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Abstract

Background: We aimed to investigate the association of free thyroxin (FT4), free trilodothyronine (FT3), subclinical hypothyroidism
(SCH), and thyroid peroxidase antibody (TPOab) in the first trimester with gestational diabetes mellitus (GDM). Methods: We recruited
110 pregnant women with GDM and 100 pregnant women without GDM who had normal 75 g oral glucose tolerance test (OGTT) results
between June 2019 and June 2021. We collected basic data from all participants and compared serum FT3 and FT4 levels, SCH, and
TPOab (+) incidences in the first trimester between the two groups. We used logistic regression to identify factors that influence the
development of GDM. Results: Serum FT3 levels were 4.58 £ 0.78 and 4.61 & 1.42 pmol/L in the GDM group and Control group,
while FT4 levels were 9.32 + 2.54 and 10.24 4 2.77 pmol/L. The incidence of SCH were 25.5% and 14.0%, while TPO (+) were 20.0%
and 10.0%. The GDM group’s FT4 levels were significantly lower than the control group’s, whereas the GDM group’s age, incidence
of SCH, and TPOab (+) were significantly higher (p < 0.05). Logistic regression analysis demonstrated that age, SCH and TPO (+)
were risk factors for GDM (p < 0.05), the regression equation: logit p = —3.484 + 0.105 (age) + 1.128 (SCH) + 1.294 (TPOab (+)).
Conclusions: Our findings suggest that monitoring the changes in FT4 levels, SCH, and TPOab (+) incidence in the first trimester may
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be useful in predicting the occurrence and development of GDM.
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1. Introduction

The levels of thyroid hormone (TH) play a crucial role
in fetal growth and development, especially in the nervous
system [1]. During the first 24 weeks of gestation, the fetal
hypothalamus-pituitary-thyroxine axis is not yet fully de-
veloped, and the fetus relies on maternal TH to support its
development and growth [2]. As pregnancy progresses, the
demand for TH in the mother increases [3]. Various mech-
anisms, including thyroid-binding globulin (TBG), human
chorionic gonadotropin (hCG), and the fetal thyroid gland,
work together to regulate maternal TH levels and increase
them when necessary [4]. However, TH also reduces the
body’s sensitivity to insulin and increases the level of in-
sulin breakdown substances, leading to decreased insulin
sensitivity and the development of gestational diabetes mel-
litus (GDM) in pregnant women [5].

Subclinical hypothyroidism (SCH) during pregnancy
is defined as serum thyroid-stimulating hormone (TSH) lev-
els above the upper limit of the pregnancy-specific refer-
ence range in pregnant women, while free thyroxin (FT4)
levels are within the pregnancy-specific reference range [6].
In 2017, the American Thyroid Association (ATA) recom-
mended a serum TSH level greater than 4.0 mIU/L and
FT4 within the normal range as a diagnostic criterion for
hypothyroidism during pregnancy [7]. Thyroid peroxidase

antibody (TPOab) is a thyroid-specific antibody [8]. Pos-
itive TPOab can cause damage to thyroid follicles, which
indirectly inhibits the synthesis of thyroxine and is the main
mechanism leading to hypothyroidism [9]. There have been
only a limited number of studies [10,11] investigating the
relationship between FT4 levels during the first trimester
(up to 13 + 6 weeks of gestation) and GDM. Few studies
have investigated the association of free triiodothyronine
(FT3), SCH, TPOab in the first trimester with GDM. The
purpose of this study is to compare the levels of FT4, FT3,
SCH, TPOab (+) levels in the first trimester between preg-
nant women with or without GDM, and to examine the re-
lationship between these factors and the incidence of GDM.
The findings of this study may provide useful insights for
GDM assessment and monitoring.

2. Methods
2.1 General Data

The subjects of this study were pregnant women who
attended routine antenatal clinics at Jinhua People’s Hospi-
tal between June 2019 and June 2021. The GDM group
comprised 110 pregnant women diagnosed with GDM,
while the control group consisted of 100 pregnant women
with normal results on oral glucose tolerance test (OGTT)
during the same time period. General information about the

Copyright: © 2023 The Author(s). Published by IMR Press.
BY This is an open access article under the CC BY 4.0 license.

