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Background: Gestational hypothyroidism (GHT) is a common pregnancy-related thyroid disfunction.
The adverse outcomes by GHT has been increasingly recognized, leading to more public awareness
of the disease. However, comprehensive understanding of the prognosis of GHT has not yet achieved.
Metabolomics is a powerful tool in evaluation of disease outcomes, and cord blood represents an excellent
candidate for the investigation of gestational outcomes.

Methods: In the present study, we performed 1H-NMR based metabolomics on cord blood of 18 pregnant
women with GHT and 18 non hypothyroidism (NHT) control.

Results: The metabolomic profile of GHT was separated with the NHT control. A total of 8 metabolites
with altered abundances were observed, among which Creatinine and O-Phosphocholine were elevated and
the others were downregulated in GHT. Spearman rank correlation suggested that the eight differential
metabolites were correlated with the GHT related thyroid hormones. Pathway analysis of the differential
metabolites indicated that two metabolic pathways were significantly altered in GHT (adjusted P<0.05),
including tyrosine metabolism, phenylalanine, tyrosine and tryptophan biosynthesis. Enrichment analysis
of the differential metabolites against disease-associated metabolite sets suggested that GHT was associated
with disease risks of non-insulin dependent diabetes mellitus, isovaleric acidemia, and methylmalonic
aciduria.

Conclusions: The results of this study revealed GHT associated metabolic changes in cord blood,

providing insights into the metabolic intermediates between GH'T and its related disease risks.
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Introduction

Gestational hypothyroidism (GHT), a common
endocrinopathy, exerts various adverse outcomes to
mother and the fetus (1). GHT has been associated with
preeclampsia, anemia, abruption placenta, miscarriage, and
postpartum hemorrhage (2). Besides the adverse effects
during pregnancy, GHT also does harm to future health
of mother and long-term development of the offspring
(3,4). Comprehensive evaluations of the GHT prognosis is
helpful in promoting public awareness of GHT (5), and is
instrumental in guiding standard treatment of GHT (6).

Metabolomics, defined as the comprehensive analysis of
metabolites in a biological specimen, is a powerful approach
in prognosis of diseases (7-9). Pathophysiological alterations
will inevitably lead to changes in the abundances of specific
metabolites (10). Metabolomics affords a comprehensive
coverage of biological processes and metabolic pathways
through profiling of larger number of metabolites than
the current clinical laboratory techniques (11), which
hold promise to serve as an essential objective lens in
the molecular microscope for precision medicine (11).
Metabolomics offers a promising tool for the discovery
of biomarkers that could be applied in disease diagnosis
(9,12,13), and in evaluation of therapeutic response to a
therapy (14-17).

Although metabolomics has been widely applied in
studying gestational diabetes mellitus (18) and gestational
hypertension (19), application of metabolomics on GHT
is rare. For comprehensive understanding of the adverse
outcomes of GHT, it is necessary to evaluate the influences
of GHT by multifarious approaches (20). In the present
study, we performed 1H-NMR based metabolomics on cord
blood to assess the metabolic consequences of GHT.

Methods
Study participants

A cohort of 36 pregnant women entered the Fourth
Hospital of Shijiazhuang (Hebei province, PR China)
during 2018 were enrolled in this study, including 18
women with GHT, and 18 non hypothyroidism (NHT)
control. GHT was diagnosed according to the 2017
Guidelines of the American Thyroid Association for the
Diagnosis and Management of Thyroid Disease During
Pregnancy and Postpartum (21). Women who met any of
the following criteria were defined as GHT: (I) Thyroid-
Stimulating Hormone (T'SH) level >4.2 mIU/L; (IT) Free Tri-
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iodothyonine (FT3) level <3.1 pmol/L; (IIT) Free Thyroxine
(FT4) level <12 pmol/L. Women who simultaneously
met the following criteria were defined as NHT: (I) TSH
level ranges from 0.27 to 4.2 mIU/L; (II) F13 level ranges
from 3.1 to 6.8 pmol/L; (IIT) FT4 level ranges from 12 to
22 pmol/L. Only the pregnant women who met the above
GHT criteria both at 11%-14" gestational week and after
the parturition were included into GHT group. Women
with known pre-existing thyropathy or autoimmune
disease, goiters, thyroid peroxidase antibody were excluded.
The study was conducted according to the guidelines in
the Declaration of Helsinki, and approved by the Ethics
Committee of the Fourth Hospital of Shijiazhuang.

