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Abstract

Background: Thyroid function is known to be closely linked with type 2 diabetes, but data on the association
between thyroid function and gestational diabetes mellitus (GDM) are inconsistent.

Methods: A total of 2849 pregnant women were included in this retrospective study. Serum concentrations of thy-
roid indicators (free tetraiodothyronine, FT4; thyroid-stimulating hormone, TSH; and thyroid peroxidase antibody, TPO
Ab) were obtained from a clinical laboratory. The presence of GDM were drawn from medical records. The clinical sub-
types of thyroid function (euthyroidism, subclinical hypothyroidism, hyperthyroidism, and isolated hypothyroxinemia)
were categorized according to the thresholds of the 2.5"/97.5" and 10'"/90" percentiles of TSH and FT4 concentra-
tions. A concentration of > 34 |U/L was defined as indicating TPO Ab-positivity.

Results: Two hundred and thirty-five (8.25%) of the 2849 women were TPO Ab-positive. Higher serum concentra-
tions of FT4 (top vs. bottom tertiles) was found to be negatively associated with the risk of GDM. The correspond-
ing odds (OR) values (top tertile vs. bottom tertile) were 0.71 [95% confidence interval (Cl): 0.54, 0.93]. No significant
associations were observed between the extremely 2.51/97 5t or 10t/90t™ percentiles of FT4 concentration, TSH
concentration, thyroid function subtypes (vs. euthyroidism), TPO Ab-positivity (vs. -negativity), and the GDM risk. The
corresponding results remained similar when TPO Ab-positive subjects were excluded.

Conclusions: A negative association with the risk of GDM was observed for the highest FT4 concentrations tertile.
No significant associations were found between the TSH concentration, thyroid function subtypes, TPO Ab positivity,
and the GDM risk.
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Background
Gestational diabetes mellitus (GDM) is a major complica-
tion that may occur during pregnancy and greatly affects
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occurs at a rate of 14.8% according to a recent report [5].
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More studies are urgently needed to better understand
the potential pathogenesis and risk factors for GDM and
thus identify possible control measures.

Thyroid hormones are important for maintaining the
current and long-term health of all humans, including
that of mothers [6] and children [7-9]. Several indica-
tors are commonly used to measure thyroid function,
namely the concentrations of free thyroxine (FT4), thy-
roid-stimulating hormone (TSH), and anti-thyroperoxi-
dase antibody (TPO Ab). A person’s thyroid status (e.g.,
euthyroidism; subclinical hypothyroidism, SCH; isolated
hypothyroxinemia; or hyperthyroidism) can be deter-
mined according to their relative concentrations of FT4
and TSH [10].

A certain proportion of women suffer thyroid disorders
during pregnancy. For instance, the reported prevalence
rates of TPO Ab positivity and SCH were 7.5% and 3.1%,
respectively, in a recent meta-analysis study [9]. Thyroid
disorders are closely related with diabetes disorder; as the
prevalence of thyroid disorders increases in women with
type 1 or type 2 diabetes mellitus, and thyroid disorders
also increase the risk of T2DM [11]. However, although
several studies have been performed, no consistent con-
clusions have been drawn to illustrate the influence of
thyroid disorders on the occurrence of GDM [6, 12-21].

Higher FT4 concentrations were found to protect
against GDM in a large retrospective study of 27,513
Chinese women [20]; however, two studies in the US did
not identify any significant associations [16, 21]. Simi-
larly, other studies have reported positive [13, 22], nega-
tive [20], or no associations [6, 16, 17] between the TSH
concentration and GDM. In a large retrospective study,
TSH concentrations (< 3.2 mIU/L) were adversely related
with GDM, but such relationship disappeared in those
with a TSH concentration > 3.2 mIU/L [13]. The use of
different TSH concentration cutoff points to define TSH
abnormality in previous studies might increase the diffi-
culties in comparing these results. In order to attenuate
the potential influence of different race or population,
the extremely 2.5%/97.5" percentile of FT4 or TSH were
also classified as abnormality [8, 23]. These former evi-
dences might encourage the use of multiple classified
ways of thyroid indicators in a same study to increase the
comparability.

Both hypothyroidism/SCH [12, 24, 25] and TPO
Ab-positivity [14, 19, 26] were suggested to be associ-
ated with a higher risk of GDM, and this risk is further
increased when these statuses co-occur [24, 27]. How-
ever, this pattern could not be supported in several other
studies, as no significant associations between these fac-
tors were identified [14, 17, 18, 20]. Only one or two thy-
roid disorder status (mostly subclinical hypothyroidism)
were investigated, while other thyroid disorders were
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neglected in these studies [12, 14, 22, 24]. More studies
based on full-scale thyroid indicators and disorders are
required to enrich the literature and better explore this
field.

Therefore, in this retrospective study, we aimed to
investigate the associations of thyroid function indicators
(FT4, TSH, and TPO Ab) and thyroid disorders with the
occurrence of GDM in Chinese pregnant women.

Material and methods

Subjects

This study was performed at a large obstetric center in
Foshan City, Guangdong Province, China (Affiliated Fos-
han Maternity & Child Healthcare Hospital, Southern
Medical University). Medical data from March 1, 2015
to July 31, 2018 were retrospectively reviewed. Subjects
aged 18 to 45 years whose records contained data on the
exposure (thyroid function: FT4, TSH, and TPO Ab con-
centrations) and outcome (GDM) were included in the
study. The details of flow of participants were shown in
Fig. 1. To be brief, 10,678 out of 30,318 singleton preg-
nant women provided data of thyroid function. Subjects
with the following situation were excluded: (1) history of
diagnosed thyroid diseases and other serious disease (124
women), including all types of cancer, T2DM, and cardi-
ovascular disease; (2) data of thyroid function measured
beyond period of pregnancy (727 women); (3) the lack of
any exposure indicators or outcome data (842 women);
(4) collection of thyroid function measurements subse-
quent to an oral glucose-tolerance test (OGTT) before 24
gestational weeks (6,052 women); and (5) BMI informa-
tion provided (at first obstetric check-up) after 20 gesta-
tional weeks (84 women). Finally, a total of 2849 pregnant
women with all the required data were included in this
retrospective study.

