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Abstract

Background

Hyperthyroidism affects about 0.2%-2.7% of all pregnancies, and is commonly managed

with antithyroid drugs (ATDs). However, previous studies about the effects of ATDs on con-

genital anomalies are controversial. Therefore, the present meta-analysis was performed to

explore the risk of congenital anomalies in children exposed to ATDs in-utero.

Methods

Embase, Pubmed, Web of Knowledge, and BIOSIS Citation Index were searched to find

out studies about congenital anomalies in children exposed to ATDs in-utero reported up to

May 2014. The references cited by the retrieved articles were also searched. The relative

risks (RRs) and confidence intervals (CIs) for the individual studies were pooled by fixed ef-

fects models, and heterogeneity was analyzed by chi-square and I2 tests.

Results

Eight studies met the inclusion criteria. Exposure to propylthiouracil (PTU), methimazole/

carbimazole (MMI/CMZ), and PTU & MMI/CMZ was investigated in 7, 7 and 2 studies, re-

spectively. The pooled RR was 1.20 (95%CI: 1.02-1.42), 1.64 (95%CI: 1.39-1.92), and 1.83

(95%CI: 1.30-2.56) for congenital anomalies after exposure to PTU, MMI/CMZ, and PTU &

MMI/CMZ, respectively.

Conclusions

The meta-analysis suggests that exposure to ATDs in-utero increases the risk of congenital

anomalies. The use of ATDs in pregnancy should be limited when possible. Further re-

search is needed to delineate the exact teratogenic risk for particular congenital anomaly.
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Introduction
Clinical hyperthyroidism which is a common endocrinopathy in pregnancy affects about 0.2%-
2.7% of all pregnancies in the world [1–4]. The most common type of hyperthyroidism is
Graves’ disease. Poorly-controlled hyperthyroidism during pregnancy is associated with recur-
rent miscarriage, preeclampsia, intrauterine growth restriction, preterm delivery, low birth
weight, and haemorrhage in the postpartum period [5,6]. Therefore, hyperthyroidism in preg-
nant women should be treated appropriately. Antithyroid drugs (ATDs) including pro-
pylthiouracil (PTU), methimazole (MMI), and carbimazole (CMZ, prodrug to MMI) are the
first line treatment of hyperthyroidism in pregnant women [7,8]. These drugs have equal ef-
fects in the treatment of prenatal hyperthroidism. However, they are known to cross the
human placenta [9] and thus may affect the fetus.

Many observational studies have assessed the effects of ATDs on the occurrence of congeni-
tal anomalies, but the results are conflicting. Several case reports and some epidemiologic stud-
ies suggest that exposure to MMI/CMZ in the first trimester is associated with an increased risk
of congenital anomalies, including abdominal wall defect[10], aplasia cutis congenita[10–14],
choanal atresia[10,14–16], tracheo- oesophageal fistula[14], and omphalocele[15]. A recent
case-control study shows that prenatal exposure to PTU is associated with situs inversus dextro-
cardia, isolated unilateral kidney, and cardiac outflow tract defects [15]. The largest retrospec-
tive cohort study to date, which was conducted in Denmark, indicates that exposure to PTU,
MMI/CMZ or both in the first trimester is associated with an increased risk of congenital
anomalies[17]. However, several small- to medium- scale cohort studies do not find the associa-
tion between prenatal exposure to ATDs and increased risk of congenital anomalies[2,5,18,19].

The objective of the present meta-analysis is to investigate the effects of ATDs on congenital
anomalies, to find out whether exposure to ATDs in-utero is associated with increased risk of
congenital anomalies, and thus to provide an overall assessment of ATDs safety and give a
guideline for doctors when they prescribe these drugs to hyperthyroid pregnant women.

Materials and Methods

Data sources
Embase, Pubmed, Web of Knowledge, and BIOSIS Citation Index were searched to find out
studies about congenital anomalies in children exposed to ATDs in-utero. The studies were re-
ported between 1950 to May 2014. The keywords used to search for studies about the exposure
to ATDs were “antithyroid agents”, “antithyroid drugs”, “propylthiouracil”, “methylthioura-
cil”, “methimazole” and “carbimazole”; the keywords used to search for outcomes were “preg-
nancy outcomes”, “birth defects”, “congenital malformations”, “congenital abnormalities”,
“abnormalities-drug induced”, and “congenital anomalies”. The references cited by the re-
trieved articles were also searched manually to find out additional articles.

