OGTT before mid-gestation. Therefore, new
screening methods are necessary to allow earlier
identification of women at risk of GDM, their re-
ferral to counseling for favorable lifestyle changes,
and possible prevention of GDM [10].

Recent metabolomics studies have detected
numerous metabolites correlating with insulin re-
sistance and T2DM [11-14]. Metabolic profiles
have been shown to be altered as early as 3-12
years before the diagnosis of T2DM [15-17]. Me-
tabolites associated with T2DM include carbohy-
drates, lipids like lyso-phosphatidylcholines
[17,18], fatty acids [19], acylcarnitines [20], and
amino acids, particularly branched-chain amino
acids (BCAAs, leucine, isoleucine, and valine) and
aromatic amino acids (phenylalanine and tyrosine)
[16]. Leucine, isoleucine, and valine are first con-
verted to branched-chain keto acids (BCKAs) 4-
methyl-2-oxopentanoate, 3-methyl-2-oxovalerate,
and 3-methyl-2-oxobutyrate, respectively, and
eventually lead to the production of C3 and C5
acylcarnitines. Both BCKAs and acylcarnitines
have been found to be elevated in patients with
impaired fasting glucose (IFG) and T2DM [13].

A feature of GDM is that the utilization of insu-
lin-dependent cell fuels are altered as a result of
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Abbreviations:

C50H 3-hydroxy-isovalerylcarnitine

BCAA branched-chain amino acid

BCKA branched-chain keto acid

DR detection rate

FPR false-positive rate

f3-hCG free B-human chorionic gonadotropin

GDM gestational diabetes mellitus

HAPO Hyperglycemia and Adverse Pregnancy Out-
comes

HDL high-density lipoprotein

IFG impaired fasting glucose

IADPSG International Association of Diabetes and
Pregnancy Study Groups

C5 isovalerylcarnitine

MoM multiple of median

NT nuchal translucency

OGTT oral glucose tolerance test

PAPP-A pregnancy associated plasma protein A

PCOS polycystic ovary syndrome

T2DM type 2 diabetes mellitus

VLDL very-low-density lipoprotein

increased peripheral insulin resistance [21]. Fur-
thermore, plasma maternal glucose and free fatty
acids tend to remain elevated because of the
lipolytic effects of placental hormones and insulin
resistance, which occur particularly in late preg-
nancy [22-24]. Whilst a recent review on metabo-
lite profiling in GDM concludes that the existing
studies present inconsistent findings regarding
metabolite profile characteristics [25], there are
pathophysiological similarities between GDM and
T2DM, such that the metabolite profile found in
T2DM may be used to identify women at risk of
GDM.

Therefore, the purpose of this study was to
evaluate whether specific first-trimester maternal
serum levels of ten amino acids and 31 acylcar-
nitines, separately or in combination, can effec-
tively identify women at increased risk of GDM.

2. Methods

This was a retrospective case-control study on
deliveries that took place between 1.1.2008 and
31.12.2011. In total 31,146 women participated in
the first-trimester combined screening (for chro-
mosomal abnormalities) at Oulu University Hospi-
tal (Oulu, Finland). In Finland, the National Insti-
tute for Health and Welfare records the outcome of
all live births and stillbirths with a gestational age
of 22 or more or a birth weight of 500 grams or
more. Data concerning GDM among the study
population was obtained from these records. Par-
ticipation in the first-trimester combined screening
was voluntary. No additional written consent was
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All women screened
(n=31,149)

! !

women without GDM (n = 29,280)
to obtain statistically sufficient
data for the generation of reliable
multiple of median (MoM) equa-
tions for underlying factors (Fig-

All women with
GDM (n = 1,869)

All women without
GDM (n = 29,280)

ure 1).
MoM is a value that measures

the deviation of an individual test
result from the median calculated

Randomly selected
study group (n = 69)

Control group
(n = 295)

from values of the general popula-
tion. The MoM was calculated us-
ing the stratified sampling method,

Figure 1. Flow chart of population and selection of study and control
group. A stratified sampling was carried out by controlling for the follo-
wing parameters: sample storage age, maternal BMI class, and gestational

age at sampling.

needed from the patients to use their serum sam-
ples taken previously to conduct this retrospective
study. The study was approved by the Ethics
Committee of Oulu University Hospital (64/2007).

