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Abstract

Maternal hypothyroidism is closely associated with adverse maternal and foetal outcomes. This study
aims to analyse the associations between the clinical classification of hypothyroidism and maternal and
foetal outcomes, and evaluate the effects of levothyroxine (LT4) supplemental replacement treatment on
maternal and foetal outcomes in pregnant women with subclinical hypothyroidism (SCH) or overt
hypothyroidism (OH). Totally, 264 pregnant women were enrolled in this study. They were categorized
into three groups: euthyroid, SCH and OH group. Our results showed that pregnant women with SCH
had a higher free T4 (FT4) and thyroid-stimulating hormone (TSH) levels, while pregnant women with
OH had a lower FT4 levels and a higher TSH levels. The rate of premature delivery in euthyroid women
was 9.95% (24/241), and in SCH women was 33.3% (3/9), and in OH women was 21.4% (3/14),
respectively. Among SCH women, one woman received LT4 treatment during the pregnancy, and had no
premature delivery; while in the non-treated SCH women, 3 out of 8 women had premature delivery.
More importantly, among OH women, 11 women received LT4 treatment during the pregnancy, and
none of these treated-women had premature delivery; while 3 non-treated pregnant women with OH all
had premature delivery. Our data suggested that the therapeutic effect of substitutive treatment with
LT4 was significantly associated with different clinical classifications of hypothyroidism in pregnancy

and the treatment should begin as soon as possible after diagnosis.
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Introduction

Hypothyroidism accounts for approximately 3.5% of
pregnancies, and it can be classified into subclinical
hypothyroidism (SCH: a thyroid-stimulating hormone (TSH)
concentration exceeding the trimester-specific reference value
in combination with a normal free T4 (FT4) concentration) and
overt hypothyroidism (OH: a TSH concentration exceeding the
trimester-specific reference value in combination with a
decreased FT4 concentration) [1]. Hashimoto’s thyroiditis and
iodine deficiency are the main causes of hypothyroidism,
which reduces thyroid hormone Ilevels [2,3]. Both
hypothyroidism and thyroid autoimmunity have been found to
be correlated with infertility [4].

However, in the case of SCH, adverse effects either in
pregnancy or the offspring have not been found and the impact
of treatment is controversial [5-7]. On the other hand, OH in
pregnancy has been suggested to have adverse impacts on
placental abruption, miscarriage, prematurity, gestational
hypertension, skin developmental damage, and intellectual
impairment in the offspring [8-11].
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According to the guideline for SCH and OH put forward by the
American Thyroid Association (ATA), SCH and OH have been
proposed to be associated with adverse maternal and foetal
outcomes [12], but no consensus has been reached about the
need for universal thyroid function screening and particularly
for the treatment of SCH during pregnancy. However, several
studies have shown that levothyroxine (LT4) therapy in women
with SCH or OH has been shown to improve the outcome of
pregnancies [13,14], and LT4 has been suggested an optional
treatment for OH, and this treatment has been shown to prevent
obstetrical complications effectively [12,15]. Therefore, when
SCH or OH is diagnosed during pregnancy, LT4 treatment has
been recommended because of its potential benefits [12].

However, the difference with regard to the classification of
SCH and OH with LT4 supplemental treatment is largely
unknown, and in China, the recognition and treatment of
thyroid disorder in pregnant women is also insufficient and few
studies have examined the possible effects of SCH and OH on
maternal outcomes as well as the beneficial effects of LT4
treatment. Therefore, the present study aimed to analyse the
association between several clinical factors, especially the
clinical classification of hypothyroidism, and the effects of LT,
treatment for pregnancy.
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Materials and Methods

Ethics statements

This retrospective study was conducted at the Zhongda
Hospital, and the study protocol was approved by the hospital's
review board. The privacy of all subjects was guaranteed.

