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Abstract

Background

Hyperthyroidism affects about 0.2%-2.7% of all pregnancies, and is generally treated with
propylthiouracil (PTU). However, previous studies about the effects of propylthiouracil on
maternal or foetal are contentious.

Objective

This meta-analysis was carried out to investigate the safety and efficacy of propylthiouracil
during pregnancy.

Materials and methods

PubMed, EBSCO, Embase, Scopus, Web of Science, Cochrane, CNKI, Wanfang and VIP
database were searched from inception until August 31, 2021 for all available randomized
controlled trials (RCTs) or cohort studies that evaluated the efficacy of propylthiouracil and
its effects on pregnancy outcomes. Odds ratio (OR) and 95% confidence interval (Cl) were
used for binary variables, weighted mean difference (WMD) and 95% confidence interval
(CI) were used for continuous variables. RevMan5.4 and Stata 16.0 were used for perform-
ing the meta-analysis.

Results

The researchers examined data from 13 randomized controlled trials and cohort studies
involving 18948 infants. Congenital anomalies were not significantly associated with PTU in
the pooled results (OR = 1.03, 95%Cl: 0.84-1.25, P=0.80, I = 40.3%). There were no sta-
tistically significant differences in neonatal hypothyroidism (OR = 0.55, 95%CI: 0.06-4.92, P
=0.593, I? = 57.0%) or hepatotoxicity (OR = 0.34, 95%Cl: 0.08—1.48, P=0.151, 1> = 0.0%)
exposed to PTU compared to the control group. The serum levels of FT3, FT4, TT3, and
TT4 were significantly lower in the propylthiouracil group compared to the control group.
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Conclusion

This meta-analysis confirmed the beneficial effects of propylthiouracil treatment, namely the
risks of adverse pregnancy outcomes were not increased, and it also proved PTU’s efficacy
in the treatment of pregnant women with hyperthyroidism. The findings supported the use of
propylthiouracil during pregnancy with hyperthyroidism in order to improve clinical preg-
nancy outcomes in patients with thyroid dysfunction.

Introduction

Pregnancy hyperthyroidism is one of the most common pregnancy complications, affecting
about 0.2-2.7 percent of pregnancies and having an incidence rate of about 65 per 100,000 [1-
3]. Graves’ disease and chorionic gonadotrophin (hCG)-mediated hyperthyroidism are the
two most common causes of hyperthyroidism during pregnancy [4]. Untreated disease
increases the risk of miscarriage, premature delivery, placental abruption, stillbirth, and other
complications [5]. Therefore, appropriate management of hyperthyroidism during pregnancy
is critical. Clinical guidelines recommending treatment parallels that propylthiouracil should
be used as the first line treatment of hyperthyroidism in pregnancy [6, 7]. However, the drug is
regarded to pass through the human placenta, it may have an effect on the foetus [8].

Several observational studies have been conducted to investigate the effects of propylthiour-
acil on the occurrence of adverse pregnancy outcomes, but the findings have been inconclusive
and controversial. There is no comprehensive data on the adverse pregnancy outcomes associ-
ated with PTU. Several studies have shown that propylthiouracil is hepatotoxic [9, 10], plus
research has found that the drug may have teratogenic effects as well [11, 12]. According to a
recent cohort study, PTU could lead to neonatal hypothyroidism with or without goitre [13].
In contrast, some studies found no adverse effects of PTU on pregnancy outcomes when con-
ducted retrospectively [14, 15].

As a result, no final conclusion on the use of PTU has been reached, and more research is
needed, particularly to investigate the underlying role of propylthiouracil in maternal or foetal
health. Therefore, it is necessary to reassess previously published research evidence on the role
of PTU treatment in the risk of pregnancy outcomes and its efficacy. Combining and analyzing
data from this contentious issue may provide clinical physicians with medication guidelines
for pregnant women with hyperthyroidism.

Materials and methods
Literature search

The meta-analysis followed the statement of the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) [16]. And the following databases were searched:
CNKI, Pubmed, Cochrance, Embase, Scopus, Web of Science, Wanfang and VIP database.
These articles were published after inception and before August 2021, which were related to
the effectiveness and safety of propylthiouracil treatment on pregnant women. Comparisons
with untreated control groups were conducted.

The authors searched independently before the study started for the determination of inclu-
sion criteria. On the basis of MESH, Pubmed was searched first with below keywords: ("preg-
nancy" OR "Pregnancies” OR "Gestation") AND ("hyperthyroidism" OR "Hyperthyroid" OR

"Hyperthyroids" OR "Primary Hyperthyroidism" OR "Hyperthyroidism, Primary"") AND
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("Propylthiouracil” OR "6-Propyl-2-Thiouracil” OR "6 Propyl 2 Thiouracil"). Only studies
involving humans were included for selection. Moreover, language limitations are English or
Chinese. Similar searching strategies were applied in all databases. Searches were performed
based on "all fields" in the PubMed and on "titles, abstracts and keywords" in other databases.

Eligibility criteria

Types of participants. In this study, the selected participants needed to satisty the follow-
ing criteria: a study population including pregnant women who are clinically and laboratory
diagnosed with hyperthyroidism. Hyperthyroidism refers to high levels of serum thyroxine
and triiodothyronine, and low levels of thyroid-stimulating hormone [17].

Intervention measures. The control group received no treatment.

The experimental group received propylthiouracil treatment.

Outcomes. The primary outcomes:

Congenital anomalies refer to structural or functional defects occurring in prenatal devel-
opment [18], classified per International Classification of Diseases, 10th Revision [ICD-10],
codes Q00 to Q99.

Neonatal thyroid hypothyroidism is defined as abnormal indicators of thyroid function
such as thyroid volume (TV), thyroid-stimulating hormone (TSH), T3 and T4.

Hepatotoxicity: Abnormal Aspartate Aminotransferase (AST) and Alanine Aminotransfer-
ase (ALT) were used as indicators of hepatotoxicity [19].