GDM was diagnosed by a 2-h 75g OGTT during
gestational weeks 12-16 or 24-28. Diagnostic val-
ues were >5.3 mmol/l (fasting blood glucose), >10.0
mmol/l (1-h) and >8.6 mmol/l (2-h). GDM was di-
agnosed if one or more of the values were abnor-
mal. In general, OGTT was not performed in
primipara aged <25 years with no family history of
T2DM and pre-pregnancy BMI of 18.5-25, and in
multipara aged <40 years with no previous GDM
or macrosomia and pre-pregnancy BMI <25 kg/m’.
An earlier OGTT during gestational weeks 12-16
was performed in women at increased risk of GDM
(i.e. in case of BMI > 35, previous GDM, glucosuria
in the first trimester, polycystic ovary syndrome,
or having a first-degree relative with T2DM). If
early OGTT was negative, it was repeated at ges-
tational weeks 24-28 [26].

The study group consisted of 69 women with
GDM. They were selected randomly from the
group of all women who were diagnosed with GDM
in the second trimester (n = 1,869, 6%), and subse-
guently subjected to metabolomic analysis. None of
the patients had been diagnosed at the time of se-
rum sampling. Serum sample analysis was carried
out based on reserved first-trimester serum sam-
ples deposited during the screening period. Subse-
guent GDM diagnosis information was obtained
from OGTT testing performed in the second tri-
mester. The control group consisted of 295 women
with normal glucose metabolism during preg-
nancy. They were selected randomly from all

Rev Diabet Stud (2016) 13:236-245

where the parameters controlled
included serum sample storage
time, maternal BMI class, and ges-
tational age at serum sampling
(week). Stratified sampling means
that the control subjects included
attributes that were distributed
throughout the scale of each stra-
tum. Serum sample storage time was used to avoid
a possible bias due to instability of the analyte. We
are not aware of stability issues, but there is a lack
supportive data for any analyte. Maternal age was
not selected as attribute as it did not affect the
levels of markers like maternal weight or BMI.

Some part of the serum samples taken in the
first-trimester screening were reserved for meas-
urement of the amino acid and acylcarnitine con-
centrations. The serum concentrations of the
amino acids and acylcarnitines studied were ana-
lyzed retrospectively by Quattro micro mass spec-
trometry (Waters, Milford, MA, USA) using the
NeoGram® Amino Acids and Acylcarnitines Kkit
(PerkinElmer, Waltham, MA, USA) applied to 10
pl first-trimester serum. The assays involved a
chemical derivatization step, which included the
addition of a butyl group to the carboxylate groups
of the amino acids, free carnitine, and acylcarniti-
nes to produce butyl esters.

The response of each of the 41 analytes relative
to its corresponding stable isotope-labeled internal
standard was proportional to its analyte concen-
tration. However, concentrations of surrogate ana-
lytes like 3-hydroxy-isovalerylcarnitine (C50H)
were estimated with an internal standard of C5,
which has the same chain length and similar per-
formance characteristics. The concentrations
(umol/l) were normalized to maternal weight, ges-
tational age at serum sampling, maternal age, and
smoking status, and thereby transferred into MoM
values. The study population included Caucasian
women only, so ethnicity correction was not re-
quired. The characteristics of the participants are
shown in Table 1.

Copyright © by Lab & Life Press/SBDR
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MoM values were compared between the GDM
and control group (Table 2). The statistical com-
parison between the groups was performed with
the analysis of variance (ANOVA) method using
TIBCO"Spotfire” software, version 6.5.1. Combined
multivariate logistic regression analysis was per-
formed using Spotfire S+, version 8.1 (TIBCO
Spotfire, Boston, US), to estimate the screening
performance of the selected markers. Screening
performance was evaluated as detection rates
(DRs) of different markers and their combinations
of GDM and false-positive rates (FPRs) of 10% and
20% (Table 3).