Publisher’s Note: IMR Press stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://www.imrpress.com/journal/CEOG
https://doi.org/10.31083/j.ceog5009192
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

patients, including body mass index (BMI) at enrollment,
age, systolic blood pressure (SBP), diastolic blood pressure
(DBP), gravidity, parity, history, and timing of glucose tol-
erance testing, were collected from the prenatal examina-
tion records between 11 to 13 + 6 weeks of gestation. Past
medical history was assessed, including a history of thy-
roid or endocrine. Family history was evaluated to rule out
significant genetic predisposition or thyroid disease. The
ethics committee of Jinhua People’s Hospital approved this
study (IRB-2021033-R). All the patients signed informed
consent. The sample size calculation was based on the as-
sumption that the incidence of SCH in pregnant women is
about 5%, and the incidence of GDM in pregnant women
without SCH is about 10%. To detect a statistically signifi-
cant difference in the incidence of GDM between the SCH
group and the non-SCH group, with a power of 80% and
a significance level of 0.05, a sample size of 100 pregnant
women in each group was required. Therefore, we enrolled
110 pregnant women with GDM and 100 pregnant women
with normal OGTT results as the control group in this study.

The inclusion criteria were as follows: GDM group:
(1) adhere to the GDM definition [12]: patient met on of
the following indicators in the results of the 75 g OGTT
during 24 to 28 weeks of pregnancy: fasting blood glucose
(FPG) over 5.1 mmol/L, one-hour postprandial blood glu-
cose (1 hPG) over 10.0 mmol/ L, or two hours postpran-
dial blood glucose (2 hPG) over 8.5 mmol/L; (2) pregnant
women without previous hypertension, diabetes, abnormal
renal function, familial genetic diseases or abnormal hep-
atic lipid metabolism; (3) age <40 years old; (4) normal
cognitive function; (5) signed informed consent. Control
group: (1) all inspection results were within the normal
range; (2) no history of GDM,; (3) singleton pregnancy; (4)
signed informed consent.

Patients were excluded if they met one or more of
the following criteria: (1) patients with pre-pregnancy con-
firmed diabetes or first trimester diagnosed diabetes (blood
tests for FPG >7.0 mmol/L); (2) patients with polycys-
tic ovary syndrome (PCOS); (3) patients with personal or
familial thyroid disease; (4) patients with macroscopic or
palpable thyroid nodules; (5) patients taking drugs affect-
ing thyroid function, such as thyroid hormone replacement
therapy, antihyperthyroid drugs, or hormones before or dur-
ing pregnancy; (6) patients with autoimmune diseases and
multiple pregnancies.

2.2 Indicators and Methods of Detection

Instrument Information: automated electrochemi-
luminescence immunoassay analyzer (Cobas602, Roche
Diagnostics GmbH, Mannheim, Germany), automated
radioimmunoassay analyzer (Beijing North Institute of
Biotechnology Co., Ltd., Beijing, China), automatic bio-
chemical analyzer (Cobas8000 c702 Chemistry System,
Roche Diagnostics GmbH, Mannheim, Germany), cen-
trifuge (Xiangtan Xiangyi Instrument Co., Ltd., Xiang-

tan, Hunan, China) and pipette (Thermo Fisher Scientific,
Waltham, MA, USA). Reagent Information: FT3, FT4,
and TSH kits (Roche Diagnostics GmbH, Mannheim, Ger-
many).

Three milliliters of blood were collected via cu-
bital venipuncture from each participant during their first
trimester visit. The blood was collected in a coagulation
tube and allowed to stand at room temperature for 10 min-
utes before being centrifuged at 3800 r/min for 8 minutes to
extract the serum for future testing.

Serum TSH levels were measured using an auto-
mated electrochemiluminescence immunoassay analyzer
(Cobas602, Roche Diagnostics GmbH, Mannheim, Ger-
many) with a normal reference range of 0.35 to 4.94 mU/L.
FT3 and FT4 levels were also measured using the same an-
alyzer, with normal reference ranges of 2.65 to 5.7 pmol/L
and 9.0 to 19 pmol/L, respectively.

TPOab levels were measured using an automated
radioimmunoassay analyzer (Beijing North Institute of
Biotechnology Co., Ltd., Beijing, China) with a normal ref-
erence range of 0 to 15%. The automatic biochemical an-
alyzer (Cobas8000 c¢702 Chemistry System, Roche Diag-
nostics GmbH, Mannheim, Germany) was used to measure
blood glucose levels.