The secondary outcomes:

Thyroid function in pregnant women: free triiodothyronine (FT3), total triiodothyronine
(TT3), free thyroxine (FT4), and total thyroxine (TT4) concentrations.

Free triiodothyronine (FT3), free thyroxine (FT4) were measured by an electrochemilumi-
nescence immunoassay on a Cobas Elecsys 601 unit (Roche Diagnostics, Basel, Switzerland).
Total thyroxine(TT4) and total triiodothyronine (TT3) were measured using radioimmunoas-
say. The FT4 and FT3 reference intervals were 9.2-21.0 pmol/L and 3.52-5.61pmol/L; TT4
was 86.9-213.2nmol/L and TT3 was 1.32-3.72 nmol/L in pregnancy [20].

Exclusion criteria

For the meta-analysis, any study that meets a certain exclusion criterion must be excluded in
this paper: (1) Literature with incomplete reporting information for data. (2) Literature with-
out adequate data for result interpretation. (3) Literature that including other anti-thyroid
therapies instead of propylthiouracil. (4) Review, studies related to animal trial, in vitro study,
case report, meeting abstract.

Data extraction and quality assessment

Two reviewers independently performed the research screening. After the databases
search were finished, all the filtered titles and abstracts of literature were imported into
the document management software for duplicate studies screening. Those failing to sat-
isfy the inclusion criteria were screened, and eventually the studies that meet the inclusion
criteria were sorted out through full text reading. In literature screening, if disagreement
arose, reviewers should discuss with a third researcher or consult experts relevant to the
research field. In case of various papers having been published in the same research, only
the research that has the most complete data and the most coincident with the inclusion
criteria should be included. All the selected studies satisfying the inclusion criteria were
selected and analyzed using computer: basic research information (author, title, study
type, year of publication), experimental design (number of cases, dosage, interventions,
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duration of exposure) and outcome indicators. If there were inconsistent outcome indica-
tor units in the study, the units should be converted in uniform before carrying out subse-
quent data processing. If some information was missing in the research, the original
author should be contacted by telephone or e-mail for relevant data.

Cochrane Handbook recommended a method for System Reviews of Interventions 5.1.0,
the evaluation items of which include random grouping methods, use of blind methods, alloca-
tion of hidden scheme design, reporting of results data, whether there are other sources of
bias, whether there is any selective reporting of research results, etc. The selected studies were
evaluated for bias risk using the method and its results were reported as follows: "low risk" rep-
resents correct method or the complete data, illustrating small bias risk; "Unclear” means
unclear method, illustrating moderate bias risk; "high risk" indicates that incorrect method or
incomplete data, illustrating high bias risk. Finally, the bias risk assessment chart could be
obtained after the evaluation results were input into RevMan 5.4 software.

Statistical analysis

To analyze statistics, the Software package STATA (version 16; STATA Inc., College Station,
TX, USA) was utilized. The weighted mean differences (WMD) were used to compare contin-
uous variables, while categorical data utilized by pooled odds ratios (ORs) were obtained to
determine whether there were significant differences in the compared data. Confidence inter-
val (CI) of 95% was used to express the effect of the quantity of counting data and the measure-
ment data.

In the heterogeneity test, in case of the statistics P> 0.1, I < 50% was generally regarded as
an indicator of a higher homogeneity among study results, revealing no significant statistical
difference in the included data. Under the circumstances, the fixed effect model should be
employed. In case of statistic P < 0.1, I* > 50% was generally regarded as an indicator of hetero-
geneity among study results, indicating significant statistical differences in the inclusion data,
and the random effect models were used. And given the factors that might result in heteroge-
neity, heterogeneity probably exists. If a study varied significantly from all other included stud-
ies in methods or results, a sensitivity analysis would be conducted to exclude those studies
from the meta-analysis. Funnel plots were generated and the Begg’s and Egger’s test were
employed to assess and test publication bias, respectively. P<0.05 indicated statistical signifi-
cance, unless otherwise specified.

Results

Search results

S1 Materials shows the search strategy in detail. Fig 1 shows the PRISMA flow chart for litera-
ture selection and the PRISMA checKklist is shown in the S1 Table. There were totally 1912
studies in the nine databases (PubMed: 430; EBSCO: 198; Embase: 707; Web of science: 145;
Cochrane: 6; Scopus: 340; CNKI: 49; wanfang database: 24; VIP: 13). There were no additional
records from other sources found. After removing duplicates, up to 1090 records remained,
and 820 of them were delegated after the titles and abstracts were examined. In addition, full
texts of 35 articles were read, with 22 of them being refused. Finally, 13 studies were included
in the meta-analysis [14, 15, 21-31].

Study characteristics and quality assessment

This meta-analysis included 13 articles. The experiment group included pregnant women who
accepted propylthiouracil treatment for a normal range of thyroid hormone levels during
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Fig 1. Flow chart of study selection process.

https://doi.org/10.1371/journal.pone.0265085.g001

hyperthyroidism. The control group included pregnant women with hyperthyroidism who
had not received antithyroid treatment prior to delivery. Table 1 shows the features of articles
included in this study.

Figs 2 and 3 depict the risk-of-bias assessment in minute detail. Only two studies demon-
strated a low risk of bias [21, 25], and an unclear risk of bias was found in eleven studies [14,
15, 22-24, 26-31]. Six studies’ randomization was handled correctly [21, 22, 25, 28-30], and
five studies dealt with allocation-sequence concealment adequately. Details about participants
and personnel blinding were provided in nine studies [14, 15, 21-27], while outcome assessor
blinding was reported in nine more [14, 15, 21, 24, 25, 27, 29-31]. For each article, the cause
and number of withdrawals and dropouts were provided.
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Table 1. Characteristics of included studies.

