L))

Gheck for
updates

Original Article

Systematic review and meta-analysis of the efficacy and
pregnancy outcomes of levothyroxine sodium tablet administration
in pregnant women complicated with hypothyroidism

Xuna Geng, Yu Chen, Weijing Wang, Jing Ma, Wei Wu, Na Li, Congxin Sun

Ultrasound Department, Shijiazhuang Fourth Hospital, Shijiazhuang, China

Contributions: (I) Conception and design: X Geng, Y Chen, C Sun; (II) Administrative support: W Wang; (III) Provision of study materials or
patients: X Geng, ] Ma, W Wy, C Sun, N Li; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: X Geng, W
Wang, Y Chen; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Congxin Sun. Ultrasound Department, Shijiazhuang Fourth Hospital, No.16, Tan Gubei Street, Shijiazhuang, China.

Email: sex1916@126.com.

Background: In recent years, the detection rate of pregnancy complicated with hypothyroidism [subclinical
hypothyroidism (SCH) during pregnancy] has increased significantly. Levothyroxine sodium tablet is the
main drug for the treatment of SCH during pregnancy, but its effect on the treatment of SCH during
pregnancy and the effect of pregnancy outcome are still controversial.

Methods: PubMed, Web of Science, Medline, and Embase databases were screened to retrieve clinical
studies on levothyroxine sodium tablets in the treatment of pregnancy complicated with hypothyroidism
from the date of establishment to June 2021. Meta-analysis was performed with RevMan5.3 software. The
differences in the incidence of preterm birth, miscarriage, gestational hypertension, postpartum hemorrhage,
placental abruption, and abnormal neonatal weight were compared between the observation group and the
control group. Heterogeneity of results was assessed with chi-square test and I’ in RevMan5.3 software.
Results: Nine articles with a total of 2,873 pregnant women were included. The Cochrane assessments
were all grade B and above, and the Jadad scale scores were all >3 points. The incidences of preterm birth,
abortion, postpartum hemorrhage, and low birth weight infants in the pregnant women treated with
levothyroxine sodium were lower than those in the control group [odds ratio (OR) =0.42, 0.34, 0.40, and 0.08,
respectively; 95% confidence interval (CI): 0.30-0.58, 0.23-0.52, 0.22-0.74, and 0.01-0.51, respectively;
7=5.23,5.08,2.97, and 2.70, respectively; P<0.00001, <0.00001, =0.003, and =0.007, respectively].
Discussion: Levothyroxine sodium in the treatment of SCH can significantly reduce the incidence of
premature birth, miscarriage, postpartum hemorrhage, and low birth weight infants. Due to the limited

number of included studies, it remained to be further verified whether levothyroxine sodium treatment in

SCH patients would affect the incidence of gestational hypertension.
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Introduction thyroid volume, increased secretion of thyroid hormones,

and elevated thyroid blood flow (1). When the body cannot
To satisfy the physical demands of pregnancy, certain adapt to this change, hypothyroidism may develop (2-4).
changes occur to the mother’s thyroid, including increased According to statistics, the incidence of subclinical
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hypothyroidism (SCH) is about 2-3%, and it is increasing
year by year (5). The occurrence of SCH can significantly
affect the outcome of pregnancy, resulting in a significant
increase in the incidence of spontaneous abortion, stillbirth,
premature birth, macrosomia, low birth weight, placental
abruption, gestational diabetes, gestational hypertension,
and preeclampsia. It also affects the development of fetal
neurological intelligence, especially in early pregnancy (6).
The incidence of SCH in pregnancy is high, but the
treatment rate is low. According to statistics, only 16% of
pregnant women with SCH in the United States receive
treatment (7). It can be seen that there is still a need to
strengthen the understanding and increase the attention of
patients with SCH during pregnancy.

