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Antenatal Thyroid Function Does Not Increase
Risk of Gestational Diabetes Mellitus in a
Multi-Ethnic Pregnancy Cohort
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Background and Objectives: Subclinical hypothyroidism in pregnancy has been inconsistently associated with
an increased risk of developing gestational diabetes mellitus (GDM). Materials and Methods: We refrospectively
examined whether an anfenatal thyroid stimulating hormone (TSH) level >2.5 miU/L was associated with
increased risk of GDM in 1147 pregnant women residing in a multi-ethnic suburban area of Sydney, Australia.
Results: Despite a high prevalence of GDM and hypothyroidism in our study, women with antenatal TSH
concentrations >2.5 mlU/L were not at increased risk for development of gestational diabetes. Traditional risk
factors for GDM, such as maternal body mass index, ethnicity, previous GDM pregnancy and family history
of type 2 diabetes were significant predictors of incident GDM on multivariable analyses. Conclusion: Mild
elevations in antenatal TSH concentration did not significantly increase risk of incident GDM compared fo

healthy euthyroid women.
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Introduction

Thyroid disorders occur in 3-5% of pregnancies, al-
though some reports estimate the combined preva-
lence of overt and subclinical hypothyroidism could be
as high as 15%." Hypothyroidism in pregnancy is clin-
ically significant and has been associated with a range
of adverse obstetric and fetal health outcomes includ-
ing pregnancy loss, premature labour and impaired
neurocognitive development of the newborn.>¥ The
incidence of gestational diabetes mellitus (GDM) may
also increase in the setting of reduced thyroid func-
tion, although published data are inconsistent with

some reporting a significant association and others
finding no apparent relationship.A_“) Given the strong
association of increased pregnancy-related and peri-
natal morbidity, the role of universal screening for dia-
betes in pregnancy is well established. However, the
efficacy of routine screening for thyroid dysfunction
remains controversial and is not currently recom-
mended. Predictive value of thyroid function in identi-
fying women at increased risk of GDM would add
merit to the argument for universal screening of thy-
roid function during pregnancy.
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Materials and Methods

We retrospectively studied outcomes in consecutive
singleton pregnancies managed via a hospital ante-
natal clinic and delivered in a single centre between
January 1, 2016 and December 31, 2016. The primary
study aim was to investigate whether subclinical hy-
pothyroidism in pregnancy increased the risk of devel-
oping GDM independent of other known risk factors.
Thyroid screening was performed at the discretion of
the referring general practitioner prior to referral to the
antenatal care clinic. Women with a first trimester
thyroid stimulating hormone (TSH) level greater than
2.5 mIU/L were considered to have subclinical hypo-
thyroidism and were treated with levothyroxine as per
the 2011 American Thyroid Association guidelines in
use at that time under the supervision of an
endocrinologist.”
mester TSH was measured at 4-6 weeks gestation,
however TSH values recorded up to 13 weeks ges-
tation were considered adequate for assessment of
first trimester thyroid function. Thyroid function tests

For the majority of women, first tri-

were repeated at the beginning of each trimester to
ensure a TSH of less than 2.5 mIU/L in the first tri-
mester, and less than 3.0 mIU/L thereafter. Thyroid
hormone levels and thyroid peroxidase (TPO) autoanti-
body titres were not routinely measured in our cohort.
All women underwent screening for GDM via a
75-gram oral glucose tolerance test between 24-28
weeks gestation. All women diagnosed with GDM
were routinely reviewed at diagnosis by a credentialed
dietician and given directed dietary advice concentrat-
ing on carbohydrate estimation and portioning.
Additional visits were discretionary and based on en-
docrinologist or diabetes educator assessed clinical
need. Women without GDM were not reviewed by a
dietician.

Data are expressed as meanz*standard deviation
(SD) or as a frequency and percentage for categorical
variables. Baseline characteristics were compared us-
ing independent samples t-test for numeric outcome
variables and Pearson’s chi-square test for categorical
outcome variables. Logistic regression analyses were
performed to calculate odds ratios and 95% con-
fidence intervals estimating the likelihood of develop-

Table 1. Baseline characteristics of the study population by antenatal TSH concentration

TSH
Parameter
>2.5 mIU/L (n=183) <2.5 mIU/L (n=964)

Current GDM n (%) 4 (29.5) 266 (27.6)
75-gram OGTT (mmol/L) mean (SD)

Fasting 45 (0.5 45 (0.6)

1-hour 8.0 (2.0) 7.9 (2.0)

2-hour 6.5 (1.6) 6.4 (1.7)
Age (year) mean (SD) 29.8 (4.9) 30.3 (56.1)
Ethnicity n (%)

Caucasian 18 (9.8) 146 (15.1)

Asian 29 (15.8) 223 (23.1)

Indian subcontinent 101 (55.2) 299 (31.0)