SCH was defined as having a serum TSH level higher
than the upper limit of the reference range, while FT4 lev-
els remained within the reference range. The pipette used
in this study was from Thermo Fisher Scientific, Waltham,
MA, USA.

The lipid profile including total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglycerides were measured using enzy-
matic colorimetric methods. Uric acid was measured using
the uricase-phenol amino acid oxidase method.

75 g OGTT test [13]: 75 g OGTT method: Pregnant
women fast for more than eight hours before the OGTT test
and take 300 mL of liquid containing 75 g glucose orally in
5 minutes. Cubital venous blood was drawn during fasting
and at one hour and two hours after glucose administration,
followed by injection into a test tube containing sodium flu-
oride. Plasma glucose was measured using the glucose ox-
idase method [14].

2.3 Statistical Analysis

For all statistical studies, the SPSS Statistics software
(version 26.0; IBM corp, Chicago, IL, USA) was utilized.
Continuous variable data that followed the normal distribu-
tion were expressed as mean =+ standard deviation. Enu-
meration data were compared using the Chi-square test.
To analyze statistical differences between the two sample
means of continuous variables, the #-test (if the variance
is homogeneous) or corrected #-test (if the variance is not
homogeneous) was conducted. In multivariate regression
analysis, logistic regression was first used for the primary
screening of risk factors. To avoid the omission of factors,
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Table 1. Comparison of general clinical data between the two groups (mean + SD).

Variables GDM group (n=110)  Control group (n=100) p-value
Age, years 31.74 £ 5.19 29.84 +4.52 0.003
Gestational weeks at the time of glucose tolerance screening, weeks 2522 +£2.25 25.58 +£2.27 0.125
BMI, kg/m? 22.32 +3.21 22.64 +3.43 0.242
SBP, mmHg 121.90 + 10.24 120.23 + 9.61 0.112
DBP, mmHg 75.73 +7.08 7421 +£7.35 0.065
Number of Gravidity 2.34 +£0.38 241 +0.35 0.084
Number of Parity 0.72 £ 0.13 0.74 £ 0.14 0.142
Glucose (GLU) 5.45+0.24 5.43 £ 0.05 0.093
1H GLU 10.81 + 0.08 10.77 +£0.23 0.193
2H GLU 9.20 +0.13 9.51 +0.31 0.304

GDM, gestational diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; GLU,

Glucose; SD, standard deviation.

a = 0.15 was set for univariate analysis. The factors with
p < 0.15 in univariate analysis were included in logistic
regression to analyze the correlation between free thyroid
hormone and GDM. The results were reported as odds ra-
tio (OR) with 95% confidence intervals (CI). A p-value of
<0.05 was considered statistically significant.

3. Results
3.1 General Clinical Data

This study included a total of 210 patients. General
data, including body mass index (BMI) at enrollment, age,
SBP, DBP, gravidity and parity were compared. The age
of the GDM group was significantly higher than that of the
control group (p = 0.003). There was no statistical differ-
ence between the two groups in terms of gravidity, parity,
basal SBP and DBP, BMI, and the time of glucose tolerance
testing (p > 0.05). The general clinical data of the patients
are presented in Table 1.

3.2 Comparison of Free Triiodothyronine, Free Thyroxin,
Thyroid-Stimulating Hormone, Cholesterol, and Uric Acid

The comparison of FT3, FT4, TSH, cholesterol, and
uric acid between the two groups showed that the mean val-
ues of TSH, FT3, FT4, cholesterol, and uric acid were dif-
ferent between the two groups. The FT3 levels were 4.58 +
0.78 and 4.61 £ 1.42 pmol/L in the GDM group and control
group, respectively, while FT4 levels were 9.32 + 2.54 and
10.24 £ 2.77 pmol/L, and TSH levels were 1.42 + 1.31 and
1.43 + 1.29 mIU/L in the two groups. However, there was
no statistically significant difference in FT3, TSH, choles-
terol, and uric acid between the two groups (p > 0.05) (Ta-
ble 2). The comparison of FT4 between the two groups
showed a significant difference (p = 0.006), with the mean
value of FT4 in the GDM group being lower than that in the
control group (Table 2).
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3.3 Incidence of Subclinical Hypothyroidism and Thyroid
Peroxidase Antibody (+)

The prevalence of SCH in the first trimester was
25.5% (28/110) in the GDM group and 14.76% (14/100) in
the control group, and the difference was statistically sig-
nificant (p = 0.038) (Table 3). Moreover, the prevalence
of TPOab (+) in the first trimester was 20% (22/110) in the
GDM group and 10% (10/100) in the control group, and the
difference was statistically significant (p = 0.044) (Table 3).