Thyroid function

Three indicators that reflect thyroid function (FT4, TSH,
and TPO Ab concentrations) and were measured dur-
ing the regular obstetric check-ups in the same clinical
laboratory were reviewed in this study. Blood samples
were collected by nurses and immediately measured
in the same laboratory of the hospital without being
frozen. Serum concentrations of FT4, TSH, and TPO
Ab were measured using an electrochemical lumines-
cence automatic immune analyzer (Cobas e601, Roche
Inc, Switzerland). The gestational weeks at the time of
measurement of these indicators was also reviewed, and
thyroid function measurements that had been taken
subsequent to an OGTT were excluded to avoid causal
inversion associations. Measurements were divided into
tertile groups (with the bottom tertile group representing
the lowest values and the top tertile group representing
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Included 2,849 women with

complete data

Fig. 1 Flow chart of study participants

the highest values), extremely 10% percentile groups
(<10%™, 10~90'™, > 90 percentile) according to their val-
ues in our population. Subjects were further divided in to
extremely 2.5 percentile (< 2.5%, 2.5 ~97.5%, 597 5% per-
centile) according to the reference in Chinese pregnant
women in a local guideline [23].

To further investigate the associations between differ-
ent thyroid statuses and to enable a better comparison of
the data with those of other studies, subjects were further
divided into different groups (euthyroidism, subclini-
cal hypothyroidism, or hyperthyroidism) based on the
extremely 2.51/97.5™ percentiles of TSH and FT4 refer-
ence from a local guideline [23], according to the criteria
published before [8]. Briefly, (1) euthyroidism was defined
as a TSH and FT4 concentration within the normal range

of 2.5™ to 97.5™ percentile; (2) subclinical hypothyroid-
ism was defined as a TSH concentration >97.5" percen-
tile and a FT4 concentration within the normal range; (3)
overt hyperthyroidism was defined as a TSH concentra-
tion <2.5™ percentile and an FT4 concentration>97.5%
percentile, while subclinical hyperthyroidism was defined
as a TSH concentration < 2.5™ percentile and an FT4 con-
centration within the normal range (as only two subjects
had subclinical hyperthyroidism, these two groups were
combined into a single hyperthyroidism group); and (4)
isolated hypothyroxinemia was defined as an FT4 con-
centration <25 percentile and a TSH concentration
within the normal range. Subjects with a TPO Ab con-
centration >34 IU/mL were defined as TPO Ab-positive
according to the measurement kit, and those with an
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TPO Ab concentration < 34 IU/mL were defined as TPO
Ab-negative.

GDM

Each pregnant woman was subject to an OGTT test
during her regular obstetric check-up during the 24 to
28™ gestational weeks. Briefly, after an overnight fast,
the blood glucose concentrations of subjects were deter-
mined at 0, 1, and 2 h after a 75-g dose of oral glucose.
GDM was defined to exist if the subjects met any of the
following criteria: a fasting blood glucose concentra-
tion of>5.1 mmol/L, a 1-h post-oral glucose blood-
glucose concentration of >10.0 mmol/L, or a 2-h blood
glucose post-oral glucose blood-glucose concentra-
tion of >8.5 mmol/L. The outcome and measurement
time of GDM, as well as other potential covariates [age,
body mass index (BMI), and parity] were independently
reviewed by two researchers through examinations of
the medical records and clinical results. The value of
BMI at the first obstetric check-up was reviewed and
used, because we were unable to obtained the pre-preg-
nant BMI information due to retrospective design of the
study. In order to attenuate the influence of this situa-
tion, subjects with BMI obtained at the first obstetric
check-up after 20 gestational weeks were excluded, and
the gestational weeks of BMI measurement were further
controlled.

Statistical methods

Continuous variables are presented as means =+ standard
deviations (SD) or medians (interquartile) according to
the normality. Student’s ¢-tests or non-parametric tests
were used to detect differences in continuous variables
between the TPO Ab-positive and TPO Ab-negative
groups. Chi-square tests were used to compare the dif-
ferences between the categorical variables of these two
groups. The values of three indicators (the concentra-
tions of FT4, TSH and TPO Ab) were divided into tertile
groups, with the lowest group representing the low-
est concentrations and the highest group representing
the highest concentrations. Logistic regression analyses
were performed to explore the associations between
thyroid function and GDM. Multiple models were used
for the adjustment: Model 1 was used for the univari-
ate analysis, Model 2 was used to adjust for covariates
(age, BMI, parity, and gestational weeks), and Model 3
was used to further adjust for the other two indicators
of thyroid function. Logistic regression analyses were
also performed to investigate the associations between
different thyroid statuses (using euthyroidism as refer-
ence) or TPO Ab status (using TPO Ab negativity as a
reference) and GDM. TPO Ab-positive subjects were
excluded from the sensitivity analyses to exclude the
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potential influence of this status. All the analyses were
performed using SPSS 20.0 (Chicago, IL, USA), and a
two-sided p value <0.05 was considered to indicate sta-
tistical significance. Power calculation were performed
using data from our study with serum concentration of
FT4 as the reference independent indicator and occur-
rence of GDM as the reference outcome indicators in
total subjects. The prevalence of GDM in the reference
group (bottom tertile) is 15.4%. Covariates were adjusted
for in the analysis of logistic regression, contributing a
R-squared value of 0.037. By setting a two-sided signifi-
cance level of 0.05, with a final sample size of 2849 and
a OR value of 0.71, the statistical power in our study is
86.0%. Calculations were operated using Pass 11.0 soft-
ware (NCSS LLC, Utah, USA).