Study population

Between January 2014 and May 2014, data of 264 pregnant
women were used in this retrospective study. All subjects were
screened and gave birth at the hospital, and had resided in the
local area for at least 4 years. Women with the following
conditions were excluded: previous use of thyroxin or anti-
thyroid drugs, other autoimmune disease, congenital heart
disease, and elevated serum transaminase or creatinine level.
Thyroid function was tested in the second trimester.
Information about the following demographic and clinical
characteristics was  collected through questionnaires
administered during examination: demographic characteristics
(e.g., age, address, occupation, educational level, income),
medical history (menstrual history, childbearing history, other
diseases, medication use), health behaviour (smoking and
exposure to husbands’ smoking, alcohol consumption), general
physical parameters (body weight, blood pressure,
cardiopulmonary function, oedema), obstetric parameters
(fundal height, abdominal girth, foetal heart sound, pelvic
examination when necessary), and laboratory assessments
(screening for gestational diabetes mellitus, human
immunodeficiency virus, syphilis, routine blood and urinary
tests, hepatic and renal functions, blood type,
electrocardiography, electronic foetal monitoring). All data
were kept in a computerized database.

Laboratory assays and diagnosis of SCH and OH

TSH and FT4 concentrations were measured by
electrochemiluminescence immunoassay (Cobas; Roche) and
associated diagnostic kits. Inter- and intra-assay coefficients of
variation for each hormone were 10%. The assessment of
thyroid function was based on the following local trimester-
specific reference values (2.5th-97.5th percentiles): second
trimester, TSH 0.27-4.2 mIU/L and FT, 0.93-1.70 ng/dL.
Maternal thyroperoxidase antibody (TPOAbs) was measured
using immunoassay (Cobas; Roche).

SCH was defined as a TSH concentration exceeding the
trimester-specific reference value in combination with a normal
FT4 concentration. OH was defined as a TSH concentration
exceeding the trimester-specific reference value in combination
with a decreased FT, concentration. Pregnant women with
normal TSH and FT4 levels were considered to be euthyroid
and served as control subjects. Some women with SCH or OH
were treated with LT4. For LT4 treatment, the initial dose of
LT4 was 50 pg and the LT4 dose was considered to be
adequate when serum TSH was 3.0 mIU/L during the
remaining time of pregnancy. The subsequent testing results
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were absent in the patients achieving serum 3.0 mIU/L for the
censor of these patients in the follow-up.

Definition of maternal and foetal outcomes

All participants underwent monthly antenatal examinations
during gestation and delivery until they were discharged from
the hospital. Maternal and perinatal outcomes based on specific
guidelines were recorded during this period.

Premature delivery was defined as the delivery before the end
of 37th week of gestational age. Apgar score was determined
by evaluating the new-born on five simple criteria on a scale
from zero to two and summing up the five values.

The resulting Apgar score ranges from zero to ten. The five
criteria are appearance, pulse, grimace, activity, and
respiration.

Statistical analysis

All data are expressed as means + standard deviations or
numbers and percentages. Statistical analysis was performed
using the SPSS 16.0 software. Student’s t-test or One-way
ANOVA was used to compare continuous variables (body
weight, TSH and FT,4 concentrations) and the chi-squared test
was used to compare categorical measures (maternal and
perinatal outcomes). Univariate and multivariate logistic
regression models were built to model the relationship between
outcomes and one or more independent variables, respectively.
P<0.05 was considered to be statistically significant.

Results

Descriptive statistics of study population

The study population consisted of 264 women of whom 12.5%
(33/264) had a premature delivery (<37 weeks of gestation).
The mean FT, and TSH levels were 0.92 + 0.12 ng/dL and 2.50
+ 1.43 mlU/L, respectively, and all the other descriptive
statistics were shown in Table 1. The prevalence of TPOADb
positivity was 6.0% (16/264), among the TPOADb pregnant
women, 2 women had premature delivery.

FT4 and TSH levels in normal, SCH, and OH
pregnant women

The study population of 264 women was divided into three
groups according to the Endocrine Society and American
Thyroid Association guidelines.

Results from Figurel showed that the FT,4 levels in SCH group
were significantly higher than that in normal group, and the
FT4 levels in OH group were significantly lower than that in
normal group (Figure 1A); the TSH levels from SCH and OH
group were both significantly higher than that in control group
(Figure 1B).
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Figure 1. FT, and TSH levels in normal, SCH, and OH pregnant
women. (4) Levels of FT,; were compared among Normal, SCH, and
OH pregnant women. (B) Levels of TSH were compared among
Normal, SCH, and OH pregnant women. SCH, subclinical
hypothyroidism; OH, overt hypothyroidism. Significant differences

among groups were indicated as "P<0.05, “P<0.001 (One-Way

ANOVA followed by Bonferroni's multiple comparison test).