Higher FPRs can be justified as the prevalence
is high (up to 15-20%), especially if the new
IADPSG guidelines are applied for diagnosis. In
Finland, diagnostic cutoff values are slightly
higher than IADPSGG guideline values (=5.3
mmol/l vs. >5.1 mmol/l, =210.0 mmol/l vs. >10.0
mmol/l and >8.6 mmol/l vs. 8.5 mmol/l, respec-
tively) [27]. However, using the current diagnostic
criteria, the prevalence of GDM (6%) in our study
was in line with corresponding figures from other
countries, for example with those in the USA (5-
6%) [25]. In our study, we collected data from 69
women who subsequently developed GDM and 295
control women. The prevalence of GDM was 6% in
the entire population studied.

3. Results

Table 1 shows the maternal characteristics in
the GDM and control group. There were 18 (26.1%)
women in the GDM group and 40 (13.6%) women
in the control group over 35 years of age (OR 2.3).
Twenty-nine (42.0%) women in the GDM group
and 75 (25.4%) women in the control group had a
BMI of >30.0 (OR 2.1). There were 37 (12.5%)
smokers in the control group and 14 (20.3%) in the
GDM group (p-value 0.09). There were no women
with polycystic ovary syndrome (PCOS) among
cases or controls.

Table 2 shows the MoM values and p values of
each analyzed amino acid and acylcarnitine in
GDM and control women. We found statistically
significant differences in arginine (p = 23 x 10°),
glycine (p = 0.0013), and C50H levels (p = 0.0029)
between GDM and control. Arginine levels were
significantly higher, while glycine and C50H lev-
els were significantly lower, in the GDM group
compared to controls. The analyses were conducted
with an in vitro diagnostic medical device system;
individual analytes have been verified to fulfill
clinically relevant performance criteria. Box plot
distribution of arginine, glycine, and C50H MoM

www.The-RDS.org

Table 1. Maternal characteristics, first-trimester combined scree-
ning data, OGTT results, and odds ratios for basic risk factors for
GDM

Characteristic Controls GDM p
(n=295) (n=69)
Gestational age at sampling (d) 81.0 (4.2) 82.4 (3.5) 0.01
Maternal age (y) 29.5 (5.5) 31.1(5.0) 0.02
Maternal weight (kg) 71.4 (17.4) 80.5(12.4) <0.01
Maternal BMI (kg/m?) 25.8 (5.6) 29.2 (4.8) <0.01
Combined screening markers
PAPP-A (mU/I1) 1668 (1185) 1239 (939) <0.01
MoM 1.05 0.90 0.02
f8-hCG (ng/ml) 55.0 (37.3) 43.0(21.6) 0.01
MoM 0.99 1.07 0.67
NT (mm) 1.14 (042) 1.13(0.32) 0.80
MoM 1.02 1.05 0.98
OGTT
Fasting (0-h) (mmol/1) 3.78 (1.81) 5.4(0.45) <0.01
1-hour (mmol/1) 7.73(1.64) 10.0 (1.77) <0.01
2-hour (mmol/1) 6.12 (1.36) 7.42(1.65) 0.01

Legend: Data are expressed as mean (SD). Abbreviations: f3-hCG -
free beta human chorionic gonadotropin, MoM - multiple of median,
NT - nuchal translucency, OGTT - oral glucose tolerance test, PAPP-
A - pregnancy-associated plasma protein A.

values in the GDM group and controls are shown
in Figure 2.

First-trimester combined screening markers,
maternal serum PAPP-A, free g-human chorionic
gonadotropin (f3-hCG), and nuchal translucency
(NT) measurements were also compared between
the two groups. There was a significant reduction
in PAPP-A in the GDM group compared to controls
(0.90 MoM vs. 1.05 MoM, p < 0.01), but no signifi-
cant difference in f3-hCG and NT MoMs between
the groups.

We calculated detection rates (DRs) for GDM
using combinations of maternal prior risk (mater-
nal age, BMI, smoking status), arginine, glycine,
C50H, and PAPP-A. Fixed false-positive rates
(FPRs) were 10% and 20%. As a single marker, ar-
ginine achieved the best prediction performance
with DRs of 28% and 46% for FPRs of 10% and
20%, respectively. The most efficient combination
included all markers, although adding PAPP-A in-
creased the DR only marginally from 58% to 59%
with an FPR of 10% and from 70% to 72% with an
FPR of 20% (Table 3). Figure 3 shows a ROC-plot
of the best marker combination. Ethnicity was not
included in the prior risk model since all women
were Caucasian.