3.4 Logistic Regression Analysis of Influencing Factors
for Gestational Diabetes Mellitus

Logistic regression analysis was performed among
age, SCH, TPOab (+), and the incidence of GDM. Whether
GDM occurred (GDM = 1, Non-GDM = 0) has been chosen
as the dependent variable. Binary logistic regression anal-
ysis was performed by including age, SCH, TPOab (+) as
independent variables. The results showed that women with
TPOab (+) in the first trimester had a 3.646 times higher risk
of GDM than pregnant women with TPOab (). Moreover,
patients with SCH had a 3.088 times higher risk of develop-
ing GDM in early pregnancy than those with normal thyroid
function. Table 4 shows that for every one-year increase in
maternal age, there was a 1.111 times increase in the risk
of GDM. The regression equation for the model is logit p =
—3.484 + 0.105 (age) + 1.128 (SCH) + 1.294 (TPOab (+)).

4. Discussion

The main findings of our study suggest that there is
a significant association between FT4 levels, SCH, and
TPOab in the first trimester with the development of GDM.
Our results indicate that the GDM group had significantly
lower FT4 levels, as well as higher age, incidence of SCH,
and TPOab (+) compared to the control group. Further-
more, logistic regression analysis identified age, SCH, and
TPO (+) as significant risk factors for GDM. Our findings
highlight the importance of monitoring changes in FT4 lev-
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Table 2. Comparison of FT3, FT4, TSH, cholesterol, and uric acid between the two groups (mean + SD).

Group Cases FT3 (pmol/L) FT4 (pmol/L) TSH (mIU/L) Cholesterol (mmol/L)  Uric acid (umol/L)
GDM 110 4.58 +£0.78 9.32 +2.54 1.42 +1.31 4.57 + 1.08 299.56 + 108.66
Control 100 4.61 +1.42 10.24 +£2.77 143 +1.29 449 +1.12 282.34 + 104.59
t value —0.192 -2.511 —-0.056 0.527 1.168
p-value 0.423 0.006 0.478 0.299 0.122

GDM, gestational diabetes mellitus; FT3, free triiodothyronine; FT4, free thyroxin; TSH, thyroid-stimulating hormone.

Table 3. Comparison of the incidence of SCH ad TPOab (+) between the two groups.

Variables GDM group (n=110)  Control group (n = 100) p-value
SCH, n (%) 28 (25.5%) 14 (14%) 0.038
TPOab (+), n (%) 22 (20%) 10 (10%) 0.044

GDM, gestational diabetes mellitus; SCH, subclinical hypothyroidism; TPOab (+), pos-

itive thyroid peroxidase antibody.

els, SCH, and TPOab (+) incidence during the first trimester
to predict the occurrence and development of GDM.

Both gestational hypothyroidism and GDM are com-
mon endocrine and metabolic disorders of pregnancy, and
their association has been widely studied [10]. Studies
[15,16] have found that the thyroid hormones play an im-
portant role in regulating the metabolism of blood lipids
and blood glucose. Insufficient thyroid hormone levels
can lead to abnormal metabolic indicators, including obe-
sity and insulin resistance, which can further lead to hy-
perglycemia. Additionally, research has demonstrated that
the thyroid gland, as a target organ of high glucose, can
be damaged by chronic inflammation and high glucose lev-
els, which can worsen thyroid deficiency in individuals with
diabetes [17]. Studies [18,19] have confirmed that increas-
ing age, physical changes, and BMI can increase gestational
hypertension, GDM, and thyroid disease. With increasing
age, insulin resistance increases, and the degree of affin-
ity of insulin-related receptors to insulin decreases, ulti-
mately leading to an increase in the incidence of GDM [20].
Shuang et al. [21] found that the risk of GDM increased
1.15 times for every 1-year increase in age when age was
>35 years in a study of Chinese pregnant women. In our
study, the results showed that the mean age of the GDM
group was higher than that of the control group, and it was
again demonstrated based on previous studies that age was
an independent factor in the incidence of GDM.