Middle Eastern 30 (16.4) 227 (23.5)

Other 5 (2.7) 69 (7.2)
Antenatal BMI (kg/m? mean (SD) 246 (4.7) 25.2 (5.2)
Nulliparous n (%) 53 (29.0) 282 (29.3)
Smoking during pregnancy n (%) 3 (1.6) 40 (4.1)
Previous GDM n (%) 24 (13.1) 94 (9.8)
Family history of T2DM n (%) 79 (43.2) 338 (35.1)
TSH (mIU/L) median (IQR) 3.3 (2.8-4.2) 1.2 (0.8-1.7)
25-hydroxyvitamin D (nmol/L) mean (SD) 46 (20) 47 (22)

GDM: gestational diabetes mellitus, IQR: interquartile range, OGTT: oral glucose tolerance test, SD: standard deviation,
T2DM: type 2 diabetes mellitus, TSH: thyroid stimulating hormone
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ing GDM. Antenatal thyroid function categorised as
TSH above or below 2.5 mIU/L was the key variable
of interest, and as such was included a priori in all
analyses. All statistical tests were 2-tailed with the
significance level set at p=0.05. Statistical analyses
were conducted using SAS version 9.3 (SAS Institute
Inc.). Ethics approval was granted by the Sydney Local
Health District human research and ethics committee
(LNR/17/RPAH/382).

Results

In total, 1147 singleton pregnancies underwent
screening for GDM and thyroid dysfunction and deliv-
ered in hospital over the 1-year study period. Mean
age was 30.4 (+5.0) years and 29.2% of women were
nulliparous. Subclinical hypothyroidism in pregnancy
(TSH >2.56 mlU/L) was present in 183 (15.9%) sub-
jects with a median TSH value of 3.3 mlU/L
(interquartile range, 2.8-4.2). Baseline demographic
characteristics of participants by antenatal thyroid sta-
tus are presented in Table 1. The study cohort was
multi-ethnic, with over one third of participants origi-
nating from the Indian subcontinent and approximately
one fifth from the Middle East and North Africa. Three
hundred twenty women (27.9%) developed GDM over
the study period. Treatment consisted of insulin for
164 women (51.1%), with the remainder managed us-
ing diet and lifestyle modification. Metformin was pre-
scribed as part of GDM treatment in 42 women
(13.2%), predominately as co-therapy with insulin.

In univariate analyses, significant associations with
GDM were observed for patient age, ethnicity, body
mass index (BMI), vitamin D level, past GDM, and
family history of type 2 diabetes mellitus (T2DM).
Multivariate analysis of risk factors for developing
GDM are presented in Table 2. We found no associa-
tion between antenatal TSH values >2.5 mlU/L and
subsequent risk of developing GDM compared to eu-
thyroid controls. Ethnicity remained a strong predictor
of GDM, with women from an Indian background at
over 4-fold increased risk relative to their Caucasian
counterparts. Asian ethnicity also conferred increased
risk. Obesity significantly increased risk, particularly
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when antenatal BMI| was greater than 35 kg/m2 al-
though there was a stepwise increase in risk with pro—
gressive increase in body mass indices above 20
kg/mz. Other significant predictors of GDM on multi-
variate testing included past history of GDM and family
history of type 2 diabetes mellitus in a first degree
relative. Age did not significantly influence GDM risk,
although there was a trend towards increased risk in
women over age 3b years.

Following the 2017 update of the American Thyroid
Association guidelines, the TSH threshold for treat-
ment of hypothyroidism in pregnancy was modified to
>2.5 mlU/L in TPO antibody positive women and >4.0

Table 2. Antenatal factors and their association with risk
of gestational diabetes mellitus in a pregnancy cohort

Parameter OR (95% ClI) p-value
Age (year) 0.073
<25 1.00
25-30 1.28 (0.76-2.16)
31-35 1.60 (0.95-2.70)
>35 2.00 (1.12-3.56)
Ethnicity <0.001
Caucasian 1.00
Asian 3.32 (1.78-6.19)
Indian subcontinent 4.46 (2.46-8.08)
Middle Eastern 1.40 (0.75-2.61)
Other 0.84 (0.27-2.52)
Antenatal BMI (kg/m?) <0.001
<20.0 1.00
20.1-25.0 1.32 (0.78-2.22)
25.1-30.0 2.62 (1.50-4.57)
30.1-35.0 3.34 (1.69-6.60)
>35.0 5.22 (2.29-11.9)
Previous GDM <0.001
No 1.00
Yes 4.17 (2.59-6.73)
Family history of T2DM 0.026
No 1.00
Yes 1.45 (1.05-2.01)
TSH (> 2.5 mIU/L) 0.684
No 1.00
Yes 0.75 (0.48-1.16)
25-hydroxyvitamin D 0.192
(nmol/L)
>60 1.00
30-60 1.02 (0.63-1.65)
<30 1.16 (0.78-1.74)

BMI: body mass index, Cl: confidence interval, GDM:
gestational diabetes mellitus, OR: odds ratio, T2DM: type
2 diabetes mellitus, TSH: thyroid stimulating hormone
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mlU/L in TPO antibody negative women."? Unfortunately,
we did not measure TPO-antibody titres, and could
not further stratify based on TPO positivity. In our co-
hort, 51 women (4.4%) had antenatal TSH values >4.0
mlU/L. An exploratory analysis using the higher TSH
cut-off of 4.0 mIU/L also failed to predict onset of
gestational diabetes mellitus.