Rev Diabet Stud (2016) 13:236-245
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Table 2. Multiple of median (MoM) data for amino acids and carnitines

Analyte Control GDM p
(n=295) (n=69)
Amino acids
Alanine Ala 1.01 0.97 0.37
Arginine Arg 0.97 1.13 <0.01
Citrulline Cit 1.02 1.05 0.46
Glycine Gly 1.03 0.93 <0.01
Leucine Leu 0.99 1.02 0.23
Methionine Met 1.00 0.99 0.88
Ornithine Orn 0.99 1.02 0.79
Phenylalanine Phe 1.00 1.01 0.60
Tyrosine Tyr 0.99 1.06 0.53
Valine Val 0.99 0.98 0.63
Acylcarnitines
Free carnitine Co 1.01 0.99 0.45
Acetylcarnitine Cc2 1.03 0.97 0.26
Propionylcarnitine C3 1.03 0.96 0.65
Malonylcarnitine C3DbC 1.06 1.00 0.51
Butyrylcarnitine C4 0.96 1.02 0.36
Methylmalonylcarnitine  C4DC 1.07 1.01 0.49
3-hydroxy- C40H 1.04 0.99 0.70
butyrylcarnitine
Isovalerylcarnitine C5 1.01 0.88 0.13
Glutarylcarnitine C5DC 1.01 0.92 0.30
3-hydroxy- C50H 1.03 0.86 <0.01
isovalerylcarnitine
Tiglylcarnitine C5:1 1.03 1.00 0.73
Hexanoylcarnitine Cé 0.98 1.04 0.67
Adipylcarnitine C6DC 1.03 0.99 0.23
Octanoylcarnitine C8 0.95 0.96 0.47
Octenoylcarnitine cs8:1 0.97 1.04 0.54
Decanoylcarnitine C10 0.95 1.02 0.52
Decenoylcarnitine C10:1 0.98 0.99 0.74
Decadienoylcarnitine C10:2 0.96 0.87 0.39
Dodecanoylcarnitine C12 1.02 0.98 0.48
Dodecenoylcarnitine C12:1 1.01 0.92 0.48
Tetradecanoylcarnitine  Cl4 1.03 0.95 0.08
3-hydroxy- C140H 1.00 1.00 0.55
tetradecanoylcarnitine
Tetradecenoylcarnitine  Cl14:1 1.01 0.99 0.71
Hexadecanoylcarnitine ~ C16 1.00 0.95 0.48
3-hydroxy- C160H 1.00 1.00 0.12
hexadecanoylcarnitine
Hexadecenoylcarnitine  C16:1 1.02 0.94 0.46
Octadecanoylcarnitine C18 1.01 0.99 0.96
3-hydroxy- C180H 1.08 111 0.50
octadecanoylcarnitine
Octadecenoylcarnitine C18:1 1.02 1.00 0.77
3-hydroxy- C18:10H 1.04 0.91 0.81
octadecenoylcarnitine
3-hydroxy- C18:2 1.02 1.07 0.61

linoleylcarnitine

Legend: Data represent multiple of median (MoM) values.
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4. Discussion

GDM is a risk for both maternal and neo-
natal health. While the risk of GDM can be
lowered significantly by physical activity be-
fore pregnancy and during early pregnancy
[28], there are conflicting results on the ef-
fects of lifestyle changes in GDM women af-
ter gestational weeks 26-28. It appears that
lifestyle changes are more effective the
sooner they are carried out [9, 29]. Therefore,
the focus of screening for GDM should be on
the early identification of risk pregnancies.
Most women can be managed with diet and
exercise, but if a normal glucose balance is
not achieved, anti-diabetic drugs, mainly in-
sulin and/or metformin are needed. As effec-
tive treatment for GDM is available, and
benefits are greater the sooner it is started,
screening for GDM should be performed as
early as the first trimester [30].