Demographic data and sample collection

Demographic data of the enrolled pregnant women were
obtained by interview at the 11*-14" gestational week,
including age, height, bodyweight (before pregnancy
and at the interview). Clinical information, including
type of delivery and gestational age was collected after
the parturition. Cord blood was collected during the
parturition. EDTA anticoagulant plasma was extracted for
metabolomic profiling by centrifuge at 4 °C, 3,000 rpm for
15 min, aliquoted and stored in a deep freezer at —80 °C.

Measurements of TSH, F13 and FT4

TSH, FT3 and FT4 was measured from fasting serum
by a Cobas 6000 (Roche Diagnostics, Basil Switzerland)
analyzers utilizing electrochemiluminescence (ECL)
technology. The analyzer was calibrated using both
pathological and normal controls according to the
manufacturer’s instructions. Method calibrations were done
on the analyzer once a month to reduce systemic bias.

1H-NMR based metabolomics

Plasma sample preparation for IH-NMR spectral profiling
was performed according to a previously reported
procedure with slight modifications (22). Briefly, an aliquot
of 450 pL plasma was thawed on ice and mixed with 900
pl methanol, vortexed for 2 min then centrifuged at 4 °C,
13,000 rpm for 20 min to pellet proteins. The supernatant
was dried completely by a vacuum dryer (Concentrator
Plus, Eppendorf, Germany). The dried sample was
reconstituted in 600 pL phosphate buffer solution in D,0O
(0.2 M Na,HPO,/NaH,PO,, pD =7.4, containing 10 mM
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TSP as internal standard). The sample was then centrifuged
at 4 °C, 13,000 rpm for 20 min to eliminate the precipitates,
and 550 pL of the supernatant was transferred into a
5 mm NMR tube for NMR spectrometry by a Bruker
600 MHz AVANCE III NMR spectrometer (Bruker
BioSpin, Germany). The NMR spectrum was acquired
using Carr-Purcell-Merboom-Gill (CPMG) pulse
sequences with the following parameters: spectral width
12,019.2 Hz, spectral size 65,536 points, pulse width 14 ps,
relaxation delay 1.0 s, scan number 64. MestReNova (v8.0.1,
Mestrelab Research, Santiago de Compostella, Spain) was
used for spectra processing. The phase and baseline were
corrected manually and the chemical shift of TSP was
calibrated at 0.00 ppm. The spectra region of  0.11 to § 9.12
were segmented at 0.01 ppm width into IH-NMR features
after exclusion of the region of residual water (6 4.75-3 5.08).
The obtained NMR data was normalized to the total sum of
spectra before further analysis.

Multivariate analysis

MetaboAnalyst (v4.0, http://www.metaboanalyst.ca) was
applied for multivariate analysis of the metabolomic
data (23). Principal component analysis (PCA) was applied
for an overview of the metabolomic data. Partial-Least
Squares Discrimination Analysis (PLS-DA) was applied
to select the IH-NMR features with discriminative power
between the GHT group and the NHT group. A 200-cycle
permutation test was used to evaluate the PLS-DA model.
The fitting validity and predictive ability of the PLS-
DA model were assessed by the parameters of multiple
correlation coefficient (R2) and the cross-validated R2 (Q2).
IH-NMR features with discriminative power were validated
by Wilcoxon Rank Test and EBAM [Empirical Bayesian
Analysis of Microarray (and Metabolites)] implemented in
MetaboAnalyst. Metabolites were characterized from the
1H-NMR features with discriminative power by searching
against the human metabolome database (HMDB, http://
www.hmdb.ca) and previously published literatures with
chemical shift, coupling constant, and peak type. Metabolic
pathway enrichment was performed by the enrichment
analysis module of the MetaboAnalyst web portal.
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Results