Study | Year | Study type Participants Controls Duration of exposure Outcomes
Hao 2018 RCT 56 women treated with PTU; The initial dose is 100mg, three times a day, and the 122 women not receiving Before the end of 18 ©)
dosage is increased or decreased according to the disease any treatment weeks of gestation
Andersen | 2017 Cohort 218 women treated with PTU; Dose unknown 1551 women not receiving | During the first trimester [©)
study any treatment of pregnancy
Ji 2017 RCT 20 women treated with PTU; The initial dose is 100mg, three times a day, and the 20 women not receiving During pregnancy [6]0I6]60]
dosage is increased or decreased according to the disease any treatment
Lo 2015 | Cohort 433 women treated with PTU; Dose unknown 1144 women not receiving Before the end of 2 (0]e)
study any treatment months of gestation
Gianetti | 2015 Cohort 52 women treated with PTU; daily dose ranges from 50 to 200 mg 203 women not receiving | During the first trimester [0]6)
study any treatment of pregnancy
Andersen | 2014 | Cohort 564 women treated with PTU; Dose unknown 3543 women not receiving | During the first trimester ®
study any treatment of pregnancy
Guo 2014 RCT 58 women treated with PTU; The initial dose is 100mg, three times a day, and the 52 women not receiving During pregnancy @GO
dosage is increased or decreased according to the disease any treatment
Xu 2013 RCT 65 women treated with PTU; The initial dose is 100mg, three times a day, and the 65 women not receiving During the first trimester | Q@@ ® @
dosage is increased or decreased according to the disease any treatment of pregnancy
Korelitz | 2013 | Cohort 915 women treated with PTU; Dose unknown 3236 women not receiving Before the end of 6 (0]6)
study any treatment months of gestation
Yoshihara | 2012 | Cohort 1578 women treated with PTU; Dose unknown 2065 women not receiving | During the first trimester ©)
study any treatment of pregnancy
Chen 2011 Case- 630 women treated with PTU; Dose unknown 2127 women not receiving | During the first trimester [©)
control any treatment of pregnancy
Lian 2005 Case- 28 women treated with PTU; Dose unknown 61 women not receiving | During the first trimester ©)
control any treatment of pregnancy
Wing 1994 | Cohort 99 women treated with PTU; The median maximal daily medication dose of 43 women not receiving Before the end of 15 [0]6)}
study propylthiouracil was 450 mg with a range of 150 to 600mg any treatment weeks of gestation

Note: W Congenital anomalies @hepatotoxicity @infants thyroid dysfunction @FT3 ®FT4 ®TT3 @TT4

https://doi.org/10.1371/journal.pone.0265085.t001

Meta analysis results

Many studies have been conducted to assess the risk of congenital anomalies, neonatal hypo-
thyroidism, and hepatotoxicity in pregnant women exposed to propylthiouracil, but the associ-
ations are unclear. The current findings provide greater power to the results of pregnancy
outcomes for PTU treatment based on 13 RCT's and cohort studies.
Congenital anomalies. Eleven studies with a total of 18460 infants reported findings on
congenital anomalies. Because heterogeneity analysis revealed that the included studies were

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias
0%  25% 50% 75%  100%
.Low risk of hias E]Unclearrisk of hias .High risk of hias
Fig 2. Risk of bias assessment.
https://doi.org/10.1371/journal.pone.0265085.g002
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Fig 3. Trial quality assessment.
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highly homogeneous (I* = 40.3%, P = 0.08), the fixed effect model was chosen, and sensitivity
analysis demonstrated that the results were reliable. The meta-analysis of these eleven studies
on the association of propylthiouracil treatment with congenital malformations yielded a
pooled OR of 1.03, with a 95% CI of 0.84-1.25, demonstrating no significant differences in this
outcome between the treatment group and control group (P = 0.80). This finding illustrated
that propylthiouracil did not pose a significant teratogenic risk (Fig 4).
Neonatal hypothyroidism. Four studies involving 547 infants reported findings on neo-
natal hypothyroidism. The heterogeneity test for these outcomes was significant (I = 57.0%,
P =0.073), so the random effects model was adopted. There were no statistically significant dif-
ferences in the pooled odds ratios of neonatal hypothyroidism between women treated with

Study

Hao (2018)
Andersen (2017)
Lo (2015)
Gianetti (2015)
Andersen (2014)
Xu (2013)
Korelitz (2013)
Yoshihara (2012)
Chen (2011)
Lian (2005)
Wing (1994)

Overall (I-squared = 40.3%, p=0.080) ¢

Events,
OR (95% CI)

2.20 (0.14, 35.82)1/56
0.71 (0.40, 1.26) 14/218
0.57 (0.29, 1.11) 11/433
1.45 (0.44, 4.77) 4152
3.34 (1.60, 6.96) 11/564
0.49 (0.04, 5.57) 1/65
1.15 (0.86, 1.53) 66/915
0.88 (0.54, 1.45) 26/1399
1.13 (0.41, 3.11) 5/630

2.22 (013, 36.87)/28

N

1.31(0.13, 12.99p/99
1.03 (0.84, 1.25) 143/4459

Events,

Treatment Control

1122
136/1551
50/1144
11/203
21/3543
2/65
205/3236
40/1906
1562127
1/61

1/43
483/14001

Fig 4. Forest plots of showing the effects of PTU on congenital anomalies.

https://doi.org/10.1371/journal.pone.0265085.g004
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Study Events, Events,
D OR (95% Cl) Treatment  Control
Ji (2017) —_— 0.10 (0.01, 0.89) 1/20 7120
Gianetti (2015) ‘ > 11.85 (0.48, 295.26) 1/52 0/203
Guo (2014) - 0.12 (0.01, 2.40) 0/58 3/52
Wing (1994) } 1.32(0.05,33.17)  1/99 0/43

Overall (-squared = 57.0%, p = 0.073) <:> 0.55(0.06,492)  3/229 10/318

NOTE: Weights are from random effects analysis

T T
=8 1 3

Fig 5. Forest plots of showing the effects of PTU on neonatal hypothyroidism.
https://doi.org/10.1371/journal.pone.0265085.g005

PTU and the control group (OR 0.55, 95%CI 0.06-4.92, P = 0.593). Sensitivity analyses using
sequential omission of individual studies had no significant effect on the overall combined
OR, indicating that the combined OR was credible and valid. We found no link between the
use of propylthiouracil in pregnancy and the risk of neonatal thyroid dysfunction in women
with hyperthyroidism (Fig 5).