Results

A total of 2849 pregnant women with a mean age of
30.0 +4.94 years were included in this retrospective study
(Table 1). Among them, 381 (13.4%) developed GDM,
and the other 2468 (86.6%) remained non-diabetic. A
threshold TPO Ab concentration of>34 IU/mL was
defined as indicating TPO Ab-positivity; consequently,
235 (8.25%) subjects were observed to be TPO Ab-pos-
itive, and the remaining 2614 (91.75%) were TPO Ab-
negative. TPO Ab-positive subjects tended to be older
(mean: 30.8 vs. 29.9 years), have a higher BMI (median:
21.6 vs. 21.2 kg/cm?) and higher concentration of TSH
(median: 1.66 vs. 1.41 mIU/L), and were more likely to
be multiparous (parity >2: 47.7% vs. 37.1%) when com-
pared with TPO-negative subjects. In contrast, no signifi-
cant differences were observed in the gestational weeks
of thyroid or BMI measurement, FT4 concentration, and
proportion of GDM between TPO Ab-positive and TPO
Ab-negative subjects (p =0.289-1.000).

As shown in Table 2, higher concentrations of FT4
(top vs. bottom tertile) was inversely associated with
the risk of GDM. After adjustment for age, BMI, parity,
and gestational weeks of thyroid function or BMI meas-
urement, subjects with the highest FT4 concentrations
(the T3 group) had a 29% lower risk of GDM (vs. the
T1 group; OR: 0.71, 95% CI: 0.54, 0.93). Similarly, these
inverse associations persisted in the sensitivity analysis
that excluded TPO Ab-positive subjects (Supplemen-
tal Table 1). No significant associations were observed
between TSH concentrations and the GDM risk in any of
the adjusted models and among either total subjects or
TPO Ab-negative subjects. We further investigated the
associations of extremely 2.5%/97.5% or 10%/90™ percen-
tile groups of FT4 and TSH with the risk of GDM, how-
ever, no significant results were found in total subjects
(Table 3 & Supplemental Table 2) or subjects with TPO
Ab-negativity (Supplemental Table 3 and 4).
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Table 1 Characteristic of subjects
Total (N=2849) TPO Ab negativity TPO Ab positivity P
(N=2614) (N=235)
Age, years 30.04+4.94 2994493 30.84+4.97 0.007
B!\/H,kg/cm2 21.2+3.01 2124299 21.6+£3.11 0.028
Gestational weeks
BMI 12.3+£240 123+£240 125+£241 0.289
FT4 15.9+6.90 16.0£6.90 15.9+6.98 0.925
TSH & TPOAb 17.143.59 17.14+£3.58 16.94+3.74 0514
Thyroid fuction
FT4, pmol/L 143(129,15.8) 144 (13.0,15.9) 14.1(12.8,15.8) 0374
TSH, miU/L 143 (0.93,2.02) 1.41(0.92,1.98) 1.66 (0.99, 2.49) <0.001
TPOAD, IU/mL 12.8(9.46,18.5) 12.2(9.22,16.5) 964 (50.3, 204) <0.001
Parity 0.002
1 1767 (62.0) 1644 (62.9) 123(52.3)
>2 1082 (38.0) 970 (37.1) 112 (47.7)
Gestational diabetes mellitus, 1.000
N (%)
Yes 381(13.4) 350(13.4) 31(13.2)
No 2468 (86.6) 2264 (86.6) 204 (86.8)
FT4 free tetraiodothyronine TSH thyroid-stimulating hormone TPO Ab thyroid peroxidase antibody;
Table 2 Associations between tertile of thyroid indicators and the risk of GDM
T T2 T3
Reference OR 95%Cl P OR 95%Cl P
FT4, pmol/L ? 124(11.6,129) 144 (13.9,14.8) 16.7 (15.9,18.0)
Model 1 1.00 0.83 0.64,1.07 0.155 0.72 0.55,0.94 0.014
Model 2 1.00 0.80 0.62,1.04 0.801 0.71 0.54,0.93 0.014
TSH, mlu/L @ 0.73(047,0.93) 143 (1.26,1.61) 231(2.03,2.81)
Model 1 1.00 1.02 0.79,1.32 0.859 0.81 0.62,1.06 0.123
Model 2 1.00 1.04 0.79,1.36 0.779 0.87 0.65,1.15 0.325

2 presented as median (interquartile)

Logistic regression analysis were operated for exploration of associations. Model 1: without adjustment. Model 2: adjusted for age, BMI, parity, gestational week of

thyroid indicators measurement, and gestational week of BMI

To further investigate the associations between thy-
roid function and GDM, subjects were divided into dif-
ferent thyroid-function groups (euthyroidism, subclinical
hypothyroidism, hyperthyroidism, and isolated hypo-
thyroxinemia) according to the percentile ranges of the
FT4 and TSH concentrations. Compared with euthyroid
subjects, no significant associations were found between
the risk of GDM and subclinical hypothyroidism, hyper-
thyroidism, and isolated hypothyroxinemia (p =0.536—
0.987; Table 4). Similarly, no significant association was
observed between TPO Ab-positivity (vs. TPO Ab-nega-
tivity) or higher TSH status (> 2.5 vs.<2.5 mU/L) and the
GDM risk (Table 4).