SCH, OH, and the risk of premature delivery

As shown in Table 2, the rate of premature delivery in
euthyroid women was 9.95% (24/241), and in SCH women
was 33.3% (3/9), and in OH women was 21.4% (3/14),
respectively (Table 2), and in OH women group, there are 11
women received LT4 treatment.

The other characteristics including body weight of women
before and after pregnancy, body weight of new-borns, and the
Apgar score of new-borns among euthyroid, SCH, and OH
group were not significantly different among groups (Table 2).

The effect of LT4 treatment on the premature delivery
in SCH women

Among SCH women, 1 woman who received LT4 treatment
during the pregnancy did not have premature delivery; while in
the non-treated SCH women, the rate of premature delivery
was 37.5%, and was not significantly different from LT4-
treated groups (Table 3).

There were also no significant differences in body weight of
women before and after pregnancy, body weight of new-born,
and the Apgar score of new-born’s among groups (Table 3).

The effect of LT4 treatment on the premature delivery
in OH women

Among OH women, 11 women received LT4 treatment during
the pregnancy, and none of these-treated women had premature
delivery; while in the non-treated OH women, the rate of
premature delivery was 100% (3/3), and LT4 treatment
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significantly reduced the premature delivery in OH women
(Table 4).

There were no significant differences in body weight of
women before and after pregnancy, body weight of new-borns,
and the Apgar score of new-borns among groups (Table 4).

In order to evaluate the confounding factors in our findings, we
further performed wunivariate and multivariate logistic
regression analysis, and the results in Table 5 showed that only
LT4 treatment retained its significance (p value less than 0.05)
in both univariate and multivariate models.

Table 1. Descriptive statistics of 264 women.

Characteristic Value
Before Pregnancy BW (kg) 559+8.3
After Pregnancy BW (kg) 71.7+95
FT4 (ng/dL) 0.92+0.12
TSH (mIU/L) 2.50 +1.43
Preterm rate 35/260
Infant BW (kg) 3.46 £ 0.49
Apgar core 99+0.5

Descriptive statistics are for the study population of women without twin
pregnancies, pre-existing thyroid disease, or fertility treatment. BW, body
weight.

Table 2. SCH, OH and the risk of premature delivery.

Before After Rate of InfantBW (kg)  Apgar Score

Pregnanc Pregnanc prematur

y BW (kg) yBW (kg) e delivery
Euthyroid 56.1+8.6 71.7+9.9 24/241 3.46 £ 0.44 9.9+0.5
SCH 53.3+8.0 694+9.0 9-Mar 3.47 £0.53 9.9+0.5
OH 56.6+7.5 73.0+87 14-Mar 3.42+0.58 9.9+0.3

Abbreviations: BW: Body Weight; SCH: Subclinical Hypothyroidism; OH: Overt
Hypothyroidism.

Table 3. The effect of LT4 treatment on the premature delivery in SCH
women.

Before After Rate of
Pregnanc Pregnanc prematur Infant BW (kg) Apgar Score
y BW (kg) yBW (kg) e delivery
Control 556+6.4 73.0+8.5 8-Mar 3.48+0.54 9.8+0.61
LT4 53.0+8.0 69.1+8.9 0/1 3.67 +0.60 10.0+0

Abbreviations: BW: Body Weight; SCH: Subclinical Hypothyroidism; OH: Overt
Hypothyroidism.

Table 4. The effect of LT4 treatment on the premature delivery in OH
women.

Before After Rate of Infant BW (kg) Apgar core
Pregnancy BW Pregnancy prematur
(kg) BW (kg)
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delivery
Contro 55.6 +6.4 73.0+85 3-Mar 3.44 £ 0.61 9.91+£0.35
|
LT4 59.7 £ 10.3 721+10.2 0/11* 3.41+0.46 10.0+0

Abbreviations: BW: Body Weight; SCH: Subclinical Hypothyroidism; OH: Overt
Hypothyroidism.

Table 5. Logistic regression models of premature delivery in pregnant
women treated for OH.

Univariate models Multivariate models

Parameters OR 95% CI pvalue OR 95% Cl p value
Before Pregnancy 1.8 1.1-9.6 0.171 - - -

BW

After Pregnancy BW 0.1 0.21-0.9 0.121 - - -

Age 1.3 1.2-141 0.921 - - -

Infant BW 43 3.2-16.2 0.92 - - -
Apgar Score 0.4 0.01-0.72 0.12 - - -

LT4 treatment 9.2 4.0-115 0.022 9.2 4.0-11.8 0.018

Abbreviations: Bw: Body Weight; Cl: Confidence Interval; OH: Overt
Hypothyroidism; OR: Odds Ratio.