Study selection
In this meta-analysis, the selected studies needed to meet the following criteria: 1) Prospective
or retrospective cohort study about children whose mothers were treated for hyperthyroidism
during pregnancy; 2) Exposure to ATDs in-utero (6 months before pregnancy to the end of
pregnancy); 3) Interested outcomes were major and/or minor congenital anomalies, excluding
chromosomal anomalies and other anomalies of known aetiology; 4) Incidence of congenital
anomalies reported; 5) Studies written in any language with an English abstract.

Any study meeting a definite exclusion criterion was excluded from the meta-analysis: 1) Not
about children whose mothers were treated for hyperthyroidism during pregnancy; 2) Animal
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study; 3) Case-control study; 4)Review, letter to editor, news, editorial, commentary, or case re-
port; 5) No outcome of interest reported; 6) No control group or an inappropriate control group.

Study eligibility was determined by two reviewers, who screened all titles, abstracts of the re-
trieved citations and full papers when necessary. All inclusion criteria and no exclusion criteri-
on should be met for studies to get into the final meta-analysis.

Data extraction
Based on the preliminary screening, those studies meeting the inclusion criteria but not meet-
ing any exclusion criterion were included in the meta-analysis. Two reviewers independently
extracted information from each eligible study, including first author, publication year, study
location, study design, treatment characteristics, control cohort, outcome, numbers in the ex-
posed cohort and the control cohort, events of congenital anomalies in both cohorts, and meth-
odological quality. The methodological quality of cohort studies was assessed on basis of
Newcastle-Ottawa Scale (NOS). NOS consisted of three domains and 8 items: 4 items for selec-
tion, 1 item for comparability, and 3 items for outcome [20]. Any disagreement between the
two reviewers was solved on basis of the assessment of a third reviewer.

Statistical analysis
The pooled relative risks (RRs) and 95% confidence intervals (CIs) were calculated using the
Mantel-Haenszel fixed model or the random effects model, depending on the heterogeneity of
the included studies. Heterogeneity was assessed by both Cochran chi-square test, with
P� 0.10 as a significance level, and I2 test, with<25%, 25–50%, and>50% indicating low,
moderate and high heterogeneity respectively [21,22]. Publication bias was examined visually
from funnel plots, and formally quantified by the fail-safe N (Nfs). The fail-safe N computes
the numbers of missing studies that would bring the P-value to larger than 0.05. Sensitivity
analysis was performed to evaluate the stability and reliability of the results. Significance was
set at P< 0.05. All statistical analyses were performed using Cochrane’s Review Manager 5.0
(Oxford, England: Cochrane Collaboration).

Results

Study selection and study characteristics
Based on our search strategy, 471 articles were initially identified, with 210 from Embase, 111
from Pubmed, 114 fromWeb of Knowledge, and 36 from BIOSIS Citation Index. After remov-
al of duplicates and the initial screening, 13 potentially relevant articles were included for de-
tailed review. Five articles[10, 15,23–25] did not meet the inclusion criteria, and thus, 8 articles
[2,3,5,17–19,26,27] were included in the meta-analysis. Fig 1 shows the study selection process.

Table 1 presents the 8 articles and their characteristics. The 8 full papers addressing our re-
search issue were published between 1994 and 2013. Seven studies separately reported PTU ex-
posure cohorts[2,3,5,17,18,26,27], 7 studies reported MMI/CMZ exposure cohorts[2,3,17–
19,26,27], and 2 studies reported PTU &MMI/CMZ exposure cohorts [2,17].

Assessment of methodological quality
The overall score of methodological quality was 9 based on NOS for cohort studies, with four
stars for selection, two stars for comparability, and three stars for outcome [20]. Table 2 shows
the quality scores of the included studies.

Two studies[19,26] contained mild cohort selection bias because the exposed cohort in one
study was not well representative (hyperthyroid pregnant women exposed to ATDs in a
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hospital were selected as the exposed cohort) or because the exposure ascertainment was writ-
ten self-report without secure record or structured interview. Five studies[2,3,5,18,19] had
moderate comparability, because they did not fully adjust some confounding factors, including
thyroid status of mothers, and the type, severity and duration of maternal hyperthyroidism.
One study[26] had inferior comparability, and even did not report the maternal age in the ex-
posed cohort or the unexposed cohort. Two studies [5,19] contained mild outcome bias, be-
cause the assessment of outcome was based on self-report of the participants in one study, and
the adequacy of follow-up was not stated in the other study.