Hepatotoxicity. Two studies with a total of 8012 patients reported hepatotoxicity find-
ings. There was no statistical heterogeneity among the research (I* = 0.0%, P = 0.959), so the
fixed effect model was used. Meta-analysis showed that there was no significant difference in
hepatotoxicity between propylthiouracil treatment group and the control group in pregnant
women with hyperthyroidism (OR 0.34, 95%CI: 0.08-1.48, P = 0.151) (Fig 6). We found no
evidence of an increased risk of liver disease in women who took propylthiouracil.

To explore the efficacy of the propylthiouracil in pregnant women, we also analyzed the val-
ues of FT3, FT4, TT3 and TT4 at the same time.

FT3. Three studies with 215 patients reported results on FT3. There was no statistical
heterogeneity among the studies (I* = 0.0%, P = 0.552), so the fixed effect model was
adopted. In women with hyperthyroidism, the value of FT3 was significantly decreased in
propylthiouracil treatment than the control group(WMD:-14.09,95%CI: -14,51- -13.68,
P<0.001) (Fig 7). Propylthiouracil achieved a stable FT3 state in patients, according to the
findings.

FT4. Three studies with a total of 215 patients reported FT4 results. There was a little sta-
tistical heterogeneity among the studies (I* = 55.3%, P = 0.107), so random effects model was
adopted. All of these studies concluded that propylthiouracil significantly reduced the value of
FT4 in hyperthyroid women (WMD: -53.98, 95%CI: -56.06--51.87, P<0.001). Our study
revealed that propylthiouracil could improve thyroid function in pregnant women with hyper-
thyroidism (Fig 8).

TT3. A total of two studies were included in this study, and there was low statistical het-
erogeneity among the studies (I = 0.0%, P = 0.623). Therefore, the fixed effect model was used
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Lo (2015)

TN

Koreltz (2013)

T
Overal (-squared = 0.0%, p = 0.959) <>>
1

Events,

OR (95% CI) Treatment
0.33 (0.04, 2.64) 11433
0.35 (0.04, 2.80) 111533

034(0.08,1.43) 21966

Events,

Control

81144

9/4902

17/6046

Fig 6. Forest plots of showing the effects of PTU on hepatotoxicity.

https://doi.org/10.1371/journal.pone.0265085.9006

for meta-analysis, and it seemed that the difference in TT3 between the treatment group and
the control group was statistically significant. In patients with hyperthyroidism, the value of
TT3 was significantly decreased in the experimental group vs. the control group (WMD:

-1.45,95%CI: -1.73- -1.17, P<0.001) (Fig 9). Propylthiouracil was found to be effective in the

treatment of hyperthyroidism.

TT4. A total of 3 studies were included in this study, and the statistical heterogeneity
among literature was small (I* = 38.1%, P = 0.199). Therefore, the fixed effect model was used

for meta-analysis. We did find a significant difference in the value of TT4 (WMD: -153.67,
Study %
ID WMD (95% CI) Weight
Guo (2014) é:- -1421(-1488,-1354) 3849
JI(2017) -:'0— -13.46 (-14.68,-1224) 1153
Xu (2013) Y -1415(-1474,-1356) 49.97
Overall (I-squared =0.0%, p = 0.552) o -14.09 (-14.51,-13.68)  100.00

-1:‘3 9 0 14I 9
Fig 7. Forest plots of showing the effects of PTU on FT3.
https://doi.org/10.1371/journal.pone.0265085.g007
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95%CI: -160.73--146.62, P<0.001) (Fig 10). The combined results of these studies revealed
that propylthiouracil treatment had a remarkable effect on the TT4.

Publication bias

To assess the study’s quality and risk of bias, various complementary methods were used, includ-
ing funnel plots, Begg’s and Egger’s tests. In studies on hyperthyroid patients, there was a clear
symmetry funnel plot for congenital anomalies (Fig 11). The results of Egger’s (P = 0.768) and
Begg’s (P = 0.64) tests also confirmed that there was no significant risk of bias in the study.
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Discussion

Thyroid hormone is essential for normal pregnancy and intrauterine foetal development, par-
ticularly growth of the fetal brain [32, 33]. There is compelling evidence that pregnant women
should be treated for hyperthyroidism [34, 35]. However, the therapy for hyperthyroidism is
limited because all available treatments have reported adverse effects on pregnancy. The option
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is ultimately dependent on the balance of undesirable side effect burden associated with these
medications. PTU is commonly used in the first trimester of pregnancy, but the risks of pro-
pylthiouracil-related pregnancy outcomes are debatable.

In this report, we utilized meta-analysis for the first time to summarize the pooled ORs of
pregnancy outcomes and efficacy after exposure to propylthiouracil in pregnant women. Con-
cerning the safety profile, we discovered that hyperthyroidism patients treated with PT'U had
no significant differences in the OR of adverse pregnancy outcomes, such as congenital anom-
alies, hepatotoxicity, and neonatal thyroid hypothyroidism, when compared to no treatment
controls, indicating that propylthiouracil therapy did not increase the risk of unwanted side
effects on pregnancy outcomes. The study also discovered the effectiveness of propylthiouracil
on the therapy among pregnant women with hyperthyroidism. Further research revealed that
propylthiouracil may significantly lower serum levels of FT4, FT3, TT4, and TT3.