Discussion
In this retrospective cohort study comprising 2849 Chi-
nese pregnant women, higher FT4 concentrations tertile
(instead of extremely 2.5%/97.5% or 10%/90™ percentiles)
was found to be associated with a lower risk of GDM.
No significant associations were observed between
TSH categories or status, thyroid function subtypes (vs.
euthyroidism), TPO Ab-positivity (vs. -negativity), and
the GDM risk. Results remained similar when subjects
with TPO Ab-positivity were excluded in the sensitivity
analyses.

We found that a higher concentration of FT4 (73
vs. T1) was independently associated with a lower risk
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Table 3 Associations between extremely 2.57/97 5% percentile of thyroid indicators and the risk of GDM
2.5%-97.5% <2.5% >97.5% <2.5% >97.5%
Reference OR 95%Cl P OR 95%Cl P Reference OR 95%Cl P
FT4, pmol/L
Model 1 1.00 097 (0.69,1.37) 0.864 0.88 (0.49,1.59) 0.670 1.00 091 (0.47,1.76) 0.770
Model 2 1.00 1.01 (0.71,1.44) 0.964 0.86 (0.47,1.58) 0.623 1.00 0.85 (0.43,1.69) 0.646
TSH, mIU/L
Model 1 1.00 1.04 (0.63,1.74) 0.873 0.96 (0.33,2.76) 0.941 1.00 092 (0.29, 2.95) 0.891
Model 2 1.00 092 (0.54,1.56) 0.990 1.01 (0.34,2.95) 0.990 1.00 1.10 (0.34,3.59) 0.880

Logistic regression analysis were operated for exploration of associations. Model 1: without adjustment. Model 2: adjusted for age, BMI, parity, gestational week of

thyroid indicators measurement, and gestational week of BMI

Table 4 Associations between thyroid status and the risk of GDM

Number of events/total (%) Model 1 Model 2
OR 95%ClI P OR 95%ClI P
Thyroid function
Euthyroid & TPO Ab- (reference group) 293/2208 (13.3) 1.00 - - 1.00 - -
Euthyroid & TPO Ab + 28/198 (14.1) 1.08 (0.71,1.64) 0.730 0.98 (0.64,1.51) 0.925
Subclinical hypothyroidism 3/27 (11.1) 0.82 (0.24,2.73) 0.743 0.85 (0.25, 2.90) 0.794
Hyperthyroidism (including subclinical) 17/115 (14.8) 113 (0.69,1.93) 0.642 1.00 (0.58,1.72) 0.987
Isolated hypothyroxinaemia 40/301 (13.3) 1.00 (0.70,1 43) 0.993 1.03 (0.72,1.49) 0.858
TPO Ab positivity (vs. negativity) 235/2849 (8.2) 0.98 (0.66, 1.46) 0.932 0.88 (O 59,132) 0.536
TSH> 2.5 mU/L (vs.<2.5 mIU/L) 369/2849 (13.0) 1.01 (0.73,1.39) 0.967 1.12 (0.81,1.56) 0486

Logistic regression analysis were operated for exploration of associations. Model 1: without adjustment. Model 2: adjusted for age, BMI, parity, gestational week of

thyroid indicators measurement, and gestational week of BMI

of GDM. These results are consistent with those of a
large retrospective study of 27,513 pregnant women in
Shanghai, China, which found that 23% (OR: 0.77, 95%
CI: 0.68, 0.87) of subjects in the top FT4 concentration
quintile had a lower GDM risk than those in the bottom
quintile [20]. For subjects in the highest FT4 concentra-
tions quintile, GDM occur less often in a prospective
cohort study of 9209 subjects in the US [21]. In another
case-controlled study conducted in the US, a higher con-
centration of free triiodothyronine (FT3), the biologi-
cally active thyroid hormone, or a higher FT3/FT4 ratio
(top quartile vs. bottom quartile) was associated with a
3.89-13.6-fold increase in the GDM risk, whereas no
significant independent association was found between
the FT4 concentration and GDM risk [16]. The median
FT4 concentrations of subjects were similar among these
studies, ranging from 13.1 to 15.9 pmol/L [16, 20, 21],
and our study subjects had the highest median FT4 con-
centration (16.7 pmol/L). These variations may be attrib-
utable to different sensitivities in the effects of thyroid
hormones on GDM in Chinese and American women,
given that the potential for racial heterogeneity was indi-
cated in the former study [28]. The FT3/FT4 ratio tended
to indicate the overt adverse risk for GDM better than

FT3 concentration, as indicated in the former study [16].
Therefore, our discovery of the protective influence of
a higher concentration of FT4 may be partly due to its
reducing effect on the FT3/FT4 ratio. Unfortunately, the
FT3 concentration data were not in the medical records,
and the retrospective study design meant that this omis-
sion could not be remedied. Interestingly, in another
cross-sectional study, lower concentrations of FT3, a
lower FT3/FT4 ratio, and higher concentrations of FT4
were associated with a higher risk of T2DM [29]. There-
fore, although GDM and T2DM are both characterized
by impaired glucose homeostasis, thyroid hormones may
affect these disorders differently. This aspect requires fur-
ther exploration. Nevertheless, our study (together with
former studies) might still indicated that achieving of a
relative higher concentration of FT4 in the normal range
during pregnancy should be encouraged for prevention
of GDM.