Overall effect of congenital anomalies
Eight studies reported congenital anomalies. There were totally 3894, 2993, and 285 pregnant
women exposed to PTU, MMI/CMZ and PTU &MMI/CMZ, respectively, corresponding to
1463973, 1463996 and 1446588 non-exposed pregnant women, respectively. The exposure typ-
ically started from 6 months before pregnancy to the end of pregnancy. The pooled RRs for
congenital anomalies in exposure to different ATDs in-utero are shown in Figs 2 to 4.

The pooled RR for congenital anomalies was 1.20 (95%CI 1.02–1.42) in 7 studies reporting
exposure to PTU (Fig 2), 1.64 (95%CI 1.39–1.92) in 7 studies reporting exposure to MMI/CMZ
(Fig 3); and 1.83 (95%CI 1.30–2.56) in 2 studies reporting exposure to PTU &MMI/CMZ (Fig
4). The chi-square and I2 tests for heterogeneity (P = 0.16~0.86, I2 = 0~35%) indicated that the
studies were homogeneous and could be combined, and thus the fixed effect models were ap-
plied to pool the RRs for meta-analysis of studies. All of the pooled RRs were significant, which
indicated that exposure to PTU or/and MMI/CMZ in-utero would enhance the risk of congeni-
tal anomalies compared with the case of “without exposure to ATDs in-utero”.

Publication bias
The funnel plots of PTU exposure and MMI/CMZ exposure were apparently asymmetric,
which provided an evidence of publication bias (Figs 5 and 6). But for PTU &MMI/CMZ ex-
posure, no funnel plot was performed duo to the small number of the included studies.

Fig 1. Flow chart of the study selection process.

doi:10.1371/journal.pone.0126610.g001
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The fail-safe N numbers (Nfs0.05 = 11 for PTU, Nfs0.05 = 49 for MMI/CMZ, and Nfs0.05 = 7
for PTU&MMI/CMZ) indicated that publication bias was unlikely to affect the pooled result of
MMI/CMZ, but likely to affect the pooled results of PTU and PTU&MMI/CMZ.

Sensitivity analysis
The sensitivity analyses of congenital anomalies were repeated to separately include (1) ex-
posed cohorts involving 30 or more children, (2) unexposed cohorts with no ATD and without
hyperthyroidism, and (3) studies with outcomes of major congenital anomalies. Finally, one
study [26] was removed from the first sensitivity analysis, since it only involved 28 PTU-ex-
posed children and 12 MMI/CMZ-exposed children. Three studies [18,26,27] were excluded
from the second sensitivity analysis. Two studies [2,26] were excluded from the third sensitivity
analysis. Table 3 shows the results of pooled RRs and heterogeneity from the sensitivity analy-
ses. The pooled RRs (1.55~1.64) of analysis for MMI/CMZ remained significant and were not
heterogeneous (P = 0.49~0.98, I2 = 0%), which indicated that the results of meta-analysis for
MMI/CMZ on congenital anomalies were stable. For PTU, two of the three pooled RRs
(1.19~1.27) were significant and not heterogeneous (P = 0.58~0.81, I2 = 0%), which indicated
that the results of meta-analysis for PTU on congenital anomalies were also stable.

Table 1. Characteristics of included studies.

Study Type of study Exposed cohort Unexposed cohort Duration of
exposure

Publication
year

Study
location

Subgroup Number of
anomalies/
total

Subgroup Number of
anomalies/
total

Andersen
et al

Retrospective
cohort study

PTU, MMI/
CMZ, PTU
and MMI/
CMZ

45/564, 100/
1097, 16/159

No ATD and
without
hyperthyroidism

45982/
811730

6 months before
pregnancy to the
end of the 10th

gestational week

2013 Denmark

Korelitz et al Retrospective
cohort study

PTU, MMI,
PTU and MMI

66/915, 6/
108, 14/126

No ATD and
without
thyrotoxicosis

37351/
634858

6 months before
pregnancy to the
end of pregnancy

2013 Unite
State

Yoshihara
et al

Retrospective
cohort study

PTU, MMI 26/1578, 50/
1426

No ATD but
Graves’ disease

40/2065 During the first
trimester of
pregnancy

2012 Japan

Chen et al Retrospective
cohort study

PTU, MMI 5/630, 0/73 No ATD and
without
hyperthyroidism

92/14150 During pregnancy 2011 Taiwan

Rosenfeld
et al

Retrospective
cohort study

PTU 1/80 No ATD but
exposed to
nonteratogenic
drugs

34/1066 Between the 4th

and 13th

gestational week

2009 Israel

Lian et al Retrospective
cohort study

PTU, MMI 1/28, 5/12 No ATD and with
hyperthyroidism

1/61 During the first
trimester of
pregnancy

2005 China

Gianantonio
et al

Prospective
cohort study

MMI/CMZ 8/241 No ATD but
exposed to
nonteratogenic
drugs

23/1089 During pregnancy 2001 Europe

Wing et al Retrospective
cohort study

PTU, MMI 3/99, 1/36 No ATD with/
without
hyperthyroidism

1/43 During pregnancy 1994 Unite
State

Note: One study reported the outcomes with all congenital anomalies coded in ICD-9 (Korelitz et al.), one study reported the outcomes with congenital