Levothyroxine sodium tablet is currently the first-choice
drug for the clinical treatment of SCH. It has the effect of
gradually increasing the levels of triiodothyronine and free
thyroxine and decreasing the level of thyroid stimulating
hormone (TSH) (8). The results of Ding ez /. [2021] pointed
out that levothyroxine sodium tablets can promote human
metabolism, maintain human growth and development,
and strengthen the sympathetic-adrenal system sensitivity.
It can improve the metabolic disorder caused by subclinical
hypothyroidism during pregnancy, and promote the return
of thyroid function-related hormones to normal (9). The
timely and appropriate application and adjustment of
levothyroxine sodium tablets during pregnancy can promote
the normalization of thyroid function, reduce the occurrence
of corresponding complications, and achieve satisfactory
pregnancy outcomes (10). A study of SCH patients treated
with levothyroxine sodium tablets until delivery found that
the incidence of adverse maternal and infant outcomes was
significantly lower in patients treated with levothyroxine
sodium tablets (11). In addition, Yu et «/. [2021] used
levothyroxine sodium tablets and thyroxine tablets to treat
patients with hypothyroidism in late pregnancy; the results
found that the incidence of adverse pregnancy in pregnant
women treated with levothyroxine sodium tablets was
significantly lower than that in pregnant women treated
with thyroxine tablets (12). However, the current evidence
for levothyroxine sodium tablets for the treatment of SCH
is still insufficient (13). The American Thyroid Association
recommends that patients with hypothyroidism and thyroid
peroxidase antibodies in pregnancy should be treated with
levothyroxine sodium tablets. The American Endocrine
Society and the European Thyroid Association recommend
levothyroxine sodium tablets for SCH women during
pregnancy (14). Moreover, whether levothyroxine sodium
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tablets can improve the harm caused by SCH to pregnant
women and their offspring has not yet formed a clear
conclusion (15). Therefore, there is still controversy about
the scope of use of levothyroxine sodium tablets and its
effect on SCH and pregnancy outcomes.

To systematically evaluate the efficacy of levothyroxine
sodium tablets in the treatment of SCH and its effect on
pregnancy outcomes, used meta-analysis was adopted in
this work to evaluate the differences in pregnancy outcomes
between thyroxine sodium tablets and conventional
interventions in SCH, aiming to provide reference
evidence-based medical evidence for the clinical treatment
of patients with SCH. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
22-269/rc).

Methods
Literature retrieval strategy

Registers and online databases such as the National Center
for Biotechnology Information, the Cochrane Library,
PubMed, Medline, and Embase were searched for related
keywords and medical subject heading terms for SCH.
Relevant literatures published from the establishment of
the database to June 2021 were retrieved. The descriptive
terms included SCH, levothyroxine, spontaneous abortion,
stillbirth, premature delivery, macrosomia, low birth
weight, placental abruption, gestational diabetes, gestational
hypertension, and preeclampsia. Key words were freely
combined with “or” and “and” for joint search, and were
input into each database to search the target literature. The
language was not limited during the search. Full text articles
were retrieved and manual screening was conducted.

Criteria for inclusion and exclusion of literature

The following inclusion criteria were applied: (I) the diagnostic
criteria of hypothyroidism during pregnancy was in accordance
with the Guidelines for Diagnosis and Treatment of Pregnancy
and Postpartum Thyroid Diseases; (1) the two indicators
were thyroid stimulating hormone (TSH) >2.5 mIU/L
in patients with early pregnancy and >3.0 mIU/L in
patients with middle or late, and positive autoantibodies to
thyroid peroxidase (TPOAb; >9.0 IU/mL) (12); and (III)
randomized controlled trials (RCTs) involving singleton
pregnancies in women >18 years of age.
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The following exclusion criteria were applied: (I) articles
with high similarity to the original text; (I) literatures that
did not report the required indicators; (III) non-clinical
trials; (IV) patients with simple hypothyroxinemia [free
thyroxine (FT4) <12 pmol/L], simple elevated TSH, or
simple positive thyroid peroxidase antibody (TPOAb); (V)
patients with other reproductive diseases; (VI) individual
case reports and literature reviews, etc.; (VII) meta-analyses
as references rather than included in the literature; and
(VIII) publications in which the results were not clear, or
the patient data was incomplete.

Literature screening and quality assessment

Based on the Cochrane system, two reviewers independently
evaluated the quality of the included literature and extracted
the literature data, so as to exclude the literatures that did not
meet the requirements and were of low quality. When there
was inconsistency in the review results, two reviewers needed
to decide whether the article was included through discussion,
or a third reviewer was introduced for final evaluation.

The bias of the included literature was evaluated
according to 4.2.6 of the Cochrane Evaluation Manual.
The evaluation criteria included: (I) whether the research
method was correct and clear; (IT) whether the method for
generating random sequences was clearly explained in the
text; (IIT) whether the research results were clear and clear,
whether the data was complete, and whether there was a
problem of selective reporting; (IV) whether there was a
problem of selective reporting of the results, whether the
results were processed by the intention-to-treat analysis
method; and (V) whether there was a blinded controlled
study of participants and personnel in the article. According
to the standard, the literatures included were divided
into 3 levels (low bias, moderate bias, and high bias). The
literature was initially screened by reading the title, and
the lack of data was attempted to be supplemented by
contacting the original author. The abstract and full text
were further read, and then combined with the Jadad scale
to evaluate the quality of the included literature. Finally,
the literature with a Jadad scale score of more than 3 was
selected for inclusion in this meta-analysis. For selected
studies, information on all available variables was extracted
and entered into a Microsoft Excel database.