Data pre-processing and quality control of the plasma
metabolome

To avoid the influences of water and EDTA (as anti-
coagulant), we deleted the water and EDTA peaks before
further investigations (Figure SI). No missing value was
detected by a data integrity check of the metabolomic
data. The metabolic data was then subjected to a data pre-
processing procedure including sample normalization by
sum, log transformation (for adjustment of positive skewness
of the metabolomic data) and scaling (UV scaling for PCA
and Pareto scaling for PLS-DA). A better distribution of
the metabolomic data was observed after the pre-processing
procedure (Figure S2). To monitor the robustness and
reproducibility of the metabolomic profiling, quality
controls (QCs) were applied by pooling equal aliquots of
each plasma sample, and were analyzed after every ten
clinical samples. Quality control of the metabolomic data
was performed by PCA on the QCs and clinical samples.
All of the QCs were clustered together in the sample space
of PCA (Figure S3), indicating a good reproducibility of the

metabolic profiling.

Multivariate analysis suggests notable variations occurved
in the cord blood metabolome of GHT

To primarily evaluate the natural separation of the cord
blood plasma metabolome among the 36 enrolled pregnant
women, PCA was performed on the obtained 1H-NMR
spectra (Figure 1A4). The first two principle components
(PCs) could explain 47.3% of the overall variances (30.3%
and 17% for PCI and PC2, respectively). The plasma
metabolome of GH'T exhibited a clear separation with those
of the NHT group, indicating a natural separation occurred
in the cord blood metabolome of the two groups.

To better discriminate the metabolome between the
GHT group and the NHT group, and to explore the
metabolites responsible for the variations, PLS-DA was
performed on the cord blood metabolome. Multiple
correlation coefficient (R2=0.66) and the cross-validated
R2 (Q2=0.41) suggested good fitting validity and predictive
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Figure 1 PCA and PLS-DA on the cord blood plasma metabolome between women with GHT and the NHT control. (A) Scores plot of
PCA based on the first two principle components (PCs), which explain 47.3% of the total variances (30.3% and 17% for PC1 and PC2,
respectively); (B) scores plot of PLS-DA based on component 1 and component 2, which explain 45.8% of the total variances (27.9% and

17.9% for component 1 and component 2, respectively). Red oval represents the 95% CI of scores calculated from the NHT controls.

Green oval represents the 95% CI of scores calculated from the GHT samples. PCA, Principle Component Analysis; PLS-DA, Projection

to Latent Structures-Discrimination Analysis; GH'T, gestational hypothyroidism; NH'T, non-hypothyroidism.

ability of the PLS-DA model. A 200-cycle permutation
test (Figure S4) was performed to evaluate the statistical
significance of the obtained PLS-DA model, the result
of which indicated that the observed between-group
differences are assumed to be statistically significant
(P=0.009). From the score plot of PLS-DA (Figure 1B), the
GHT group was clustered and clearly separated with the
NHT group, suggesting significant variations occurred in
the circulating metabolic profiles of pregnant women with

GHT.

Identification of metabolites with altered abundances in
cord blood of GHT

The metabolites with significant altered abundances
between GHT and the NHT control were identified
from the segmented 1H-NMR features obtained from
IH-NMR spectra (http://cdn.amegroups.cn/static/
application/8dc7¢d077693elcedf783970bc6c4edas/
atm.2020.03.91-1.pdf). The between-group differential
IH-NMR features should simultaneously meet the
following criteria: significant changed relative abundance
(a peak area divided by the total peak area of a sample)
with adjusted P<0.05 in a Wilcoxon Rank Test (Figure 24,
Table S1); the calculated posterior larger than 0.9
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and the z value lager than 2 in EBAM (Figure 2B,
Table S2); Variable Importance for the Projection (VIP)
greater than 1 in the PLS-DA model. A total of 19
1H-NMR features with altered abundances between GHT
and NHT were obtained, among which 8 metabolites were
assigned (structurally identified) against the database of
HMDB and the previously published literatures (Table I).
The absolute abundances (Figure 3) of the differential
metabolites (calculated by the abundance of TSP multiplied
by the quotient of the peak area of the metabolite and the
peak area of TSP) suggested that Creatinine (adjusted
P<0.01, Figure 34) and O-Phosphocholine (adjusted P<0.01,
Figure 3B) were elevated in GHT group, while a panel of
6 metabolites were decreased in GHT group including
Tyrosine (adjusted P<0.01, Figure 3C), Citric acid (adjusted
P<0.01, Figure 3D), 3-Methyl-2-Oxovaleric acid (adjusted
P<0.01, Figure 3E), Sarcosine (adjusted P<0.05, Figure 3F),
Carnitine (adjusted P<0.05, Figure 3G), L-0-Aminobutyric
acid (adjusted P<0.05, Figure 3H).