The current study team analyzed the effect sizes of all included studies and discovered that
PTU had no relationship with congenital anomalies. In the present study, ten of the eleven
studies that evaluated the relationship between propylthiouracil and the risk of congenital
anomalies found no link. Our findings were consistent with previous systematic reviews [36—
38], which found that the risk of congenital anomalies was similar in hyperthyroid women
treated with PTU and those who did not accept any antithyroid drug. Previous research by Li,
H et al. [39] suggested that the risk of birth defects increased with PTU exposure, which con-
tradicted our findings. Perhaps the reason was that the subjects in their control group were
healthy women. It is possible that the risk of propylthiouracil-induced anomalies is higher
than in women without hyperthyroidism, but not higher than the risk in hyperthyroid patients
who do not receive treatment. Furthermore, due to its high molecular weight and low placental
passage rate, PTU has a lower impact on the foetus when compared to other commonly used
drugs.

Second, we investigated the effects of PTU on neonatal hypothyroidism, which had not
been analyzed in the previous meta-analysis. In animal studies, the current study found that
PTU could cause foetal goitre [40]. Because propylthiouracil can suppress foetal thyroid func-
tion after the 11th post-conceptional week of pregnancy, when colloid begins to emerge in thy-
roid follicles and thyroxin can be detected, it should be avoided [41, 42]. Despite the
theoretical link between PTU and foetal and neonatal thyroid hypothyroidism, our study
found no significant difference. One possible mechanism is that the risk of neonatal hypothy-
roidism is significantly associated with the duration and cumulative dose of PTU, while the
drugs used in the studies were clinically recommended doses. Propylthiouracil has no potential
side effects for neonatal hypothyroidism or goitre if the dose is appropriately adjusted.

The current meta-analysis found that hyperthyroidism women treated with propylthioura-
cil had no significant differences in the ORs of hepatotoxicity compared to the control group,
which was consistent with a previous study by Ping L et al. [43] Although PTU-induced liver
disease was well documented in adults and children, there was limited data on hepatotoxicity
in pregnant women and even less on effects on the foetus, resulting in conflicting opinions.
Korelitz [15] discovered that women with hyperthyroidism who were not treated with PTU
had higher rates of liver dysfunction than those who received PTU treatment. These findings
could be explained by the link between untreated or inactive hyperthyroidism and elevated
liver transaminases, or by the link between autoimmune disease and liver problems. There
may be women whose pregnancy has been complicated by hyperthyroidism who are not being
treated, and in these women, abnormalities in liver function tests are not uncommon, espe-
cially in women with hyperemesis gravidarum. It’s also possible that doctors avoided giving
antithyroid drugs to women who already had liver problems.
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FT3, FT4, TT3 and TT4 are the first line parameters for diagnosis of clinical hyperthyroid-
ism. These substances each have their own functions in the body and collectively reflect the
thyroid gland’s function. In our study of hyperthyroid women, TT3 and TT4 values were sig-
nificantly lower in the treatment group compared to the control group. A recently published
study lent support to this conclusion, claiming that propylthiouracil improved patient progno-
sis by controlling thyroid hormone levels in patients [43]. And FT'3 and FT4 are hormones
that bind to target cell receptors to perform their functions. Our study also analyzed the influ-
ence of PTU on FT3, FT4, and found that there was a significant difference in favour of PTU
treatment. It is reasonable to expect that propylthiouracil can clearly relieve hyperthyroidism
symptoms and improve thyroid gland function in pregnant patients with hyperthyroidism.

The current meta-analysis differed from others in that it assessed not only the influence of
propylthiouracil in pregnant women with congenital anomalies, but also other effects of
adverse pregnancy outcomes and its effectiveness.

Limitations in current evidence

This meta-analysis has some limitations. First, we are unable to analyse specific birth defects
because the included studies do not provide the original data. Equally important, children
should be followed up after birth, and an agreement should be reached on the best time to fol-
low up because some anomalies are not visible at birth. These factors may have influenced the
results.

Conclusions

In conclusion, the results of this meta-analysis for PTU treatment during pregnancy are reas-
suring because they show that it does not increase the risk of adverse pregnancy outcomes and
can improve thyroid function in pregnant women with hyperthyroidism. Our evidence sug-
gests that propylthiouracil is a safer and more effective option for treating pregnant women
with hyperthyroidism. We believe our findings could be useful to physicians prescribing PTU
to pregnant women with hyperthyroidism in the future, but more research is needed to con-
firm this conclusion.

Supporting information

S1 Materials. Search strategy.
(DOCX)

S1 Table. PRISMA checKklist.
(DOCX)

Acknowledgments

The authors have no acknowledgments.

Author Contributions

Conceptualization: Yiqun Miao, Aihua Wang.

Data curation: Yiqun Miao, Yang Xu, Ping Teng, Yuanyuan Zhang.
Formal analysis: Yiqun Miao, Yang Xu, Yun Zhou.

Methodology: Yiqun Miao, Aihua Wang, Yun Zhou, Wenwen Liu.
Supervision: Aihua Wang, Yuanyuan Zhang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0265085 March 10, 2022 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265085.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265085.s002
https://doi.org/10.1371/journal.pone.0265085

PLOS ONE

Effects of propylthiouracil on pregnancy outcomes

Writing - original draft: Yiqun Miao.

Writing - review & editing: Yiqun Miao, Aihua Wang, Yuanyuan Zhang.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Cooper DS, Laurberg P. Hyperthyroidism in pregnancy. The lancet Diabetes & endocrinology. 2013; 1
(3):238—49. https://doi.org/10.1016/S2213-8587(13)70086-X PMID: 24622372

Huget-Penner S, Feig DS. Maternal thyroid disease and its effects on the fetus and perinatal outcomes.
Prenatal diagnosis. 2020; 40(9):1077—84. https://doi.org/10.1002/pd.5684 PMID: 32181913

Dong AC, Stagnaro-Green A. Differences in Diagnostic Criteria Mask the True Prevalence of Thyroid
Disease in Pregnancy: A Systematic Review and Meta-Analysis. Thyroid: official journal of the Ameri-
can Thyroid Association. 2019; 29(2):278-89. https://doi.org/10.1089/thy.2018.0475 PMID: 30444186