Discussion

In the present study, we performed a hospital-based
observational study and focus our analysis on the association
between hypothyroidism and maternal and foetal outcomes in
264 pregnant women, and our results showed that compared to
pregnant women with euthyroid, pregnant women with SCH
had a higher FT4 and TSH levels, while pregnant women with
OH had a lower FTy levels with a higher TSH levels. In our
study, pregnant women with OH had a higher rate of premature
delivery than women with euthyroid; while pregnant women
with SCH were not associated with adverse maternal and foetal
outcomes. More importantly, the LT4 treatment in pregnant
women with OH reduced the rate of premature delivery.

Pregnancy has pronounced effects on thyroid physiology
[16,17]. During pregnancy, thyroxin-binding globulin was
elevated, which caused an increase in total concentrations of
trilodothyronine and thyroxine, major hormones secreted by
the thyroid. Human chorionic gonadotropin (HCG) was found
to be elevated during the first trimester, and it is a weak thyroid
activator, which causes a slight decrease in the serum TSH
concentration [18,19]. Therefore, the serum TSH concentration
is low in the first trimester, and then increases significantly in
the second and third trimesters; on the other hand, the FTy
level typically increases during the period of peak HCG level
in the first trimester, and decreases after the first trimester [20].

It is important for us to use of gestational-age-specific
threshold values in order to have accurate diagnosis of thyroid
disorders; and trimester-specific reference values for thyroid
function have been established for the population using women
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with normal singleton pregnancies [21]. In our study, we
classified the pregnant women into euthyroid, SCH and OH
based on the FTy4 levels and TSH levels recorded from the
second trimester. In our study, the incidence of SCH among
pregnant women in our study was 33.3%, which is higher than
previously reported values (2-5%) [22], and this inconsistency
may be explained by the small population of pregnant women
enrolled in our study. SCH has been suggested to be associated
with an increased risk of adverse pregnancy complications.

However, in comparison to OH, data regarding SCH are
variable. For instance, Negro et al. reported a significantly
higher miscarriage rate in TPOAb- women with TSH levels
between 2.5 and 5.0 mIU/ L compared with those with TSH
levels below 2.5 mIU/L [23]. However, Cleary-Goldma et al.
reported no adverse effect from subclinical maternal
hypothyroidism in a cohort of 10,990 pregnant women [5]. In
our study, SCH in pregnant women was not associated with
adverse maternal and foetal outcomes, but we have to be
cautious that the small number of SCH women in our study
may not be sufficient for us to draw such conclusion.

OH in pregnancy has been shown to be associated with an
increased risk of adverse pregnancy complications, and these
risks included premature birth, low birth weight, and
miscarriage [12]. Allan and colleagues reported an increased
risk of foetal death among pregnant women with OH [24], and
Abalovich et al. demonstrated OH patients carry an estimated
60% risk of foetal loss [8]. Consistently, our study further
demonstrated that OH patients had a higher rate of premature
delivery.

Furthermore, we also found that women with OH received LT4
treatment had a lower rate of premature delivery compared that
with OH received no treatment, which were consistent with
previous studies demonstrating the benefits of LT4 treatment in
pregnant women with SCH or OH [13,15,25-28]. Studies also
proposed that thyroid diseases have been associated with
pulmonary hypertension, and hypothyroidism can impair the
vascular relaxation process mediated by adenosine [29]. Taddei
et al. also observed a reduction in the availability of the nitric
oxide in SCH, which can be partially restored by LT4 treatment
[30].

Moreover, in our study, only one SCH women from our study
received LT4 treatment, and the treated SCH women had no
premature delivery. Future studies may recruit more pregnant
women with SCH received LT4 treatment to confirm that effect
of LT4 treatment on maternal and foetal outcomes.

In conclusion, our findings demonstrated that pregnancy with
different clinical classifications of hypothyroidism is correlated
with the rate of premature delivery. In pregnant women with
newly diagnosed OH, it is strongly recommended to begin
substitutive treatment with LT4 as soon as possible. The
present provided support for improved LT4 supplemental
replacement treatment for pregnancy in the future and the
effects of LT4 treatment on maternal and foetal outcomes in
SCH women may require further investigation.
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