The differential cord blood metabolites were correlated
with the clinical indices of GHT

To investigate the relationship between the differential
metabolites and GHT associated clinical indices (Ziable S3),
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Figure 2 Selection of the 1H-NMR features with altered abundances in cord blood plasma metabolome of women with GHT. (A)
Wilcoxon rank test to the whole 682 features extracted from the IH-NMR spectrometry on the cord blood plasma of the enrolled pregnant
women. A total of 272 features with adjusted P<0.01 were selected (pink dots); (B) EBAM [Empirical Bayesian Analysis of Microarray
(and Metabolites)] on the whole 682 features. A total of 357 features with posterior greater than 0.9 were selected (green circles). GHT,

gestational hypothyroidism.

Table 1 Cord blood metabolites with altered abundances between GHT and the NHT control

Metabolite Chemical shift VIP p[1] p(corn[i] P value FDR

L-alpha-Aminobutyric acid 0.98t, 1.91m, 3.72dd 1.18 -0.05 -0.81 5.30E-03 1.57E-02
Carnitine 2.46q 1.45 -0.06 -0.73 1.16E-02 3.03E-02
Citric acid 2.54d, 2.66d 1.28 -0.05 -0.81 7.05E-04 3.18E-03
Sarcosine 2.73s, 3.60s 1.54 -0.06 -0.74 7.42E-03 2.07E-02
3-Methyl-2-oxovaleric acid 1.10d, 2.94m 1.16 -0.04 -0.86 2.41E-03 8.09E-03
Tyrosine 3.05m, 6.91d, 7.19d 1.99 -0.08 -0.91 1.71E-03 6.20E-03
Creatinine 4.06s 1.05 0.04 0.77 6.17E-05 1.04E-03
O-phsphocholine 3.22s,4.17s 1.32 0.05 0.77 8.93E-04 3.70E-03

GHT, gestational hypothyroidism; NHT, non-hypothyroidism; VIP, variable importance in the projection; FDR, false discovery rate; s, single-
peak; d, doublet-peak; t, triplet-peak; q, quartet-peak; m, multiplet-peak; p[1], covariance coefficient calculated with Principle Component
1 of the selected OPLS-DA model; p(corr)[1], correlation coefficient calculated with Principle Component 1 of the selected OPLS-DA

model.

spearman rank correlation was performed (Figure 4A4).
Among the thyroid hormones, TSH was negatively
correlated with L-a-Aminobutyric acid (p=—0.32,
P=7.01E-04), Carnitine (p=—0.30, P=5.01E-04), Citric acid
(p=—0.30, P=3.76E-04), Sarcosine (p=—0.35, P=1.18E-04),
3-Methyl-2-Oxovaleric acid (p=—0.28, P=4.67E-04), and
Tyrosine (p=—0.30, P=4.65E-04), positively correlated with
Creatinine (p=0.48, P=3.18E-04), and O-Phosphocholine
(p=0.31, P=4.08E-03). The relationship between T'SH and
the differential metabolites were similar with those of FT'3,

© Annals of Translational Medicine. All rights reserved.