Discussion

We present a retrospective analysis of subclinical
hypothyroidism in a pregnancy cohort and its effect on
the development of GDM during that same pregnancy.
In our cohort of 1147 patients, we failed to show a
significant relationship despite a high prevalence of
gestational diabetes (27.9%) and hypothyroidism as
defined by TSH >2.5 mIU/L (15.9%). Although thyroid
function was not predictive of GDM onset, traditional
risk factors such as ethnicity, pre—pregnancy BMI, past
GDM and family history of T2DM significantly in-
creased risk for development of GDM in the current
pregnancy.

Normal pregnancy results in significant changes to
thyroid hormone production and metabolism. Thyroid
hormones have important effects on glucose homeo-
stasis including regulation of hepatic gluconeogenesis,
intestinal glucose uptake and peripheral glucose
utilisation.'? They may also influence glucose levels
via modulatory effects on circulating insulin and coun-
ter-regulatory hormones.' Despite biological plausi-
bility, it remains unclear as to whether there is a sig-
nificant effect of mild hypothyroidism on glucose me-
tabolism in the setting of pregnancy. To date, several
studies have shown an increase in the prevalence of
GDM associated with mild elevations in antenatal TSH
481677 Where measured, the effect ap-
pears to be accentuated by the presence of a TPO an-
tibody, with these women at 2-4 times increased risk
of GDM compared to those with subclinical hypo-
thyroidism and negative TPO antibodies.*"’

multiple other studies have failed to show a significant
M 6-11,18,19)

concentation.

" However,
relationship between antenatal TSH and GD
Therefore, at present it remains unclear whether TSH

elevations in early pregnancy are associated with in-
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creased risk of GDM.

In the non—pregnant state, TSH is a reliable indicator
of thyroid function, but in pregnancy maternal hCG ac-
tivates the TSH receptor and TSH levels below the
lower reference interval may be observed in up to 15%
of healthy women." As such, the association of other
indicators of thyroid function on risk of GDM have
been studied, including isolated hypothyroxinaemia,
FT3 concentration and elevated FT3:FT4 ratio.""'®'
Conflicting data also exist for each of these markers,
and as with TSH their predictive value for estimating
risk of GDM remains questionzj]ble.4'8>

Different to our study, the published literature has
predominately examined small sample populations or
Caucasian and Hispanic women with relatively low in-
cidence rates of gestational diabetes and thyroid
dysfunction. Our data examined the association of TSH
and GDM in an ethnically diverse population with a
high prevalence of gestational diabetes, increasing
generalisability of the findings. Strengths of our ob-
servational study include the large cohort size and in-
clusion of women from multiple ethnic backgrounds.
Prevalence and absolute incidence rates of subclinical
hypothyroidism and GDM were substantially higher in
our cohort relative to those of other studies examining
the thyroid-GDM relationship. Limitations of our study
relate to its retrospective design. In our study, women
with a TSH value of >2.5 mIU/L received treatment
with thyroxine to maintain TSH <2.5 mIU/L in the first
trimester, and <3.0 mIU/L thereafter. It is possible
that early identification and treatment of mild hypo-
thyroidism in pregnancy may have negated any ad-
verse effect low thyroid function may have on risk for
gestational diabetes. Finally, serum thyroxine concen-
trations and TPO-antibody titres were not measured,
and as such the relationship between GDM and hypo-
thyroxinaemia or thyroid autoimmunity could not be
explored. As stated previously, the TSH threshold for
treatment was changed to >4.0 mlU/L in 2017
American Thyroid Association guidelines.m We at-
tempted to control for this through exploratory analy-
ses of women with TSH concentrations >4.0 mlIU/L
and of women with hypothyroidism predating the cur-
rent pregnancy (on assumption they would be more



likely to have positive TPO-antibodies). Neither analy-
sis significantly influenced study results.

In conclusion, our results failed to show a significant
relationship between modest elevations in serum TSH
concentration and risk for development of GDM. These
data are in keeping with the majority of published
studies in this area, but large prospective studies are
required to verify these findings which would have
significant implications for the role of thyroid screening
in pregnancy.
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