Nygaard B. Hyperthyroidism in pregnancy. BMJ clinical evidence. 2015; 2015. PMID: 25614153

Krassas GE, Poppe K, Glinoer D. Thyroid function and human reproductive health. Endocr Rev. 2010;
31(5):702-55. https://doi.org/10.1210/er.2009-0041 PMID: 20573783

Alexander EK, Pearce EN, Brent GA, Brown RS, Chen H, Dosiou C, et al. 2017 Guidelines of the Ameri-
can Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and
the Postpartum. Thyroid: official journal of the American Thyroid Association. 2017; 27(3):315-89.
https://doi.org/10.1089/thy.2016.0457 PMID: 28056690

Kahaly GJ, Bartalena L, Hegedis L, Leenhardt L, Poppe K, Pearce SH. 2018 European Thyroid Associ-
ation Guideline for the Management of Graves’ Hyperthyroidism. European thyroid journal. 2018; 7
(4):167-86. https://doi.org/10.1159/000490384 PMID: 30283735

Mortimer RH, Cannell GR, Addison RS, Johnson LP, Roberts MS, Bernus |. Methimazole and pro-
pylthiouracil equally cross the perfused human term placental lobule. The Journal of clinical endocrinol-
ogy and metabolism. 1997; 82(9):3099—-102. https://doi.org/10.1210/jcem.82.9.4210 PMID: 9284751

Glinoer D, Cooper DS. The propylthiouracil dilemma. Current opinion in endocrinology, diabetes, and
obesity. 2012; 19(5):402—7. https://doi.org/10.1097/MED.0b013e3283565b49 PMID: 22820213

Kim HJ, Kim BH, Han YS, Yang |, Kim KJ, Dong SH, et al. The incidence and clinical characteristics of
symptomatic propylthiouracil-induced hepatic injury in patients with hyperthyroidism: a single-center ret-
rospective study. The American journal of gastroenterology. 2001; 96(1):165-9. https://doi.org/10.
1111/j.1572-0241.2001.03469.x PMID: 11197248

Andersen SL, Olsen J, Wu CS, Laurberg P. Birth defects after early pregnancy use of antithyroid drugs:
a Danish nationwide study. The Journal of clinical endocrinology and metabolism. 2013; 98(11):4373—
81. https://doi.org/10.1210/jc.2013-2831 PMID: 24151287

Song R, Lin H, Chen Y, Zhang X, Feng W. Effects of methimazole and propylthiouracil exposure during
pregnancy on the risk of neonatal congenital malformations: A meta-analysis. PloS one. 2017; 12(7):
e0180108. https://doi.org/10.1371/journal.pone.0180108 PMID: 28671971

Rosenfeld H, Ornoy A, Shechtman S, Diav-Citrin O. Pregnancy outcome, thyroid dysfunction and fetal
goitre after in utero exposure to propylthiouracil: a controlled cohort study. British journal of clinical phar-
macology. 2009; 68(4):609-17. https://doi.org/10.1111/j.1365-2125.2009.03495.x PMID: 19843064

Gianetti E, Russo L, Orlandi F, Chiovato L, Giusti M, Benvenga S, et al. Pregnancy outcome in women
treated with methimazole or propylthiouracil during pregnancy. Journal of endocrinological investiga-
tion. 2015; 38(9):977-85. https://doi.org/10.1007/s40618-015-0281-z PMID: 25840794

Korelitz JJ, McNally DL, Masters MN, Li SX, Xu Y, Rivkees SA. Prevalence of thyrotoxicosis, antithyroid
medication use, and complications among pregnant women in the United States. Thyroid: official journal
of the American Thyroid Association. 2013; 23(6):758-65. https://doi.org/10.1089/thy.2012.0488 PMID:
23194469

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Med. 2009; 6(7):e1000097. https://doi.org/10.1371/journal.
pmed.1000097 PMID: 19621072

LinTT, Zhang C, Zhang HQ, Wang Y, Chen L, Dennis CL, et al. Thyroid Hormone Changes in Early
Pregnancy Along With the COVID-19 Pandemic. Front Endocrinol (Lausanne). 2020; 11:606723.
https://doi.org/10.3389/fendo.2020.606723 PMID: 33365014

Sarmah S, Muralidharan P, Marrs JA. Common congenital anomalies: Environmental causes and pre-
vention with folic acid containing multivitamins. Birth defects research Part C, Embryo today: reviews.
2016; 108(3):274-86. https://doi.org/10.1002/bdrc.21138 PMID: 27718306

PLOS ONE | https://doi.org/10.1371/journal.pone.0265085 March 10, 2022 14/16


https://doi.org/10.1016/S2213-8587%2813%2970086-X
http://www.ncbi.nlm.nih.gov/pubmed/24622372
https://doi.org/10.1002/pd.5684
http://www.ncbi.nlm.nih.gov/pubmed/32181913
https://doi.org/10.1089/thy.2018.0475
http://www.ncbi.nlm.nih.gov/pubmed/30444186
http://www.ncbi.nlm.nih.gov/pubmed/25614153
https://doi.org/10.1210/er.2009-0041
http://www.ncbi.nlm.nih.gov/pubmed/20573783
https://doi.org/10.1089/thy.2016.0457
http://www.ncbi.nlm.nih.gov/pubmed/28056690
https://doi.org/10.1159/000490384
http://www.ncbi.nlm.nih.gov/pubmed/30283735
https://doi.org/10.1210/jcem.82.9.4210
http://www.ncbi.nlm.nih.gov/pubmed/9284751
https://doi.org/10.1097/MED.0b013e3283565b49
http://www.ncbi.nlm.nih.gov/pubmed/22820213
https://doi.org/10.1111/j.1572-0241.2001.03469.x
https://doi.org/10.1111/j.1572-0241.2001.03469.x
http://www.ncbi.nlm.nih.gov/pubmed/11197248
https://doi.org/10.1210/jc.2013-2831
http://www.ncbi.nlm.nih.gov/pubmed/24151287
https://doi.org/10.1371/journal.pone.0180108
http://www.ncbi.nlm.nih.gov/pubmed/28671971
https://doi.org/10.1111/j.1365-2125.2009.03495.x
http://www.ncbi.nlm.nih.gov/pubmed/19843064
https://doi.org/10.1007/s40618-015-0281-z
http://www.ncbi.nlm.nih.gov/pubmed/25840794
https://doi.org/10.1089/thy.2012.0488
http://www.ncbi.nlm.nih.gov/pubmed/23194469
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.3389/fendo.2020.606723
http://www.ncbi.nlm.nih.gov/pubmed/33365014
https://doi.org/10.1002/bdrc.21138
http://www.ncbi.nlm.nih.gov/pubmed/27718306
https://doi.org/10.1371/journal.pone.0265085