Yang et al. [10] studied early low thyroxine levels and
gestational diabetes in 27,513 pregnant women. The study
suggested that FT4 could be used as an independent predic-
tor of GDM disease prediction, and the incidence of GDM
decreases with increasing FT4. In a study of 11,365 preg-
nant women [22], it was demonstrated that there is a re-
lationship between serum thyroxine concentration in early
pregnancy and the occurrence of GDM, and that hypothy-
roxinemia in early pregnancy is also associated with the in-
cidence of GDM. The study also pointed out that FT4 level
was deceased in patients with GDM compared to the non-

GDM group. The results were consisted with our study. In
this study, the FT4 levels were significantly lower in the
GDM group than in the control group.

TPOab as a thyroid-specific antibody may be an inde-
pendent risk factor for adverse pregnancy outcomes [23].
Positive TPOab can cause damage to thyroid follicles, indi-
rectly inhibit the synthesis of thyroxine, which is the main
mechanism leading to hypothyroidism [24]. A significantly
higher incidence of GDM compared with 578 euthyroid
control pregnant women in a study of 167 hypothyroid preg-
nant women with positive TPOab [25]. SCH is significantly
associated with elevated blood glucose level and insulin
level, and is also associated with an increased risk of insulin
resistance [26]. Pregnant women with SCH have a 50%
increased risk of GDM compared with euthyroid pregnant
women [27]. A meta-analysis [28] also showed that SCH
increased the risk of GDM development by 1.558 times.
TPOab (+) is a specific indicator of autoimmune thyroid
disease and is associated with the etiological and prognos-
tic evaluation of SCH, while it is also an essential factor in
predicting GDM [29]. In this study, the results indicated a
higher incidence rate of positive TPOab in the GDM group
than in the control group, and the difference was statisti-
cally significant. The incidence of SCH in the first trimester
in GDM women was 22.5%, which is significantly higher
than that in non-GDM women (14.0%). Logistic regres-
sion analysis showed that GDM was positively correlated
with SCH and TPOab (+), respectively, and TPOab (+)
women increased the risk of GDM by 3.646 times; mean-
while, SCH increased the risk of GDM by 3.08 times. In our
study, we aimed to investigate the association between FT4,
FT3, SCH, and TPOab in the first trimester with GDM. Our
findings suggest that monitoring the changes in FT4 levels,
SCH, and TPOab (+) incidence in the first trimester may
be useful in predicting the occurrence and development of
GDM.

There were several limitations to this study that should
be acknowledged. Firstly, the study design was retrospec-
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Table 4. Logistic regression analysis of influencing factors for GDM.

Variables b-value  p-value OR Lower 95% CI Upper 95% CI
Age, years 0.105 0.001 1.111 1.043 1.183
SCH, n 1.128 0.004  3.088 1.426 6.689
TPOab (+), n 1.294 0.004  3.646 1.497 8.879
Constant (bg)  —3.484 0.001 - - -

GDM, gestational diabetes mellitus; SCH, subclinical hypothyroidism; TPOab (+), pos-
itive thyroid peroxidase antibody; OR, odds ratio; CI, confidence interval.

tive, and the information used was already existing, which
may lead to information bias due to missing data. Secondly,
the thyroid hormone levels were measured from blood sam-
ples taken between 11 to 13 + 6 weeks of gestation, and the
mean age of the GDM group was significantly higher than
that of the control group, which may potentially affect the
relationship between the hypothyroidism and the develop-
ment of GDM. Finally, the analysis did not consider the
timing of blood sampling, which may introduce data bias.

Our study provides further evidence for the impor-
tance of early detection and management of thyroid dys-
function during pregnancy, which may reduce the risk of
GDM. However, further studies are needed to validate the
universal screening approach and to determine the optimal
timing and criteria for screening and treatment.

5. Conclusions

The study concluded that monitoring FT4 levels, SCH,
and TPOab incidence in the first trimester could be useful
in predicting the occurrence and development of GDM. The
study found that the incidence of SCH and TPOab (+) were
significantly higher in the GDM group. Logistic regression
analysis indicated that age, SCH, and TPOab (+) were risk
factors for GDM, suggesting that these factors should be
considered when predicting GDM development.
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