but in contrary to those of T4 (Figure 44). Delta BMI (the
difference of Body Mass Index (BMI) between the sampling
time and before pregnancy) was negatively correlated with
L-a-Aminobutyric acid (p=—0.20, P=2.94E-02), Carnitine
(p=—0.08, P=4.42E-02). No significant correlation (P<0.05)
was observed between the differential metabolites and
abdomen circumference, fundal height, respectively. Among
the 8 plasma metabolites, Creatinine and O-Phosphocholine
were positively correlated with each other (p=0.67,
P=3.47E-07), and negatively correlated with the other 6
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Figure 3 Absolute abundance of the metabolites with differential abundances in cord blood between women with GHT and the NHT
control. The absolute abundance of each metabolite was calculated by the abundance of TSP multiplied by the quotient of the peak area
of the metabolite and the peak area of TSP. Nonparametric test was applied to evaluate the between-group statistical significance. Multiple
comparison adjustment was performed by False discovery rate. *, P<0.05; **, P<0.01. GHT, gestational hypothyroidism; NHT, non-

hypothyroidism.

plasma metabolites (Figure 44) These results suggested that
cord blood plasma metabolites may contribute to changes in

GHT related clinical indices.

Tyrosine metabolism, phenylalanine, tyrosine and
tryptophan biosynthesis were altered in GHT

Because the GH'T associated differential cord blood plasma

© Annals of Translational Medicine. All rights reserved.

metabolites exhibited significant correlations among each
other (Figure 44), we speculated that shared metabolic
pathways existed. For further biological interpretation of
the differential metabolites between GHT and the NHT
control, metabolic pathway analysis was performed by the
pathway analysis module implemented in the MetaboAnalyst
web portal (Figure 4B). Tyrosine metabolism (pathway
impact =0.14, adjusted P=2.92E-03) and phenylalanine,
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was applied for over representation analysis. Relative-betweenness centrality was used for pathway topology analysis. Only pathways with

adjusted P values lower than 0.05 were labelled. GH'T, gestational hypothyroidism; NHT, non-hypothyroidism.

Table 2 Enrichment analysis of the differential metabolites against disease-associated metabolite sets

Metabolite set Total Hits Hit metabolite P value Adjusted P value
Metabolites affected by gender 9 2 Tyrosine, creatinine 1.11E-05 4.15E-04
Diabetes mellitus (non-insulin dependent) 19 2 Citric acid, creatinine 3.69E-05 4.15E-04
Isovaleric acidemia 9 2 Creatinine, carnitine 4.05E-05 4.15E-04
Methylmalonic aciduria 8 2 Creatinine, carnitine 4.05E-05 4.15E-04

tyrosine and tryptophan biosynthesis (pathway impact
=0.50, adjusted P=2.92E-03) were significantly altered
in GHT. Other significantly altered (adjusted P<0.05)
metabolic pathways with lower pathway impact (O< pathway
impact <0.1) were also observed, including citrate cycle,
glyoxylate and dicarboxylate metabolism, cysteine and
methionine metabolism, glycine, serine and threonine
metabolism, glycerophospholipid metabolism. These results
suggested that alterations in metabolic pathways occurred
in cord blood of GHT, indicating potential disease risks.

Enrichment analysis of the differential metabolites against
disease-associated metabolite sets

To evaluate the GHT associated disease risks, we performed
enrichment analysis of the differential metabolites against

disease-associated metabolite sets by the enrichment

© Annals of Translational Medicine. All rights reserved. Ann

analysis module of MetaboAnalyst web portal. Only the
disease-associated metabolite sets hit by no less than 2
differential metabolites with adjusted P<0.05 were listed
(Table 2). Among the enriched disease-associated metabolite
sets, metabolites affected by gender was hit by Tyrosine
and Creatinine, Diabetes mellitus (non-insulin dependent)
was hit by Citric acid, and Creatinine, Isovaleric academia
was hit by Creatinine and Carnitine, methylmalonic
aciduria was hit by Creatinine and Carnitine. These results
illustrated the metabolic intermediates between GHT and
GHT-associated disease risks, providing clues in further
investigation of the prognosis of GHT.

Discussion

GHT is a common pregnancy-related thyroid dysfunction,
even mild hypothyroidism may result in adverse gestational

Transl Med 2020;8(6):296 | http://dx.doi.org/10.21037/atm.2020.03.91
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outcomes. However, little is known about the intermediates
between hypothyroidism and its adverse gestational
outcomes. While metabolomics is a powerful tool to
decipher disease outcomes, and cord blood serves as an
excellent candidate to investigate the gestational outcomes,
we performed 1H-NMR based metabolomics on cord blood
to reveal GHT related metabolic changes, and to bring
insight into the correlations between these changes and the
clinical manifestations of GHT.