anomalies but without a clear definition (Lian et al.), and other 6 studies reported their outcomes with major congenital anomalies.

doi:10.1371/journal.pone.0126610.t001
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Table 2. Assessment of methodological quality by NOS.

Study Selection Comparability Outcome Total

Exposed cohort
representativeness

Non
exposed
cohort
Selection

Ascertainment
of exposure

Outcome
not
present at
start of
study

Comparability
of cohorts

Assessment
of outcome

Follow-
up long
enough

Adequacy
of follow
up

Andersen
et al

▲ ▲ ▲ ▲ ▲▲ ▲ ▲ ▲ 9

Korelitz et al ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ 8

Yoshihara
et al

▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ 8

Chen et al ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ 8

Rosenfeld
et al

▲ ▲ ▲ ▲ ▲ ▲ ▲ 7

Lian et al ▲ ▲ ▲ ▲ ▲ ▲ 6

Gianantonio
et al

▲ ▲ ▲ ▲ ▲ ▲ 6

Wing et al ▲ ▲ ▲ ▲ ▲ ▲ ▲ ▲ 8

NOS: Newcastle-Ottawa Scale

▲: One score in the item

doi:10.1371/journal.pone.0126610.t002

Fig 2. Risk of congenital anomalies for children exposed to PTU.

doi:10.1371/journal.pone.0126610.g002

Fig 4. Risk of congenital anomalies for children exposed to PTU&MMI/CMZ.

doi:10.1371/journal.pone.0126610.g004

Fig 3. Risk of congenital anomalies for children exposed to MMI/CMZ.

doi:10.1371/journal.pone.0126610.g003
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Fig 5. Funnel plot of studies exposure to PTU.

doi:10.1371/journal.pone.0126610.g005

Fig 6. Funnel plot of studies exposure to MMI/CMZ.

doi:10.1371/journal.pone.0126610.g006

Table 3. Results of sensitivity analysis.

Included studies Number of studies Effect model RR(95%CI) I2 Phet

PTU

All studies 7 Fixed effect 1.20[1.02, 1.42] 0% 0.60

Sample size not less than 30 in exposed cohorts 6 Fixed effect 1.19[1.02, 1.45] 0% 0.81

Unexposed cohorts with no ATD and without hyperthyroidism 4 Fixed effect 1.27[1.06, 1.51] 0% 0.58

Outcomes with major congenital anomalies 5 Fixed effect 1.18[0.94, 1.49] 10% 0.35

MMI/CMZ

All studies 7 Fixed model 1.64[1.39, 1.92] 35% 0.16

Sample size not less than 30 in exposed cohorts 6 Fixed effect 1.59[1.35, 1.87] 0% 0.49

Unexposed cohorts with no ATD and without hyperthyroidism 4 Fixed effect 1.55[1.29, 1.85] 0% 0.61

Outcomes with major congenital anomalies 5 Fixed effect 1.64[1.39, 1.94] 0% 0.98

Phet = P value of heterogeneity test

doi:10.1371/journal.pone.0126610.t003
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Discussion
Over the past two decades, many studies have addressed the risk of congenital anomalies in
children exposed to ATDs in-utero, but their results are conflicting and inconclusive. There are
no comprehensive data regarding the risk of congenital anomalies in children exposed to
ATDs in-utero. In this report, we use meta-analysis for the first time to synthesize the pooled
RRs of congenital anomalies after exposure to ATDs in-utero. The meta-analysis of 8 cohort
studies showed that exposure to either PTU or MMI/CMZ was associated with an increased
risk of congenital anomalies. Compared with children not exposed to ATDs in-utero, the risk
of congenital anomalies after exposure to PTU, MMI/CMZ, and PTU &MMI/CMZ was in-
creased by 20%, 64%, and 83%, respectively. The findings of our meta-analysis are coincident
with a recent systematic review[28], which concludes that both MMI and PTU used in early
pregnancy might lead to congenital anomalies in 2%-3% of the exposed children. The system-
atic review comprehensively describes the effects of ATDs on congenital anomalies reported in
previous pertinent studies, but does not report the summary findings in terms of RRs. In the
present meta-analysis, the pooled RRs more directly reflect the risks of congenital anomalies in
children exposed to ATDs in-utero.