Metabolomic profiling studies have found
changes in serum metabolites of diabetic pa-
tients. Altered metabolite levels are believed
to reflect the underlying pathomechanisms of
insulin resistance and impaired glucose tol-
erance. Most consistent findings relate to
amino acids and lipids, and one of the
mechanisms leading to insulin resistance is
thought to be lipotoxicity [31, 32]. Changes in
metabolic pathways lead to accumulation of
intermediary metabolites like acylcarnitines
which may interfere with insulin sensitivity.
Amino acid-derived acylcarnitines, C3- and
Cb-carnitine, fatty acid-derived C6- and C8-
carnitine, and long-chain acylcarnitine levels
have been found to be elevated in obese and
T2DM individuals compared with lean con-
trols [33-35]. However, it is unclear whether
high acylcarnitine levels cause insulin resis-
tance or just reflect a result of it [36]. In con-
trast to previous data in obese and T2DM in-
dividuals, our study analyzed the concentra-
tions of 31 acylcarnitines, and found that
C50H-acylcarnitine levels were significantly
lower in GDM than in controls. C5 presented
similar decreased levels as C50H, but the
difference was not statistically significant.
C5 and C50H are catabolites of leucine.

According to the literature, BCAAs, leu-
cine, isoleucine, and valine, are the amino ac-
ids that are most consistently associated with
insulin resistance and impaired glucose tol-
erance [13, 14, 16]. The Finnish population-

Copyright © by Lab & Life Press/SBDR
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based Metabolomic Syndrome in Men (METSIM)
study, which included 9,369 male individuals (non-
diabetic and newly diagnosed type 2 diabetic), in-
vestigated the possible correlation of 8 amino acids
with hyperglycemia. BCAAs, aromatic amino ac-
ids, and alanine levels were found to increase
while levels of glutamine and histidine decrease
with glycemia. Even mild hyperglycemia induced
these results. The effects were more pronounced in
obese than in lean men [37].

As GDM has pathophysiological similarities to
T2DM, the metabolite profiles in GDM were con-
sidered to be similar to those in T2DM. Some stud-
ies have focused on metabolomics in GDM. For ex-
ample, in a nested case-control study of 96 women
with GDM and 96 matched controls with normal
glucose tolerance, Bentley-Lewis et al. (2015)
measured the levels of 91 metabolites from mater-
nal serum samples obtained at the first prenatal
visit. Alanine, allantoin, anthranilic acid, gluta-
mate, and serine levels were significantly higher (p
< 0.05), and creatinine levels were significantly
lower (p < 0.05) in women who later developed
GDM than in controls, even after adjustment for
gestational age. No difference was found in BCAA
levels. This showed that the metabolites studied
were not altered in GDM to a similar degree as in
T2DM [38].

A review of 17 articles concluded that the ana-
lyzed studies on metabolic profiling in GDM found
metabolic biomarkers and derangements in lipid,
amino acid, and carbohydrate metabolism similar
to T2DM, but also that the results are inconsis-
tent. The metabolites most consistently associated
with GDM were asymmetric dimethylarginine
(ADMA) and NEFAs (major components of triacyl-
glycerols) [25]. The latter have been found to be
elevated in the third trimester of pregnancy [24,
39-41]. The inconsistency between the studies
arose because they varied in several aspects, in-
cluding the timing of serum sampling (early, mid,
or late gestation), number of participants, fasting
status, selection of metabolites, and differing gly-
cemic control or treatment. One of the studies in-
cluded in the review detected a significant differ-
ence in vitamin B,, serum concentrations between
GDM women (n = 15, 160.4 + 32.1 pmol/l) and con-
trol women (n = 78, 234.5 £ 295.9 pmol/l, p =
0.003). However, no significant difference was
found in high-density lipoprotein (HDL) and total
cholesterol [42]. In another study, no difference in
vitamin B levels between GDM women and con-
trols was found. Similarly, the changes for total
cholesterol converged in both groups, with non-
significant changes between the groups, although
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Table 3. Screening performance of different marker combinations
for gestational diabetes mellitus in the first trimester of pregnancy

Combination ROC Detection rate (%)
AUC 0% FPR  20% FPR
Prior risk (age, BMI, smoking) 0.65 19 36
PAPP-A 0.57 15 27
Arginine (Arg) 0.66 28 46
Glycine (Gly) 0.64 19 32
C50H 0.62 23 39
Prior risk + PAPP-A 0.66 24 37
Prior risk + Arg + Gly + C50H 0.81 58 70
Prior risk + PAPP-A+ Arg + Gly +  0.83 59 72

C50H

Legend: AUC - area under the curve, BMI - body mass index, C50H
- 3-hydroxy-isovalerylcarnitine, FPR - false-positive rate, PAPP-A -
pregnancy-associated plasma protein A, ROC - receiver operating
characteristics.

very-low-density lipoprotein (VLDL) was upregu-
lated in the GDM group [43].