Hypothyroidism is a well-recognized risk factor for
insulin resistance, which disrupt hormonal balances and
alter the metabolism of lipids, protein and carbohydrate.
A panel of 8 plasma metabolites with altered abundances
in GHT was observed in the present study, suggesting
that GHT is a risk factor of metabolic disorders. In
consistence with the findings of this study, a good
correlation has been established between thyroid status
and the plasma concentrations of several amino acids,
including a-aminobutyric acid, glycine, glutamic acid and
alanine (24). The plasma amino acid concentrations in
experimental rats were significantly increased by feeding
with desiccated thyroid, and were remarkably decreased
after thyroidectomy. The kinetic parameters of electrogenic
transfer for sarcosine was significantly altered under
hypothyroidism (25). Tyrosine, as a precursor of thyroid
hormones, in combination with iodine and the follicular
cells, synthesize and secrete thyroid hormone. Thyroid
hormones modulate carnitine palmitoyl transferase la and
acyl-CoA oxidase. The effect of GHT on L-a-Aminobutyric
acid was rarely reported, although the concentration
of GABA was decreased in hippocampus of adult male
offspring of mice under mild perinatal hypothyroidism (26).
The effects of altered maternal thyroid function on the
fetal and neonatal myocardial phospholipid have been
documented. Offspring born to hypothyroid rather than
hyperthyroid mother has decreased total phospholipids,
both at fetal and neonatal stages. Maternal thyroid seems
to play an essential role in the regulations of phospholipid
metabolism in fetal and neonatal hearts (27). The serum
Creatinine is attributable to the hormonal correction of
hypothyroidism (28). The plasma Citrate (the salt form
of Citric acid) was decreased during treatment of primary
hypothyroidism with triiodothyronine (29).

Besides the altered abundances of individual metabolites,
two disturbed metabolism pathways were also observed in
GHT in the present study, including tyrosine metabolism,

© Annals of Translational Medicine. All rights reserved.
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phenylalanine, tyrosine and tryptophan biosynthesis.
‘Tyrosine is a critical precursor of thyroid hormone. The
thyroid gland combined iodine and tyrosine to make thyroid
hormones. Tyrosine metabolism disorder was reported
to be a risk factor of insulin resistance and gestational
diabetes (30). Although the correlation between GHT and
phenylalanine, tyrosine and tryptophan biosynthesis was
rarely reported, the aromatic amino acids phenylalanine and
tryptophan were found to inhibit the uptake of FT3 (31),
illustrating a critical role of this metabolic pathway to
GHT. The results of this study, combined with the previous
reports, suggested that GHT is associated with metabolic
disorders in the circulating system.

Metabolic disorders are risk factors of various diseases,
including obesity, diabetes, and even cancer, mood
disorders. Metabolomics provides a powerful tool for
investigating the prognosis of gestation. In the present
study, three GHT related disease risks were predicted,
including diabetes mellitus, isovaleric academia and
methylmalonic aciduria. In accordance with the findings
of this study, hypothyroidism was reported to be a risk
factor for diabetes mellitus (32), while TSH level was
associated with and increased risk of GDM (33). Isovaleric
academia is an inborn error of metabolism, characterized
by a deficiency of isovaleryl-CoA dehydrogenase, leading to
accumulation of isovalerylcarnitine or isovaleryglycine (34).
Methylmalonic aciduria is another inborn error of
metabolism, characterized by a deficiency of the enzyme
methylmalonyl-CoA mutase (35). Pregnancy is believed
to exert impact on inborn errors of metabolism (36), and
thyroid dysfunction was associated with a series of inborn
errors of metabolism (37). Supported by the previous
reports, the GHT enriched metabolite-sets observed in this
study provide insights into the connections between GHT
and its related disease risks.