Combining with the results of the sensitivity analyses, we consider the increased risks of
congenital anomalies as stable. Previous studies have showed that PTU is considered less tera-
togenic than MMI/CMZ, and has been recommended as the drug of choice in early pregnancy
[7,8,29,30]. Nevertheless, treatment with low dose MMI/CMZ during the second and third tri-
mesters of pregnancy should be considered owing to the association between PTU and liver in-
jury[8,30]. The results in the meta-analysis support the recommended drug treatment for
pregnant women with hyperthyroidism, and also can be applied by doctors into pre-concep-
tion counseling for reproductive aged women exposed to ATDs. During the time of planning
for pregnancy, PTU is the optimal choice for hyperthyroid women in treatment of this disease.
Those women who are already taking MMI or CMZ should better switch to PTU once they de-
cide to plan a pregnancy.

It is well-known that the biological half-lives of PTU and MMI in hyperthyroid patients are
2 h, and 6~13 h, respectively. It is generally considered that the drugs can be eliminated from
the body after 5 half-lives, and about 3% of the drugs are left in the body[31]. Therefore, the re-
sidual effects of MMI and PTU in the body would be eliminated within 3 days and 1 day, re-
spectively. In the meta-analysis, the duration of exposure covers the first trimester of
pregnancy in all of the included studies, but it is extended to 6 months before pregnancy in two
studies [2,17], and covers the entire pregnancy in three studies [3,18,19]. Some studies confirm
that the first trimester of pregnancy is the most important period for the occurrence of most
congenital anomalies[12,28]. In the risk estimation of congenital anomalies after exposure to
ATDs, we should consider the duration of exposure in the first trimester. The exposure that is
extended to 6 months before pregnancy or continues into the second and third trimesters of
pregnancy is of little or no importance.

In this study, the meta-analysis method is used to examine the association between the ex-
posure to ATDs in-utero and the occurrence of congenital anomalies, and all the included pri-
mary studies are cohort studies. In nearly all case-control studies there are severe problems
with recall bias and often large non-response rates. In addition, case-control studies and cohort
studies are two different study designs in analytical epidemiology. If the two types of studies
were both included in our meta-analysis, the heterogeneity would be intensified. Thus, case-
control studies were excluded from the meta-analysis.

As reported, maternal socio-demographic factors (e.g. age, parity, education level, and em-
ployment status)[32–34], maternal uncontrolled hyperthyroidism [35,36], maternal other
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health status[37,38], and genetic factors (e.g. parental family history, and consanguinity)[39–
42] are all associated with congenital anomalies. The meta-analysis of 8 cohort studies is com-
plicated by potential differences across studies. Besides the maternal conditions mentioned
above, enrollment strategy, measurements of outcomes, and duration of exposure are likely to
affect the true effectiveness of ATDs on congenital anomalies. Most of the included studies
have considered maternal age, three studies [3,17,18] have adjusted other maternal conditions
(parity, education level, pre-gestational disease), but few studies consider maternal thyroid sta-
tus or the dose of ATDs. Comparisons of the effects on congenital anomalies among different
drugs can well address the problem of confounders, after controlling some important factors
(e.g. maternal age, severity of hyperthyroidism, and pre-gestational health status) of those par-
ticipants in each group. The comparison of different ATDs was not conducted in any of the in-
cluded studies. Hence, such research is necessary in the future, as it would provide more
accurate information for risk estimation.

The present meta-analysis has some limitations. First, because the included studies do not
provide primary data related to particular congenital anomalies, we are unable to conduct anal-
yses by particular congenital anomalies. As reported, the use of MMI/CMZ is significantly as-
sociated with the occurrence of aplasia cutis congenita, choanal atresia, esophageal atresia, and
omphalocele [15,16,30], but the rates of these particular congenital anomalies are very low, and
most of these studies are case reports. The rates of major congenital anomalies are used in most
of the included studies, so the particular congenital anomalies previously reported are not spe-
cifically studied in the included studies. Second, the funnel plots are asymmetric, and the fail-
safe N numbers are small for PTU and PTU&MMI/CMZ, which indicates the presence of po-
tential publication bias. The publication bias might have unpredictably affected the risk estima-
tion of congenital anomalies. Due to the small number of included studies, we should be
careful in making a decision for publication bias according to the results of the funnel plots and
fail-safe N. In the meta-analysis, we comprehensively evaluated the pooled results by combin-
ing the results of funnel plots, fail-safe N and sensitivity analyses.