In our study, we found significant changes in
maternal serum first-trimester levels of arginine,
glycine, and C50H-acylcarnitine in women who
eventually developed GDM. This result is consis-
tent with the literature on GDM. In contrast, we
found no differences in BCAA, leucine, and valine
levels between GDM patients and controls, which
is not consistent with some previous reports on
T2DM [13, 14, 16]. However, this finding is in
agreement with Bentley-Lewis et al. (2015) who
found that there are differences in metabolic lev-
els, despite several similarities between T2DM and
GDM [38]. Ferrannini et al. (2012) observed that
patients who developed T2DM later had increased
BCAA levels, including those of leucine and valine,
and of three major glucogenic amino acids (includ-
ing arginine), whereas glycine was significantly
decreased [44].

Scholtens et al. (2014) found higher arginine
levels in women with high fasting plasma glucose
(FPG) (n = 67, 96.7 = 20.6 umol/l) than in women
with low FPG (n = 49, 90.2 + 15.7 umol/l, p < 0.01).
The serum samples in this study were taken when
OGTT was carried out, at gestational weeks 24-32
[43]. In the study of Pappa et al. (2007), arginine
levels in GDM women (n = 25, 75.47 + 15.25
pmol/l) were slightly lower than in controls (n =
46, 81.51 + 28.99 pmol/l), but the difference was
not statistically significant. In contrast, glycine
levels were significantly lower in pregnant women
with diet-treated GDM (n = 25, 144.29 + 19.93
pmol/l) than in controls (n = 46, 204.92 + 75.84
pmol/l, p < 0.001), which is consistent with our re-
sults. However, Pappa et al. (2007) used serum
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Figure 2. Box plot of metabolites with statistically significant changes bet-

ween GDM and control.

samples collected later, at gestational weeks 30-33,
which makes a comparison difficult. These authors
also compared fasting free fatty acid concentra-
tions, and they found a significant difference (0.40
+ 0.33 vs. 0.52 £ 0.34, respectively, p = 0.02) [41].
Similarly, Chen et al. (2010) found maternal serum
total fatty acids to be elevated in women with
GDM when compared to controls [45].

In a study that used the data from the HAPO
study, Scholtens et al. (2014) showed that amino
acid degradation pathways were altered in women
with high FPG (>90th percentile) compared to
women with low FPG (<10th percentile) at gesta-
tional weeks 24-32. There were 67 women with
high FPG and 49 women with low FPG. The gly-
cine levels did not differ between the two groups
(191.5 = 46.6 pmol/l in the high-FPG group vs.
189.4 + 31.1 in the low-FPG group, p = 0.60) [46].

Overall, our findings on glycine and arginine
levels in first-trimester serum samples of patients
with subsequent GDM correspond with previous
findings obtained from studies in GDM and T2DM.
However, our results on C50H, C5, valine, and
leucine point to a difference in BCAA metabolism
between T2DM and GDM. We hypothesize that
GDM and T2DM are similar in pathophysiology,
with GDM resembling pre-T2DM. These findings
are not completely consistent with previous data,
although the identified markers have been associ-
ated with T2DM. The differences may be due to
the fact that in the T2DM studies the serum sam-
ples were taken from patients already living with
the disease, and we have analyzed serum samples
from women before the onset of GDM.

Rev Diabet Stud (2016) 13:236-245

ple, glutamate and serine have
been found to correlate with BMI
and parity, while glutamate also
correlates with gravidity [38].

In our study, serum samples
were taken for routine first-
trimester combined screening where fasting was
not required, so that samples were not based on
fasting. While the acylcarnitine profile is usually
not affected by fasting status, fasting is recom-
mended for the amino acid profile. However, the
purpose of our study was to evaluate the use of
first-trimester maternal combined screening se-
rum samples for further screening, and therefore
unfavorable fasting status could not be avoided for
amino acid measurement. We found that C50H
was the only one out of 31 acylcarnitines that was
significantly different between the study groups.
Therefore, in future studies, multiple testing for
C50H should be considered.