The extremely 2.5%/97.5% percentile of FT4 and
TSH are also used to classify FT4 or TSH abnormal-
ity, we further explore their relationships with the risk
of GDM. Since only a small part of subjects belong to
the extremely 2.5%/97.5™ percentile groups, we further
expand the classification to extremely 10%/90%" percentile
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of FT4 or TSH. Interestingly, unlike the FT4 concentra-
tion tertile, we did not observe significant associations
between extremely 2.5%/97.5" or 10%/90" percentile
of FT4 and the risk of GDM. One possible explanation
might be that the numbers of subjects in tertile group
are the same, which provided higher statistical efficiency
than extremely 2.5%/97.5™ or 10%/90%" percentiles, and
then more likely to detect significance results. Besides, it
would be possible that the protective influence of higher
FT4 might existed only among certain concentration
range. Former studies seldom provided full-scale classifi-
cation of FT4 and TSH as we did in our study. More stud-
ies might be needed to examine our results.

We observed a null association between the TSH con-
centration or status and GDM. This result was consist-
ent with those of three previous studies (two in the US
[16, 17], one in China [6]). However, three other studies
reported adverse influences of higher TSH concentra-
tions [13, 19, 22]. In a prospective study held in north-
ern China including 7258 subjects and 594 GDM cases,
TSH was positively associated with the GDM risk in
subjects with TSH concentrations <3.2 mIU/L, but not
in those with TSH concentrations >3.2 mIU/L[13]. Con-
versely, in a large retrospective study held in Shanghai,
China, higher TSH concentrations (top quartile,>1.96
mlIU/L vs. bottom quartile, 0-0.52 mIU/L) were associ-
ated with a lower risk of GDM (OR: 0.78, 95% CI: 0.69,
0.88) [20]. The differences in these studies’ designs and
the cutoff points used for the classification of TSH con-
centrations increased the level of heterogeneity and the
difficulty in comparing the results. Treatment with levo-
thyroxine (L-T4) to decrease the concentration of TSH
also led to inconsistent results [6, 12]. Thus, in a large
prospective cohort study in Finland, treatment with L-T4
attenuated but did not eliminate the risk of GDM [12].
However, treatment with L-T4 doubled the risk of GDM
in those with TSH concentrations of 2.5-4.8 mIU/L rela-
tive to the risk in those with TSH concentrations of 0.23—
2.5 mIU/L [6]. These data indicate that the relationships
between TSH concentrations and GDM are complex, and
further studies are required to achieve a definitive under-
standing. Moreover, L-T4 treatments should be used cau-
tiously, and other treatments must be identified.

The TPO Ab concentration is an important indicator of
the existence of thyroid autoimmune disease. A certain
TPO Ab concentration, which is defined in measurement
kits, is used to define TPO Ab-positivity. Several stud-
ies have found that TPO Ab positivity (vs. negativity) is
associated with a higher risk of GDM [14, 19, 26] and
that this risk may be further amplified by the co-existence
of SCH [24, 27]. In our study, 8.32% subjects were TPO
Ab-positive, which was comparable to the proportions in
previous studies [9, 30]. However, we did not observe a
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significant relationship between TPO Ab positivity (vs.
negativity) and GDM, which was consistent with the
findings of a prospective cohort study (1193 subjects) in
the US [17] and a retrospective study (27,513 subjects) in
Shanghai, China [20]. Our results, together with former
studies, emphasized that conflict results existed between
the association of TPO Ab positivity and GDM, and fur-
ther studies were needed for better illustrate the problem.

Although previous studies have found that clinical
hypothyroidism statuses (overt/sub-clinical/isolated) are
associated with an increased GDM risk [12, 24, 25], we
did not observe a significant relationship between the
thyroid disorder status (hyperthyroidism or hypothyroid-
ism vs. euthyroidism) and the GDM occurrence. This
result is consistent with a prospective cohort study of
1683 subjects in Anhui, China [14]. Our results may be
due to the fact that our study was performed in a city in
southern China that is close to the sea, and iodized salt
is commonly consumed due to the national salt iodiza-
tion program. Therefore, the sufficiency of iodine in our
study population might have prevented the adverse effect
of hypothyroidism due to iodine deficiency [31]. These
novel findings will enrich the literature, although more
research is required to reach definitive conclusions.

This study had several strengths. First, serum thyroid
indicators were measured before the diagnosis of GDM,
and the retrospective cohort design enabled us to be cer-
tain of the temporal sequence of events and avoid a causal
inversion. Second, by using multiple adjustment models,
we avoided confounding effects and were able to identify
the independent associations of each thyroid indicator
with GDM. Third, sensitivity analyses were performed to
remove the potential influence of TPO Ab-positivity, and
the results of TPO Ab-positive subjects were excluded.
Fourth, the use of the 2.5™" and/or 97.5" percentiles of
FT4 and TSH concentrations as thresholds for the defini-
tions of clinical thyroid-disease subtypes enabled a better
comparison or combination of our results with those of
other researchers.

However, several limitations of our study merit careful
consideration. First, the study was performed at a single
obstetric center. Although this was the largest center in
the city and covered a large population, future studies
that include multiple centers are needed. Second, only
three thyroid function indicators were measured, and we
were unable to obtain information about the FT3 con-
centrations. Therefore, although a previous study showed
that the influence of FT3 might be different to that of FT4
and demonstrated the potential clinical value of the FT3/
FT4 ratio, we were unable to carry out a further explo-
ration of this aspect. Third, we used retrospective data
drawn from medical records, which did not contain the
iodine concentrations in blood or urine. Therefore, we
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were unable to discern whether the associations between
thyroid function and the GDM risk might have been
mediated or influenced by the subjects’ nutritional iodine
status. Further research is needed to examine these areas.