PLOS ONE

Effects of propylthiouracil on pregnancy outcomes

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Park SH, Ishino R. Liver injury associated with antidepressants. Current drug safety. 2013; 8(3):207—
23. https://doi.org/10.2174/1574886311308030011 PMID: 23914755

Yan YQ, Dong ZL, Dong L, Wang FR, Yang XM, Jin XY, et al. Trimester- and method-specific reference
intervals for thyroid tests in pregnant Chinese women: methodology, euthyroid definition and iodine sta-
tus can influence the setting of reference intervals. Clinical endocrinology. 2011; 74(2):262-9. https://
doi.org/10.1111/j.1365-2265.2010.03910.x PMID: 21044115

Lian XL, Bai Y, Xu YH, Dai WX, Guo ZS. [Effects of maternal hyperthyroidism and antithyroid drug ther-
apy on congenital malformation of newborn infants]. Zhonghua fu chan ke za zhi. 2005; 40(8):511-5.
PMID: 16202286

Wing DA, Millar LK, Koonings PP, Montoro MN, Mestman JH. A comparison of propylthiouracil versus
methimazole in the treatment of hyperthyroidism in pregnancy. American journal of obstetrics and gyne-
cology. 1994; 170(1 Pt 1):90-5. https://doi.org/10.1016/s0002-9378(94)70390-6 PMID: 8296851

Andersen SL, Lénn S, Vestergaard P, Térring O. Birth defects after use of antithyroid drugs in early
pregnancy: a Swedish nationwide study. European journal of endocrinology. 2017; 177(4):369-78.
https://doi.org/10.1530/EJE-17-0314 PMID: 28780518

Lo JC, Rivkees SA, Chandra M, Gonzalez JR, Korelitz JJ, Kuzniewicz MW. Gestational thyrotoxicosis,
antithyroid drug use and neonatal outcomes within an integrated healthcare delivery system. Thyroid:
official journal of the American Thyroid Association. 2015; 25(6):698-705. https://doi.org/10.1089/thy.
2014.0434 PMID: 25747892

Chen CH, Xirasagar S, Lin CC, Wang LH, Kou YR, Lin HC. Risk of adverse perinatal outcomes with
antithyroid treatment during pregnancy: a nationwide population-based study. BJOG: an international
journal of obstetrics and gynaecology. 2011; 118(11):1365-73. https://doi.org/10.1111/j.1471-0528.
2011.03019.x PMID: 21624036

Andersen SL, Olsen J, Wu CS, Laurberg P. Severity of birth defects after propylthiouracil exposure in
early pregnancy. Thyroid: official journal of the American Thyroid Association. 2014; 24(10):1533-40.
https://doi.org/10.1089/thy.2014.0150 PMID: 24963758

Yoshihara A, Noh J, Yamaguchi T, Ohye H, Sato S, Sekiya K, et al. Treatment of graves’ disease with
antithyroid drugs in the first trimester of pregnancy and the prevalence of congenital malformation. The
Journal of clinical endocrinology and metabolism. 2012; 97(7):2396—4083. https://doi.org/10.1210/jc.
2011-2860 PMID: 22547422

Jinping XU. Effect of propyl thiouracil on thyroid function and pregnancy outcomes in pregnant women
with hyperthyroidism[J]. Shandong Medical Journal, 2013, 53(21):68—69. (In Chinese)

GUO Jian-ping, Juan YANG, Xiang-jing XU, et al. Study on the Influence of Thyroid Function and Preg-
nancy Outcome of Propylthiouracil in theTreatment of Pregnancy Combined with Hyperthyroidism
Women[J]. Progress in Modern Biomedicine, 2014, 14(22):4359-4361. (In Chinese)

JI Chunyan ZHAO Jing.Effect of propyl thiouracil on pregnancy with hyperthyroidism and its effect on
pregnancy outcomes|[J]. Chinese Journal of Control of Endemic Diseases, 2017, 32(05):522-523. (In
Chinese)

HAO Jing YANG Yue. Correlation analysis and prevention and treatment strategy of antithyroid drugs in
pregnant women and newborn birth defects[J]. Journal of Preventive Medicine of Chinese People’s Lib-
eration Army, 2018, 36(02):254-257. (In Chinese)

Lavado-Autric R, Ausé E, Garcia-Velasco JV, Arufe Mdel C, Escobar del Rey F, Berbel P, et al. Early
maternal hypothyroxinemia alters histogenesis and cerebral cortex cytoarchitecture of the progeny. The
Journal of clinical investigation. 2003; 111(7):1073-82. https://doi.org/10.1172/JCI16262 PMID:
12671057

Visser WE, Peeters RP. Interpretation of thyroid function tests during pregnancy. Best practice &
research Clinical endocrinology & metabolism. 2020; 34(4):101431. https://doi.org/10.1016/j.beem.
2020.101431 PMID: 32863110

Andersen SL, Olsen J, Wu CS, Laurberg P. Low Birth Weight in Children Born to Mothers with Hyper-
thyroidism and High Birth Weight in Hypothyroidism, whereas Preterm Birth Is Common in Both Condi-
tions: A Danish National Hospital Register Study. European thyroid journal. 2013; 2(2):135—44. https://
doi.org/10.1159/000350513 PMID: 24783052