As a shortcoming of the present study, EDTA was used as
the anticoagulant for IH-NMR spectrometry. EDTA could
be detected by NMR spectrometry, and its peaks in the NMR
spectra vary depending on the type and concentration of ions
present in the sample. We thus deleted the EDTA peaks from
all of the obtained NMR spectra before multivariate analysis
to avoid its influence. Metabolite confirmation is critical to
support the findings of untargeted metabolomics. Further
investigations are recommended to confirm the existence
and to explore the roles of the GHT associated cord blood
metabolites observed in the present study.
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Conclusions

In conclusion, we performed IH-NMR based metabolomics
on cord blood to reveal metabolic changes and related
disease risks of GHT. A panel of 8 metabolites with altered
abundances in GHT was observed. Three disease risks
were predicted by the metabolites with altered abundances,
including non-insulin dependent diabetes mellitus,
isovaleric academia and methylmalonic aciduria. The
results of this study provide insights into the metabolic
intermediates between GHT and its related disease risks.
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Figure S1 Sample 1H-NMR spectra obtained in the present study. (A) Original spectrum with the peaks of water and EDTA (as
anticoagulant of the cord blood); (B) spectrum with deletion of the peaks of water and EDTA. The assigned metabolites were labeled.
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Figure S2 Normalization of the metabolomic data. The data normalization was carried out by the normalization module of MetaboAnalyst
web portal. The normalization procedures are grouped into three categories: sample normalization (normalized by sum), data transformation

(log transformation), data scaling (mean-centered and divided by the standard deviation of each variable).
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Figure S3 PCA score plot-based quality control of the metabolomic experiment. The IH-NMR data of clinical samples and quality controls
were analyzed by PCA. Red oval represents the 95% CI of scores calculated from the NHT controls. Green oval represents the 95% CI of
scores calculated from the GHT samples. Purple oval represents the 95% CI of scores calculated from the quality controls. PCA, Principle
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Figure S4 Permutation test of the PLS-DA model. The permutation test was carried out by the PLSDA permutation module of
MetaboAnalyst web portal. Separation distance (B/W) was selected for statistic test, and the permutation number was set to 1,000. An
empirical P value of 0.009 was observed. PLS-DA, Projection to Latent Structures-Discrimination Analysis.
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Table S1 Differential metabolites between GH'T group and the healthy control group by Wilcoxon Rank Test

Metabolite Chemical shift P value Adjusted P value
L-alpha-Aminobutyric acid 1.92 1.65E-06 3.89E-05
Glutamine 2.15 3.53E-03 8.96E-03
Carnitine 2.47 1.16E-03 3.66E-03

Citric acid 2.55 1.37E-06 3.33E-05
Sarcosine 2.71 8.36E-04 2.91E-03
3-Methyl-2-oxovaleric acid 2.94 8.34E-08 5.69E-06
Tyrosine 3.05 1.33E-08 5.37E-06
Ethanolamine 3.13 2.91E-03 7.62E-03
Choline 3.19 3.89E-03 9.74E-03
Phosphoethanolamine 3.23 7.47E-04 2.65E-03
Glycine 3.58 1.16E-03 3.66E-03
Creatinine 4.06 5.21E-05 4.13E-04
O-phsphocholine 416 2.58E-04 1.21E-03

GHT, gestational hypothyroidism.

Table S2 Differential metabolites between GHT group and the healthy control group by EBAM

Metabolite Chemical shift z.value Posterior local.fdr
L-alpha-Aminobutyric acid 1.92 -5.90 1.00 1.12E-05
Glutamine 2.15 -3.59 0.99 6.02E-03
Carnitine 2.47 -3.90 1.00 2.52E-03
Citric acid 2.55 -5.68 1.00 2.04E-05
Sarcosine 2.71 -3.77 1.00 3.60E-03
3-Methyl-2-oxovaleric acid 2.94 -4.90 1.00 1.65E-04
Tyrosine 3.05 -7.26 1.00 3.25E-07
Ethanolamine 3.13 -3.26 0.98 1.52E-02
Choline 3.19 -2.85 0.95 4.64E-02
Phosphoethanolamine 3.23 -3.86 1.00 2.81E-03
Glycine 3.58 -3.51 0.99 7.52E-03
Creatinine 4.06 4.55 0.99 5.87E-03
O-phosphocholine 4.16 3.96 0.99 8.12E-03

GHT, gestational hypothyroidism.