Data extraction

The included literature was extracted by two reviewers. The

© Annals of Palliative Medicine. All rights reserved.

1443

main contents extracted included: (I) basic information:
article title, first author, publication year, publication
journal, research type, and research start and deadline;
(II) research objects: the number, the age, gestational
age, and intervention methods of the research subjects;
(III) evaluation method: statistics and analysis of the main
indicators of the experimental group and the control group;
and (IV) observation indicators: the incidence of premature
birth, miscarriage, gestational hypertension, postpartum
hemorrhage, placental abruption, and abnormal neonatal
weight.

Statistical analysis

Excel 2016 software was used to organize the data in the
included literature, and the Cochrane Reviewer’ Handbook
and Jadad scale were used to evaluate the quality of the
literature. RevMan5.3 software was used for meta-analysis
of the included literature.

First, the chi-square test was used to conduct a
preliminary test of literature heterogeneity, and the
significance level of the test was set to 0=0.05, and P<0.05.
Then, I’ in RevMan5.3 software was used to quantitatively
evaluate the heterogeneity results. It was considered
that when 1°<25%, the literature had low degree of
heterogeneity; when 25%<I°<50%, the literature had
moderate heterogeneity; and when I’>50%, there was
substantial heterogeneity in the literature. Based on this,
when I°<50%, a fixed effects model was used for meta-
analysis; while when I’>50%, a random effects model was
used for meta-analysis.

Pooled effects statistical model: dichotomous variables
were described by relative risk (RR), odds ratio (OR), or risk
difference (RD); and continuous variables were described
by weighted mean difference (WMD) or standard mean
difference (SMD). The RevMan5.3 software was used to
output the forest plot to evaluate the bias of the included
literature, and the Z value and P value in the results were
extracted to judge the results of the meta-analysis. In
addition, each effect size was expressed by 95% confidence
interval (CI). When P<0.05, the difference between groups
was considered statistically significant.

Results
Results of the literature search

In this study, a total of 389 articles were retrieved,
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Identification of studies via databases and registers

Figure 1 A flow chart showing the literature retrieval process.

including 295 articles from the PubMed and Embase
database, and 94 articles from registers. After excluding
the literatures that did not meet the inclusion criteria,
192 articles were obtained. Then, through the literature
titles, article abstracts, and research content, literatures
such as reviews, conference papers, case analysis, and risk
factor assessment were excluded, and a total of 63 literatures
were initially screened and met the inclusion criteria. After
further intensive reading of the included studies, 17 non-
SCH literatures, 23 non-RCTs, and 15 unconventional
hypothyroid drug treatment studies were excluded. Finally,
8 articles (16-23) that satisfied the inclusion criteria were
included. Figure 1 shows the details of the literature
screening process. The basic characteristics of the included
literatures are shown in 7able 1.

Risk assessment of bias in the included literatures

The Cochrane Handbook 5.3 version of the systematic
review manual was used to evaluate the risk of bias in
8 articles included in this study. The risk map of bias is
shown in Figures 2,3. The Review Manager 5.3 software
was used to evaluate the risk of bias in literature quality.
The risk of case selection bias was mainly due to the lack

© Annals of Palliative Medicine. All rights reserved.

c

'% Records identified from: Records removed before screening:

;g Databases (n=295) > Duplicate records removed (n=146)

S Registers (n=94) Records marked as ineligible by automation tools (n=46)

]

= Records removed for other reasons (n=5)

Y
Records screened (n=192) > Records excluded (n=55)

g x

§ Reports sought for retrieval (n=137) »| Reports not retrieved (n=74)

3

\
Reports assessed for eligibility (n=63) »| Reports excluded:

Not common sodium (n=15)
Non-pregnancy was combined with CH (n=17)
Non-randomized-controlled experiments (n=23)

o Y

S

3 Studies included in review (n=8)

o

=

of emphasis on the continuity of the included patients.
There were 8 articles (16-23) with partial risk of bias to
be tested. With the exception of 2 publications (21,23),
the other 6 articles were all found to have low risk
bias. The risk of gold standard bias was mainly due to
the interpretation of undefined gold standard results
in 5 articles (17,18,20,22,23), and 3 articles (16,19,21)
used ultrasound-assisted biopsy as gold standard. The
risk of case process bias was mainly due to two articles
(18,19) that did not specify whether there was a suitable
interval between the test and the interpretation of the
gold standard. Clinical applicability was good with the
exception of one publication (20). The risk assessment is
illustrated in Figures 2,3.