Conclusions

In conclusions, this retrospective cohort study showed
that higher FT4 concentrations tertile was associated
with a lower risk of GDM in Chinese pregnant women.
No significant associations were observed between the
GDM status and the TSH concentrations, thyroid disor-
der status, and TPO Ab-positivity. Our results indicated
that instead of simply focusing extremely percentiles
or ill thyroid status, a relative lower FT4 concentration
(even in the normal range) should also received more
attention from the clinicians for the prevention of GDM.
More well-designed prospective studies based on differ-
ent populations are needed to examine and extend these
findings.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-022-00959-y.

Additional file 1: Table 1. Associations between tertile of thyroid indica-
tors and the risk of GDMin subjects with TPO Ab negativity. Table 2.
Associations between extremely 10"/90Mpercentile of thyroid indica-
tors and the risk of GDM. Table 3. Associations between extremely
2.5M/97 5"percentile thyroid indicators and the risk of GDM in subjects
with TPO Abnegativity. Table 4. Associations between extremely
10™/90™percentile thyroid indicators and the risk of GDM in subjects with
TPO Abnegativity.

Acknowledgements
Not applicable.

Authors’ contributions

GDC, LJW and ZPL. devised the idea and designed the study; G.D.C, X.Y.G,
TT.P PSL, ZX.Z DXL, D.ZF contributed to the primary data collection; G.D.C.
and T.T. P re-examined the data and analysis the data; G.D.C, and X.Y.G wrote
the original draft, which was revised by X.L.G, LJW and ZPL,; LJW.and ZPL.
supervised the study and administered the project. All authors have read and
approved the manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (No. 82103855, G.D.C.), Basic and Applied Basic Research Foundation

of Guangdong Province (No. 2019A1515110163, G.D.C.), the Foundation of
Bureau of Science and Technology of Foshan City (No. 1920001000294, G.D.C.),
and the Medical Science and Technology Foundation of Guangdong Province
(No. C2019090, X.L.G). The funding sponsors had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

Availability of data and materials

The data that support the findings of this study are available from the
Affiliated Foshan Maternity & Child Healthcare Hospital, Southern Medical
University, but restrictions apply to the availability of these data, which were
used under license for the current study, and so are not publicly available.
Data are however available from the authors upon reasonable request and

Page 8 of 9

with permission of Affiliated Foshan Maternity & Child Healthcare Hospital,
Southern Medical University.

Declarations

Ethics approval and consent to participate

Ethical approval was waived by the Ethics Committee of Affiliated Foshan
Maternity & Child Healthcare Hospital, Southern Medical University in view of
the retrospective nature of the study and all the procedures being performed
were part of the routine care. The Affiliated Foshan Maternity & Child Health-
care Hospital provided administrative permissions for the research team to
access and use the data included in this research. Data were extracted from
medical records, and the consent to participate was unavailable due to the
retrospective design of the study and difficulty in reconnection. Consent
waiver was obtained from the Ethics Committee of Affiliated Foshan Maternity
& Child Healthcare Hospital, Southern Medical University. The private informa-
tion was well protected. All the experiment protocols for involving human in
this study were conducted in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

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

Author details

'Foshan Institute of Fetal Medicine, Affiliated Foshan Maternity & Child
Healthcare Hospital, Southern Medical University, No.11 Renmin West Road,
Foshan 528000, Guangdong, China. “The Second School of Clinical Medicine,
Southern Medical University, Guangzhou 510515, Guangdong, China.
3Department of Medical Records, Child Healthcare Hospital, Southern Medical
University, Affiliated Foshan Maternity &, Foshan 528000, Guangdong, China.
“Department of Obstetrics, Changchen District, Child Healthcare Hospital,
Southern Medical University, Affiliated Foshan Maternity &o.11 Renmin West
Road, Foshan 528000, Guangdong, China.

Received: 26 September 2021 Accepted: 14 February 2022
Published online: 21 February 2022

References

1. Reece EA, Leguizamon G, Wiznitzer A. Gestational diabetes: the need for
a common ground. Lancet (London, England). 2009;373(9677):1789-97.
https://doi.org/10.1016/50140-6736(09)60515-8.

2. Catalano PM, Mclntyre HD, Cruickshank JK, McCance DR, Dyer AR,
Metzger BE, et al. The hyperglycemia and adverse pregnancy outcome
study: associations of GDM and obesity with pregnancy outcomes.
Diabetes Care. 2012;35(4):780-6. https://doi.org/10.2337/dc11-1790.

3. Bener A, Saleh NM, Al-Hamaq A. Prevalence of gestational diabetes and
associated maternal and neonatal complications in a fast-developing
community: global comparisons. Int J Womens Health. 2011;3:367-73.
https://doi.org/10.2147/ijwh.S26094.

4. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus
after gestational diabetes: a systematic review and meta-analysis. Lancet
(London, England). 2009;373(9677):1773-9. https://doi.org/10.1016/
S0140-6736(09)60731-5.

5. Gao G, Sun X, LuL, Liu F, Yuan J. Prevalence of gestational diabetes melli-
tus in mainland China: A systematic review and meta-analysis. J Diabetes
Investig. 2019;10(1):154-62. https://doi.org/10.1111/jdi.12854.

6. ZhangV,SunW, Zhu S, Huang Y, Huang Y, Gao Y, et al. The Impact of Thy-
roid Function and TPOADb in the First Trimester on Pregnancy Outcomes:
A Retrospective Study in Peking. J Clin Endocrinol Metab. 2020;105(3). doi:
https://doi.org/10.1210/clinem/dgz167.