In conclusion, this meta-analysis suggests that exposure to ATDs in-utero increases the risk
of congenital anomalies. The use of ATDs in pregnancy should be limited when possible. Fur-
ther research is needed to delineate the exact teratogenic risk for particular
congenital anomaly.

Supporting Information
S1 Checklist. PRISMA 2009 Checklist .
(DOC)

S1 Fig. PRISMA 2009 Flow Diagram.
(DOC)

Author Contributions
Conceived and designed the experiments: HXL JFZ JYL. Performed the experiments: HXL JFZ
NF NZ QF. Analyzed the data: HXL JFZ NF. Contributed reagents/materials/analysis tools: RZ
NZ QF. Wrote the paper: HXL JFZ. Revised the manuscript: JYL HXL.

References
1. Mestman JH. Hyperthyroidism in pregnancy. Best Pract Res Clin Endocrinol Metab. 2004; 18: 267–

288. PMID: 15157840

Meta-Analysis on Congenital Anomalies in Antithyroid Drugs

PLOS ONE | DOI:10.1371/journal.pone.0126610 May 14, 2015 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126610.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0126610.s002
http://www.ncbi.nlm.nih.gov/pubmed/15157840


2. 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. 2013; 23:
758–765. doi: 10.1089/thy.2012.0488 PMID: 23194469

3. Chen CH, Xirasagar S, Lin CC, Wang LH, Kou YR, Lin HC. Risk of adverse perinatal outcomes with an-
tithyroid treatment during pregnancy: a nationwide population-based study. BJOG. 2011; 118: 1365–
1373. doi: 10.1111/j.1471-0528.2011.03019.x PMID: 21624036

4. WangW, TengW, Shan Z, Wang S, Li J, Zhu L, et al. The prevalence of thyroid disorders during early
pregnancy in China: the benefits of universal screening in the first trimester of pregnancy. Eur J Endo-
crinol. 2011; 164: 263–268. doi: 10.1530/EJE-10-0660 PMID: 21059864

5. 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. Br J Clin Pharmacol. 2009;
68: 609–617. doi: 10.1111/j.1365-2125.2009.03495.x PMID: 19843064

6. Drews K, Seremak-Mrozikiewicz A. The optimal treatment of thyroid gland function disturbances during
pregnancy. Curr Pharm Biotechnol. 2011; 12: 774–780. PMID: 21342119

7. Azizi F, Amouzegar A. Management of hyperthyroidism during pregnancy and lactation. Eur J Endocri-
nol. 2011; 164: 871–876. doi: 10.1530/EJE-10-1030 PMID: 21389085

8. Cassina M, Dona M, Di Gianantonio E, Clementi M. Pharmacologic treatment of hyperthyroidism during
pregnancy. Birth Defects Res A Clin Mol Teratol. 2012; 94: 612–619. doi: 10.1002/bdra.23012 PMID:
22511519

9. Mortimer RH, Cannell GR, Addison RS, Johnson LP, Roberts MS, Bernus I. Methimazole and pro-
pylthiouracil equally cross the perfused human term placental lobule. J Clin Endocrinol Metab. 1997;
82: 3099–3102. PMID: 9284751

10. Koenig D, Spreux A, Hieronimus S, Chichmanian RM, Bastiani F, Fénichel P, et al. Birth defects ob-
served with maternal carbimazole treatment: Six cases reported to Nice's Pharmacovigilance Center.
Ann Endocrinol (Paris). 2010; 71: 535–542. doi: 10.1016/j.ando.2010.07.001 PMID: 20934171

11. Karg E, Bereg E, Gaspar L, Katona M, Turi S. Aplasia cutis congenita after methimazole exposure in
utero. Pediatr Dermatol. 2004; 21: 491–494. PMID: 15283799

12. Ting YH, Zhou Y, Lao TT. Carbimazole embryopathy in a Chinese population: case series and literature
review. Birth Defects Res A Clin Mol Teratol. 2013; 97: 225–229. doi: 10.1002/bdra.23117 PMID:
23457082

13. Rodríguez-García C, González-Hernández S, Hernández-Martín A, Pérez-Robayna N, Sánchez R,
Torrelo A. Aplasia cutis congenita and other anomalies associated with methimazole exposure during
pregnancy. Pediatr Dermatol. 2011; 28: 743–745. doi: 10.1111/j.1525-1470.2011.01572.x PMID:
21995270