Table S3 Clinical indices of the enrolled pregnant women in this study

Sample Group  DeltaBMI E:?;il cirﬁSi?gr]::ce TSH* (mlIU/mL) FT3* (omol/L) FT4* (pmol/L) Type of delivery# Gezt;i;nal
C.G55  Control 9.38 37 115 2.27 3.87 13.32 Vaginal 40+1
C.G62  Control 7.72 34 96 1.69 5.89 18.5 Vaginal 39+1
C.G92  Control 8.32 34 98 3.21 5.02 15.78 Vaginal 41
C.J19  Control 4.25 30 98 3.31 3.67 15.21 Vaginal 37+2
C.J66  Control 5.27 31 101 1.53 4.84 14.59 Vaginal 39+2
C.J75 Control 2.54 34 95 2.7 4.45 12.68 Vaginal 37+3
C.J79  Control 4.24 31 96 25 3.4 12.26 Vaginal 39+3
C.J86  Control 3.80 33 96 3.56 4.51 15.79 Vaginal 37+2
C.J98  Control 4.25 32 93 1.37 3.97 16.21 Vaginal 38+4
C.T129 Control 8.76 33 128 3.19 5.15 14.54 Vaginal 40+1
C.T26  Control 5.14 34 100 1.3 4.03 15.06 Vaginal 40+2
C.T29  Control 2.48 35 106 1.73 4.87 17.29 Vaginal 39+2
C.T32  Control 4.01 30 88 1.12 5.63 19.32 Vaginal 40
C.T34 Control 7.09 34 110 1.06 5.08 16.31 Vaginal 41
C.T45  Control 7.62 35 100 1.03 3.29 12.63 Vaginal 40+2
C.T8 Control 1.08 33 107 2.31 3.91 16.05 Vaginal 40+1
C.Z32  Control 4.78 35 91 2.64 4.08 13.32 Vaginal 40+2
C.Z73  Control 5.86 35 102 3.58 2.19 10.53 Vaginal 40+2
JJ.D103  GHT 3.91 34 91 3.69 34.24 14.07 Vaginal 39+2
JJ.D150 GHT 10.65 34 110 7.18 5.41 11.97 Vaginal 40+2
JJ.G39 GHT 6.02 35 109 4.84 3.69 14.57 Vaginal 41
JJ.G58 GHT 3.01 35 95 6.85 4.88 15.12 Vaginal 38+4
JJ.Ge4 GHT 4.25 32 93 5.54 5.77 17.32 Vaginal 39
JJ.G96 GHT 6.17 32 101 4.42 4.9 15.98 Vaginal 38+4
JJ.J25 GHT 6.81 35 103 5.77 4.84 13.86 Vaginal 40+3
JJ.J58 GHT 5.51 35 105 6.8 5.4 14.53 Vaginal 40
JJ.T149  GHT 7.35 33 115 5.52 5.52 5.02 Vaginal 39+1
JJ.T18 GHT 6.25 33 113 11.13 4.44 12.16 Vaginal 39+2
JJ.T51 GHT 3.81 33 96 4.92 3.66 13.95 Vaginal 39
JJ.T73 GHT 8.25 33 98 7.85 6.22 15.14 Vaginal 38+2
JJ.Z59 GHT 5.86 34 102 4.68 5.2 12.8 Vaginal 39+1
JJ.Z60 GHT 5.38 34 103 4.21 5.09 13.09 Vaginal 40+1
JJ.Z75 GHT 3.65 33 101 4.76 3.41 11.24 Vaginal 40+1
JJ.Z83 GHT 4.87 33 97 8.53 4.79 12.11 Vaginal 39+3
JJ.z87 GHT 8.45 34 102 4.85 4.8 15.69 Vaginal 39+3
JJ.Z99 GHT 7.23 34 104 4.63 5.31 15.73 Vaginal 38+2

*, measured at 11th-14th gestational week/after the parturition; #, Data collected after the childbirth. DeltaBMI, the difference between
BMI at 11th-14th gestational week and BMI before pregnancy; TSH, thyroid-stimulating hormone; FT3, free tri-iodothyonine; FT4, free
thyroxine.
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