Premature birth

Figure 4 shows a forest map of the incidence of premature
birth in patients with outcome indicators. A total of
8 articles met the requirements. The results showed
that I’=0% and P=0.70, and the fixed effects model was
selected. Meta-analysis demonstrated that levothyroxine
sodium reduced the incidence of premature delivery in
pregnant women with hypothyroidism (OR =0.42; 95%
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) Inspection Number of ) The experimental The control
First author Year Country Intervention measures
methods research cases group group
Abdel (16) 2010 Egypt Ultrasound 70 Levothyroxine sodium a + routine 35 35
Costantine (17) 2020 USA Ultrasound 245 Levothyroxine sodium a + routine 124 121
Kim (18) 2011 Korea Ultrasound 64 Levothyroxine sodium a + routine 32 32
Li (19) 2020 China Ultrasound 1,556 Levothyroxine sodium a + routine 585 971
Ma (20) 2016 China Ultrasound 1,671 Levothyroxine sodium a + routine 675 996
Maraka (21) 2016 USA Ultrasound 366 Levothyroxine sodium a + routine 82 284
Nazarpour (22) 2017 Italy Ultrasound 1,746 Levothyroxine sodium a + routine 65 66
Negro (23) 2006 Italy Ultrasound 984 Levothyroxine sodium a + routine 57 58
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Figure 2 Risk bias risk assessment of the included literatures.

CI: 0.30 to 0.58; Z=5.23; P<0.00001). The funnel plot
is basically symmetrical (Figure 5), and most of the data
are on both sides of the central axis, suggesting that
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The funnel plot is basically symmetrical (Figure 9), and most
of the data are on both sides of the central axis, suggesting
that publication bias was effective.

Postpartum bhemorrbage

Figure 10 shows the forest map of the incidence of postpartum
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Figure 3 A bar chart showing the bias risk assessment of the included literatures.
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Figure 4 A forest map analyzing the effects of levothyroxine sodium on premature delivery in pregnant women with hypothyroidism. CI,

confidence interval.
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Figure 5 A funnel plot of premature delivery affected
by levothyroxine sodium in pregnancy complicated with

hypothyroidism. SE, standard error; OR, odds ratio.
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hemorrhage in pregnant patients with hypothyroidism. A
total of 5 articles satisfied the requirements. The results
revealed that I’=0% and P=0.93, and the fixed effects model
was selected. Meta-analysis demonstrated that the incidence
of postpartum hemorrhage was low in pregnant women with
hypothyroidism who were treated with levothyroxine sodium
(OR =0.40; 95% CI: 0.22 to 0.74; Z=2.97; P=0.003). The
funnel plot is basically symmetrical (Figure 11), and most of
the data are on both sides of the central axis, suggesting that

publication bias was effective.

Placental abruption

Figure 12 shows the forest map of the incidence of placental
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Figure 6 A forest map of the effects of levothyroxine sodium on the incidence of abortion in pregnant women with hypothyroidism. CI,

confidence interval.
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Figure 7 A funnel plot of the effects of levothyroxine sodium on the incidence of abortion in pregnant women with hypothyroidism. SE,

standard error; OR, odds ratio.
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Figure 8 A forest map of the effects of levothyroxine sodium on the incidence of gestational hypertension in pregnant women with

hypothyroidism. CI, confidence interval.

abruption. A total of 5 articles met the requirements. The
results showed that ’'=0% and P=0.47, and the fixed effects
model was applied. Meta-analysis showed that levothyroxine
sodium treatment reduced the incidence of placental
abruption in pregnant women with hypothyroidism,
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however, the decrease was not significantly different
compared to patients who did not receive levothyroxine
sodium treatment (OR =1.06; 95% CI: 0.42 to 2.64; Z=0.12;
P=0.90). The funnel plot is basically symmetrical (Figure 13),
and most of the data are on both sides of the central axis,
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Figure 9 A funnel plot of the effects of levothyroxine sodium on
the incidence of gestational hypertension in pregnant women with
hypothyroidism. SE, standard error; OR, odds ratio.
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Figure 11 A funnel plot of the effects of levothyroxine sodium on
the incidence of postpartum hemorrhage in pregnant women with

hypothyroidism. SE, standard error; OR, odds ratio.
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Figure 10 A forest map of the effects of levothyroxine sodium on the incidence of postpartum hemorrhage in pregnant women with

hypothyroidism. CI, confidence interval.

suggesting that publication bias was effective.