14. Bowman P, Vaidya B. Suspected spontaneous reports of birth defects in the UK associated with the
use of carbimazole and propylthiouracil in pregnancy. J Thyroid Res. 2011; 2011: 235130. doi: 10.
4061/2011/235130 PMID: 21922050

15. Clementi M, Di Gianantonio E, Cassina M, Leoncini E, Botto LD, Mastroiacovo P, et al. Treatment of hy-
perthyroidism in pregnancy and birth defects. J Clin Endocrinol Metab. 2010; 95: E337–341. doi: 10.
1210/jc.2010-0652 PMID: 20668039

16. Barbero P, Valdez R, Rodriguez H, Tiscornia C, Mansilla E, Allons A, et al. Choanal atresia associated
with maternal hyperthyroidism treated with methimazole: a case-control study. Am J Med Genet A.
2008; 146A: 2390–2395. doi: 10.1002/ajmg.a.32497 PMID: 18698631

17. Andersen SL, Olsen J, Wu CS, Laurberg P. Birth defects after early pregnancy use of antithyroid drugs:
a Danish nationwide study. J Clin Endocrinol Metab. 2013; 98: 4373–4381. doi: 10.1210/jc.2013-2831
PMID: 24151287

18. Wing DA, Millar LK, Koonings PP, Montoro MN, Mestman JH. A comparison of propylthiouracil versus
methimazole in the treatment of hyperthyroidism in pregnancy. Am J Obstet Gynecol. 1994; 170: 90–
95. PMID: 8296851

19. Gianantonio ED, Schaefer C, Mastroiacovo PP, Cournot MP, Benedicenti F, Reuvers M. Adverse ef-
fects of prenatal methimazole exposure. Teratology. 2001; 64: 262–266. PMID: 11745832

20. Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses. 2011. Available: http://
www.ohri.ca/programs/clinical_epidemio-logy/oxford.asp. Accessed May 14, 2014.

21. Brittain EH, Fay MP, Follmann DA. A valid formulation of the analysis of noninferiority trials under ran-
dom effects meta-analysis. Biostatistics. 2012; 13: 637–649. doi: 10.1093/biostatistics/kxs006 PMID:
22467938

22. Chootrakool H, Shi JQ, Yue R. Meta-analysis and sensitivity analysis for multi-arm trials with selection
bias. Stat Med. 2011; 30: 1183–1198. doi: 10.1002/sim.4143 PMID: 21538449

Meta-Analysis on Congenital Anomalies in Antithyroid Drugs

PLOS ONE | DOI:10.1371/journal.pone.0126610 May 14, 2015 10 / 11

http://dx.doi.org/10.1089/thy.2012.0488
http://www.ncbi.nlm.nih.gov/pubmed/23194469
http://dx.doi.org/10.1111/j.1471-0528.2011.03019.x
http://www.ncbi.nlm.nih.gov/pubmed/21624036
http://dx.doi.org/10.1530/EJE-10-0660
http://www.ncbi.nlm.nih.gov/pubmed/21059864
http://dx.doi.org/10.1111/j.1365-2125.2009.03495.x
http://www.ncbi.nlm.nih.gov/pubmed/19843064
http://www.ncbi.nlm.nih.gov/pubmed/21342119
http://dx.doi.org/10.1530/EJE-10-1030
http://www.ncbi.nlm.nih.gov/pubmed/21389085
http://dx.doi.org/10.1002/bdra.23012
http://www.ncbi.nlm.nih.gov/pubmed/22511519
http://www.ncbi.nlm.nih.gov/pubmed/9284751
http://dx.doi.org/10.1016/j.ando.2010.07.001
http://www.ncbi.nlm.nih.gov/pubmed/20934171
http://www.ncbi.nlm.nih.gov/pubmed/15283799
http://dx.doi.org/10.1002/bdra.23117
http://www.ncbi.nlm.nih.gov/pubmed/23457082
http://dx.doi.org/10.1111/j.1525-1470.2011.01572.x
http://www.ncbi.nlm.nih.gov/pubmed/21995270
http://dx.doi.org/10.4061/2011/235130
http://dx.doi.org/10.4061/2011/235130
http://www.ncbi.nlm.nih.gov/pubmed/21922050
http://dx.doi.org/10.1210/jc.2010-0652
http://dx.doi.org/10.1210/jc.2010-0652
http://www.ncbi.nlm.nih.gov/pubmed/20668039
http://dx.doi.org/10.1002/ajmg.a.32497
http://www.ncbi.nlm.nih.gov/pubmed/18698631
http://dx.doi.org/10.1210/jc.2013-2831
http://www.ncbi.nlm.nih.gov/pubmed/24151287
http://www.ncbi.nlm.nih.gov/pubmed/8296851
http://www.ncbi.nlm.nih.gov/pubmed/11745832
http://www.ohri.ca/programs/clinical_epidemio-logy/oxford.asp
http://www.ohri.ca/programs/clinical_epidemio-logy/oxford.asp
http://dx.doi.org/10.1093/biostatistics/kxs006
http://www.ncbi.nlm.nih.gov/pubmed/22467938
http://dx.doi.org/10.1002/sim.4143
http://www.ncbi.nlm.nih.gov/pubmed/21538449