Saki F, Dabbaghmanesh MH, Ghaemi SZ, Forouhari S, Ranjbar Omrani G, Bakhshayeshkaram M.
Thyroid function in pregnancy and its influences on maternal and fetal outcomes. International journal of
endocrinology and metabolism. 2014; 12(4):e19378. https://doi.org/10.5812/ijem.19378 PMID:
25745488

Abdi H, Amouzegar A, Azizi F. Antithyroid Drugs. Iranian journal of pharmaceutical research: IJPR.
2019; 18(Suppl1):1-12. https://doi.org/10.22037/ijpr.2020.112892.14005 PMID: 32802086

PLOS ONE | https://doi.org/10.1371/journal.pone.0265085 March 10, 2022 15/16


https://doi.org/10.2174/1574886311308030011
http://www.ncbi.nlm.nih.gov/pubmed/23914755
https://doi.org/10.1111/j.1365-2265.2010.03910.x
https://doi.org/10.1111/j.1365-2265.2010.03910.x
http://www.ncbi.nlm.nih.gov/pubmed/21044115
http://www.ncbi.nlm.nih.gov/pubmed/16202286
https://doi.org/10.1016/s0002-9378%2894%2970390-6
http://www.ncbi.nlm.nih.gov/pubmed/8296851
https://doi.org/10.1530/EJE-17-0314
http://www.ncbi.nlm.nih.gov/pubmed/28780518
https://doi.org/10.1089/thy.2014.0434
https://doi.org/10.1089/thy.2014.0434
http://www.ncbi.nlm.nih.gov/pubmed/25747892
https://doi.org/10.1111/j.1471-0528.2011.03019.x
https://doi.org/10.1111/j.1471-0528.2011.03019.x
http://www.ncbi.nlm.nih.gov/pubmed/21624036
https://doi.org/10.1089/thy.2014.0150
http://www.ncbi.nlm.nih.gov/pubmed/24963758
https://doi.org/10.1210/jc.2011-2860
https://doi.org/10.1210/jc.2011-2860
http://www.ncbi.nlm.nih.gov/pubmed/22547422
https://doi.org/10.1172/JCI16262
http://www.ncbi.nlm.nih.gov/pubmed/12671057
https://doi.org/10.1016/j.beem.2020.101431
https://doi.org/10.1016/j.beem.2020.101431
http://www.ncbi.nlm.nih.gov/pubmed/32863110
https://doi.org/10.1159/000350513
https://doi.org/10.1159/000350513
http://www.ncbi.nlm.nih.gov/pubmed/24783052
https://doi.org/10.5812/ijem.19378
http://www.ncbi.nlm.nih.gov/pubmed/25745488
https://doi.org/10.22037/ijpr.2020.112892.14005
http://www.ncbi.nlm.nih.gov/pubmed/32802086
https://doi.org/10.1371/journal.pone.0265085

PLOS ONE

Effects of propylthiouracil on pregnancy outcomes

37.

38.

39.

40.

M,

42,

43.

Mandel SJ, Cooper DS. The use of antithyroid drugs in pregnancy and lactation. The Journal of clinical
endocrinology and metabolism. 2001; 86(6):2354-9. https://doi.org/10.1210/jcem.86.6.7573 PMID:
11397822

Morales DR, Fonkwen L, Nordeng HME. Antithyroid drug use during pregnancy and the risk of birth
defects in offspring: systematic review and meta-analysis of observational studies with methodological
considerations. British journal of clinical pharmacology. 2021; 87(10):3890-900. https://doi.org/10.
1111/bcp.14805 PMID: 33783857

LiH, Zheng J, Luo J, Zeng R, Feng N, Zhu N, et al. Congenital anomalies in children exposed to antithy-
roid drugs in-utero: a meta-analysis of cohort studies. PloS one. 2015; 10(5):e0126610. https://doi.org/
10.1371/journal.pone.0126610 PMID: 25974033

Diav-Citrin O, Ornoy A. Teratogen update: antithyroid drugs-methimazole, carbimazole, and pro-
pylthiouracil. Teratology. 2002; 65(1):38—44. https://doi.org/10.1002/tera.1096 PMID: 11835230

Aaron HH, Schneierson SJ, Siegel E. Goiter in newborn infant due to mother’s ingestion of propylthiour-
acil. Journal of the American Medical Association. 1955; 159(9):848-50. PMID: 13263131

Burrow GN, Fisher DA, Larsen PR. Maternal and fetal thyroid function. The New England journal of
medicine. 1994; 331(16):1072-8. https://doi.org/10.1056/NEJM199410203311608 PMID: 8090169

Effect of propylthiouracil on thyroid func-tion and liver function in patients with hyperthyroidism compli-
cated with pregnancy[J]. Chinese Journal of Biochemical and Pharmaceuticals, 2016, 36(02):102—104.
(In Chinese)

PLOS ONE | https://doi.org/10.1371/journal.pone.0265085 March 10, 2022 16/16


https://doi.org/10.1210/jcem.86.6.7573
http://www.ncbi.nlm.nih.gov/pubmed/11397822
https://doi.org/10.1111/bcp.14805
https://doi.org/10.1111/bcp.14805
http://www.ncbi.nlm.nih.gov/pubmed/33783857
https://doi.org/10.1371/journal.pone.0126610
https://doi.org/10.1371/journal.pone.0126610
http://www.ncbi.nlm.nih.gov/pubmed/25974033
https://doi.org/10.1002/tera.1096
http://www.ncbi.nlm.nih.gov/pubmed/11835230
http://www.ncbi.nlm.nih.gov/pubmed/13263131
https://doi.org/10.1056/NEJM199410203311608
http://www.ncbi.nlm.nih.gov/pubmed/8090169
https://doi.org/10.1371/journal.pone.0265085