7. JansenTA, Korevaar TIM, Mulder TA, White T, Muetzel RL, Peeters RP, et al.
Maternal thyroid function during pregnancy and child brain morphology:
a time window-specific analysis of a prospective cohort. Lancet Diabetes
Endocrinol. 2019;7(8):629-37. https://doi.org/10.1016/52213-8587(19)
30153-6.


https://doi.org/10.1186/s12902-022-00959-y
https://doi.org/10.1186/s12902-022-00959-y
https://doi.org/10.1016/s0140-6736(09)60515-8
https://doi.org/10.2337/dc11-1790
https://doi.org/10.2147/ijwh.S26094
https://doi.org/10.1016/S0140-6736(09)60731-5
https://doi.org/10.1016/S0140-6736(09)60731-5
https://doi.org/10.1111/jdi.12854
https://doi.org/10.1210/clinem/dgz167
https://doi.org/10.1016/s2213-8587(19)30153-6
https://doi.org/10.1016/s2213-8587(19)30153-6

Chen et al. BMC Endocrine Disorders (2022) 22:44

20.

21.

22.

23.

24.

Derakhshan A, Peeters RP, Taylor PN, Bliddal S, Carty DM, Meems M, et al.
Association of maternal thyroid function with birthweight: a systematic
review and individual-participant data meta-analysis. Lancet Diabetes
Endocrinol. 2020;8(6):501-10. https://doi.org/10.1016/52213-8587(20)
30061-9.

Korevaar TIM, Derakhshan A, Taylor PN, Meima M, Chen L, Bliddal S, et al.
Association of Thyroid Function Test Abnormalities and Thyroid Autoim-

munity With Preterm Birth: A Systematic Review and Meta-analysis. JAMA.

2019;322(7):632-41. https://doi.org/10.1001/jama.2019.10931.
Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al.
2017 Guidelines of the American Thyroid Association for the Diagnosis
and Management of Thyroid Disease During Pregnancy and the Postpar-
tum. Thyroid. 2017;27(3):315-89. https://doi.org/10.1089/thy.2016.0457.

. Biondi B, Kahaly GJ, Robertson RP. Thyroid Dysfunction and Diabetes Mel-

litus: Two Closely Associated Disorders. Endocr Rev. 2019;40(3):789-824.
https://doi.org/10.1210/er.2018-00163.

Turunen S, Vadrasmaki M, Mannistd T, Hartikainen AL, Lahesmaa-Korpinen
AM, Gissler M, et al. Pregnancy and Perinatal Outcome Among Hypothy-
roid Mothers: A Population-Based Cohort Study. Thyroid. 2019;29(1):135-
41, https//doi.org/10.1089/thy.2018.0311.

Leng J, Liw,Wang L, Zhang S, Liu H, Li W, et al. Higher thyroid-stimulating
hormone levels in the first trimester are associated with gestational dia-
betes in a Chinese population. Diabet Med. 2019;36(12):1679-85. https://
doi.org/10.1111/dme.14106.

Huang K, XuY,Yan S, Li T, XuY, Zhu P, et al. Isolated effect of maternal
thyroid-stimulating hormone, free thyroxine and antithyroid peroxidase
antibodies in early pregnancy on gestational diabetes mellitus: a birth
cohort study in China. Endocr J. 2019;66(3):223-31. https://doi.org/10.
1507/endocrj.EJ18-0340.

Barisi¢ T, Mandic V, Vasilj A, Tiric D. Higher levels of thyrotropin in preg-
nancy and adverse pregnancy outcomes. J Matern Fetal Neonatal Med.
2019;32(17):2883-8. https://doi.org/10.1080/14767058.2018.1451509.
Rawal S, Tsai MY, Hinkle SN, Zhu Y, Bao W, Lin Y, et al. A Longitudinal
Study of Thyroid Markers Across Pregnancy and the Risk of Gestational
Diabetes. J Clin Endocrinol Metab. 2018;103(7):2447-56. https://doi.org/
10.1210/jc.2017-02442.

Plowden TC, Schisterman EF, Sjaarda LA, Perkins NJ, Silver R, Radin R, et al.
Thyroid-stimulating hormone, anti-thyroid antibodies, and pregnancy
outcomes. Am J Obstet Gynecol. 2017,217(6):697-e1-.e7. https://doi.org/
10.1016/}.2j09.2017.09.001.

Furnica RM, Gruson D, Lazarus JH, Maiter D, Bernard P, Daumerie C. First
trimester isolated maternal hypothyroxinaemia: adverse maternal meta-
bolic profile and impact on the obstetrical outcome. Clin Endocrinol.
2017,86(4):576-83. https://doi.org/10.1111/cen.13301.

Ying H, Tang YP, Bao YR, Su XJ, Cai X, Li YH, et al. Maternal TSH level and
TPOAD status in early pregnancy and their relationship to the risk of
gestational diabetes mellitus. Endocrine. 2016;54(3):742-50. https://doi.
0rg/10.1007/512020-016-1022-6.

Yang S, Shi FT, Leung PC, Huang HF, Fan J. Low Thyroid Hormone in Early
Pregnancy Is Associated With an Increased Risk of Gestational Diabetes
Mellitus. Clin Endocrinol. 2016;101(11):4237-43. https://doi.org/10.1210/
jc.2016-1506.

Haddow JE, Craig WY, Neveux LM, Haddow HR, Palomaki GE, Lambert-
Messerlian G, et al. Implications of High Free Thyroxine (FT4) concentra-
tions in euthyroid pregnancies: the FaSTER trial. J Clin Endocrinol Metab.
2014;99(6):2038-44. https://doi.org/10.1210/jc.2014-1053.

Tudela CM, Casey BM, McIntire DD, Cunningham FG. Relationship of sub-
clinical thyroid disease to the incidence of gestational diabetes. Obstet
Gynecol. 2012;119(5):983-8. https://doi.org/10.1097/A0G.0b013e3182
50aeeb.