Abnormal neonatal weight

Figure 14 shows the forest map of the incidence of
abnormal neonatal weight. A total of 4 articles satisfied the
requirements. The results showed that I’=76% and P=0.005,
and the fixed effects model was selected. Meta-analysis
demonstrated levothyroxine sodium reduced the incidence
of low birth weight in newborns compared to patients who
did not receive treatment (OR =0.08; 95% CI: 0.01 to 0.51;
Z=2.70; P=0.007). The funnel plot is basically symmetrical
(Figure 15), and most of the data are on both sides of the
central axis, suggesting that publication bias was effective.

Discussion

A total of 8 articles (16-23) were included in this meta-

© Annals of Palliative Medicine. All rights reserved.

analysis. Quality evaluations of the 8 articles revealed that
there was 1 grade A article and 8 grade B articles. Premature
birth refers to a gestation period of >28 weeks to 37 weeks,
while abortion refers to a gestation period <28 weeks (24,25).
Fluctuations in maternal hormones can causes miscarriage
and premature birth of infants. Other factors include
chromosomal abnormalities, anatomical abnormalities,
as well as genetic and acquired thrombocytopenia (26).
Hypothyroidism results from thyroid dysfunction caused by
insufficient synthesis and secretion of thyroid hormones (27).
Insufficient thyroid hormone can affect the function of the
placenta, resulting in ineffective supply of nutrition to the
fetus. Therefore, patients with hypothyroidism are prone
to adverse events during pregnancy. Levothyroxine sodium
is a sodium salt of tetraiodothyronine, which is commonly
used for the treatment of hypothyroidism. Its function and
application are similar to thyroid tablets and is suitable for
thyroid hormone supplementation therapy.
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Figure 12 A forest map of the effects of levothyroxine sodium on the incidence of placental abruption in pregnant women with

hypothyroidism. CI, confidence interval.
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Figure 14 A forest map of the effects of levothyroxine sodium on abnormal low birth weight in pregnant women with hypothyroidism. CI,

confidence interval.

This meta-analysis demonstrated that levothyroxine
sodium could reduce the incidence of premature deliveries
or abortions in pregnant patients with hypothyroidism.
Approximately 66.7% of pregnant women suffer from
hypothyroidism, and this is often associated with adverse
events during pregnancy, such as premature delivery,
abortion, placental abruption, gestational hypertension,

© Annals of Palliative Medicine. All rights reserved.

and gestational diabetes mellitus (28). This is much higher
than the 20.8% incidence of hypothyroidism observed in
non-pregnant women. Yassa et a/. (29) demonstrated that
hypothyroidism increases the risk of premature delivery
in pregnant women, due to detachment of the placenta
after 20 weeks of gestation. Cecere et al. (30) reported
a significant increase in the risk of sudden placental
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Figure 15 A funnel plot of the effects of levothyroxine sodium
on abnormal low birth weight in pregnant women with

hypothyroidism. SE, standard error; OR, odds ratio.

abruption in patients with thyroid function. Newborns
under 2,500 g are considered low birth weight infants.
Akhtar et al. (31) found that the incidence of low birth
weight in hypothyroidism patients was 8.05 times higher
than in normal pregnant women. Postpartum hemorrhage
is classified as blood loss >1,000 mL within 24 hours after
delivery, with associated symptoms or hypoxic symptoms of
blood loss, and this remains the primary cause of maternal
death worldwide (32). This meta-analysis demonstrated
that levothyroxine sodium reduced obstetric complications
in pregnant women with hypothyroidism and is consistent
with the results of Zhao et 4l. [2018] (33). There were
several limitations to this current study. First, only Chinese
and English literatures are included, and the number of
literatures may be insufficient. Second, for much of the
included literature, the blinding and distribution methods
were unclear. Furthermore, the number of high-quality
literatures was small, and this may have affected the
reliability of some data. Clinical researchers should pay
attention to the implementation of blinding methods and
the quality of clinical RCTs should be improved according
to the clinical RCT report benchmark (ranking).

Conclusions

The use of levothyroxine sodium in the treatment of
patients with pregnancy complicated with hypothyroidism
demonstrated good efficacy. The incidences of premature
delivery, abortion, placental abruption, gestational
hypertension, and bleeding were greatly reduced in
such patients. Therefore, the combined treatment of

© Annals of Palliative Medicine. All rights reserved.

levothyroxine sodium can ensure the safety of the mother
and the infant while achieving a successful delivery.
Indeed, levothyroxine sodium may be an effective
potential treatment regimen for pregnant women with

hypothyroidism.
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