In the present study, serum samples were
taken during routine first-trimester combined
screening, a procedure that is completed by most
women in Finland. At this occasion, one serum
sample is obtained from all pregnant women at the
same gestational age; no other routine serum
sampling is carried out during normal pregnancy.
Therefore, precisely one serum sample from each
woman was available for the first-trimester serum
metabolite measurement conducted in this retro-
spective analysis. Adjustments for multiple com-
parisons were not performed (see for example
http://beheco.oxfordjournals.org/content/15/6/1044.
full), but we used a p value of 0.01 as a cutoff for
statistically significant difference instead of 0.05.
This reduced chance findings from 1:20 to 1:100.

In our study, we normalized the serum concen-
trations for underlying factors such as maternal
age and weight (Table 2). The use of MoM values
enabled us to evaluate the true change in the

Copyright © by Lab & Life Press/SBDR
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measured metabolites. Normaliza-
tion of results according to patient’s
weight is important given that the

women in our study group were sig- 0.9+

nificantly heavier than the controls.
The use of MoM values ensured that
the differences in the metabolites
were independent from the underly-
ing factors such as weight. The
analysis of arginine and C50H val-
ues in different maternal BMI
groups (normal, overweight, and
obese) showed similar differences in

Sensitivity

each group. The glycine values 0+

showed that the difference between
GDM women and controls increased
with BMI.

In our study, the study group
consisted of 69 women with compre-
hensive pregnancy outcome data, in-
cluding OGTT and the diagnosis of
GDM. The prevalence of GDM in our
study (6%) was slightly below the
national level (8.5%), which may be because first-
trimester combined screening was not made avail-
able to all pregnant women. We randomly chose 69
GDM women for complete metabolic analysis. This
number was estimated to be large enough to detect
differences between GDM women and controls.
Controls were selected by stratified sampling to
ensure that these women represented the back-
ground population. A limitation of the study is
that we could not use “prior GDM” and “T2DM in
first-degree relatives” as risk factors in the risk
model as we did not have this information from all
control subjects. Using these data would have
overestimated the prediction performance of the
model. On the other hand, the use of history in-
formation will further improve the prediction
model for multiparous women.

During the study period, national legislation on
prenatal screening was established in 2007, but
there was a three-year transition period for im-
plementation at local government level. However,
there is still no reliable screening method for GDM
to date, and the diagnostic OGTT is carried out in
mid-gestation only, although we know that life-
style changes are more effective in preventing ad-
verse pregnancy outcomes the earlier they are ini-
tiated [9]. Maternal serum metabolites could offer
a new way to detect women at risk of developing
GDM at a point in time when lifestyle changes
would be more effective, namely in the first tri-
mester. In our study, we analyzed 41 metabolites
and found that arginine was significantly elevated,
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Figure 3. ROC-plot for the screening panel consisting of basic maternal
characteristics (i.e. prior risk), PAPP-A from aneuploidy screening, and
three selected metabolites (arginine, glycine, and C50H) from the
MSMS panel (black curve). The grey curve includes prior risk only.

while glycine and C50H levels were significantly
reduced in women who subsequently developed
GDM, which is a confirmation of earlier studies. In
addition, the first-trimester combined screening
marker PAPP-A was significantly reduced in the
GDM group.

We used these markers alone and in combina-
tion with each other and maternal prior risk to
calculate the detection rates and false-positive
rates (FPRs) of 10% and 20% for GDM (Table 3,
Figure 3). We found that an FPR of 20% is appli-
cable to high-prevalence GDM, especially if the
new IADPSG guidelines are applied, while 5% or
10% FPR is more applicable to less prevalent ad-
verse outcomes of pregnancy such as aneuploidies
or pre-eclampsia. The best prediction performance
was achieved by using all markers. For an FPR of
20%, this marker combination could detect 72% of
the women who developed GDM subsequently.
Since the first-line treatment for GDM is a healthy
diet and exercise, women false-positively identified
would not be harmed by the treatment. Instead,
women with true-positive screening results could
potentially benefit from the earlier treatment.

In conclusion, maternal metabolites may be
useful in screening for GDM in combination with
maternal characteristics and other data available
(e.g. PAPP-A or history of previous pregnancies).
More studies evaluating the first-trimester levels
of these markers in prospective settings and larger
populations are needed to establish their value as
an early screening method for GDM.
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