Ad Hoc Writing Committee for Guideline on Diagnosis and Management
of Thyroid Diseases during Pregnancy and Postpartum (2nd edition)
CSokE, Chinese Medical Association, Chinese Society of Perinatology,
Chinese Medical Association. Guideline on Diagnosis and Management
of Thyroid Diseases during Pregnancy and Postpartum (2nd edition). Chin
J Perinat Med. 2019;(8):505-39. https://doi.org/10.3760/cma.j.issn.1007-
9408.2019.08.001.

Jia M, WuY, Lin B, ShiY, Zhang Q, Lin Y, et al. Meta-analysis of the associa-
tion between maternal subclinical hypothyroidism and gestational
diabetes mellitus. Int J Gynaecol Obstet. 2019;144(3):239-47. https://doi.
0rg/10.1002/ijgo.12751.

Page 9 of 9

25. Mannistd T, Mendola P, Grewal J, Xie Y, Chen Z, Laughon SK. Thyroid
diseases and adverse pregnancy outcomes in a contemporary US cohort.
J Clin Endocrinol Metab. 2013;98(7):2725-33. https://doi.org/10.1210/jc.
2012-4233.

26. Ushijima J, Furukawa S, Sameshima H. The Presence of Thyroid Peroxidase
Antibody Is Associated with Lower Placental Weight in Maternal Thyroid
Dysfunction. Tohoku J Exp Med. 2019;249(3):231-6. https://doi.org/10.
1620/tjem.249.231.

27. Karakosta P, Alegakis D, Georgiou V, Roumeliotaki T, Fthenou E, Vassilaki
M, et al. Thyroid dysfunction and autoantibodies in early pregnancy are
associated with increased risk of gestational diabetes and adverse birth
outcomes. J Clin Endocrinol Metab. 2012;97(12):4464-72. https://doi.org/
10.1210/jc.2012-2540.

28. Walker JA, lllions EH, Huddleston JF, Smallridge RC. Racial comparisons
of thyroid function and autoimmunity during pregnancy and the post-
partum period. Obstet Gynecol. 2005;106(6):1365-71. https://doi.org/10.
1097/01.A0G.0000185475.61612.ea.

29. GuY,LiH, Bao X, Zhang Q Liu L, Meng G, et al. The Relationship Between
Thyroid Function and the Prevalence of Type 2 Diabetes Mellitus in
Euthyroid Subjects. J Clin Endocrinol Metab. 2017;102(2):434-42. https.//
doi.org/10.1210/jc.2016-2965.

30. Shan ZY,Chen YY, Teng WP, Yu XH, Li CY, Zhou WW, et al. A study for
maternal thyroid hormone deficiency during the first half of pregnancy in
China. Eur J Clin Invest. 2009;39(1):37-42. https://doi.org/10.1111/}.1365-
2362.2008.02055.x.

31. XiaoY,SunH, LiC, LiY, Peng S, Fan C, et al. Effect of lodine Nutrition on
Pregnancy Outcomes in an lodine-Sufficient Area in China. Biol Trace
Elem Res. 2018;182(2):231-7. https://doi.org/10.1007/s12011-017-1101-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/s2213-8587(20)30061-9
https://doi.org/10.1016/s2213-8587(20)30061-9
https://doi.org/10.1001/jama.2019.10931
https://doi.org/10.1089/thy.2016.0457
https://doi.org/10.1210/er.2018-00163
https://doi.org/10.1089/thy.2018.0311
https://doi.org/10.1111/dme.14106
https://doi.org/10.1111/dme.14106
https://doi.org/10.1507/endocrj.EJ18-0340
https://doi.org/10.1507/endocrj.EJ18-0340
https://doi.org/10.1080/14767058.2018.1451509
https://doi.org/10.1210/jc.2017-02442
https://doi.org/10.1210/jc.2017-02442
https://doi.org/10.1016/j.ajog.2017.09.001
https://doi.org/10.1016/j.ajog.2017.09.001
https://doi.org/10.1111/cen.13301
https://doi.org/10.1007/s12020-016-1022-6
https://doi.org/10.1007/s12020-016-1022-6
https://doi.org/10.1210/jc.2016-1506
https://doi.org/10.1210/jc.2016-1506
https://doi.org/10.1210/jc.2014-1053
https://doi.org/10.1097/AOG.0b013e318250aeeb
https://doi.org/10.1097/AOG.0b013e318250aeeb
https://doi.org/10.3760/cma.j.issn.1007-9408.2019.08.001
https://doi.org/10.3760/cma.j.issn.1007-9408.2019.08.001
https://doi.org/10.1002/ijgo.12751
https://doi.org/10.1002/ijgo.12751
https://doi.org/10.1210/jc.2012-4233
https://doi.org/10.1210/jc.2012-4233
https://doi.org/10.1620/tjem.249.231
https://doi.org/10.1620/tjem.249.231
https://doi.org/10.1210/jc.2012-2540
https://doi.org/10.1210/jc.2012-2540
https://doi.org/10.1097/01.AOG.0000185475.61612.ea
https://doi.org/10.1097/01.AOG.0000185475.61612.ea
https://doi.org/10.1210/jc.2016-2965
https://doi.org/10.1210/jc.2016-2965
https://doi.org/10.1111/j.1365-2362.2008.02055.x
https://doi.org/10.1111/j.1365-2362.2008.02055.x
https://doi.org/10.1007/s12011-017-1101-4

	Associations between thyroid function and gestational diabetes mellitus in Chinese pregnant women: a retrospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Material and methods
	Subjects
	Thyroid function
	GDM
	Statistical methods

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