23. Sugrue D, Drury MI. Hyperthyroidism complicating pregnancy: results of treatment by antithyroid drugs
in 77 pregnancies. Br J Obstet Gynaecol. 1980; 87: 970–975. PMID: 6159916

24. Kriplani A, Buckshee K, Bhargava VL, Takkara D, Amminib AC. Maternal and perinatal outcome in thy-
rotoxicosis complicating pregnancy. Eur J Obstet Gynecol Reprod Biol. 1994; 54: 159–163. PMID:
7523202

25. Dwarakanath CS, Ammini AC, Kriplani A, Shah P, Paul VK. Graves' Disease during pregnancy—re-
sults of antithyroid drug therapy. Singapore Med J. 1999; 40: 70–73. PMID: 10414160

26. Lian XL, Bai Y, Xu YH, Dai WX, Guo ZS. Effects of maternal hyperthyroidism and antithyroid drug thera-
py on congenital malformation of newborn infants. Chin J Obstet Gynecol. 2005; 40: 511–515. (In
Chinese)

27. Yoshihara A, Noh JY, 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. J
Clin Endocrinol Metab. 2012; 97: 2396–2403. doi: 10.1210/jc.2011-2860 PMID: 22547422

28. Laurberg P, Andersen SL. Therapy of endocrine disease: antithyroid drug use in early pregnancy and
birth defects: time windows of relative safety and high risk? Eur J Endocrinol. 2014; 171: R:13–20.

29. Ferraris S, Valenzise M, Lerone M, Divizia MT, Rosaia L, Blaid D, et al. Malformations following methi-
mazole exposure in utero: an open issue. Birth Defects Res A Clin Mol Teratol. 2003; 67: 989–992.
PMID: 14745920

30. Hackmon R, Blichowski M, Koren G. The safety of methimazole and propylthiouracil in pregnancy: a
systematic review. J Obstet Gynaecol Can. 2012; 34: 1077–1086. PMID: 23231846

31. Zhou HH. Pharmacology. Beijing: Science Press; 2007.

32. Canaku D, Toçi E, Roshi E, Burazeri G. Prevalence and factors associated with congenital malforma-
tions in tirana, Albania, during 2011–2013. Mater Sociomed. 2014; 26: 158–162. doi: 10.5455/msm.
2014.26.158-162 PMID: 25126007

33. Luo YL, Cheng YL, Gao XH, Tan SQ, Li JM, WangW, et al. Maternal age, parity and isolated birth de-
fects: a population-based case-control study in Shenzhen, China. PLoS One. 2013; 8: e81369. doi: 10.
1371/journal.pone.0081369 PMID: 24282587

34. Reefhuis J, Honein MA. Maternal age and non-chromosomal birth defects, Atlanta—1968-2000: teen-
ager or thirty-something, who is at risk? Birth Defects Res A Clin Mol Teratol. 2004; 70: 572–579.
PMID: 15368555

35. Bánhidy F, Puhó EH, Czeizel AE. Possible association between hyperthyroidism in pregnant women
and obstructive congenital abnormalities of urinary tract in their offspring—a population-based case-
control study. J Matern Fetal Neonatal Med. 2010; 24: 305–312. doi: 10.3109/14767058.2010.487142
PMID: 20504076

36. Momotani N, Ito K, Hamada N, Ban Y, Nishikawa Y, Mimura T. Maternal hyperthyroidism and congeni-
tal malformation in the offspring. Clin Endocrinol (Oxf). 1984; 20: 695–700. PMID: 6467634

37. Van Zutphen AR, Werler MM, Browne MM, Romitti PA, Bell EM, McNutt LA, et al. Maternal hyperten-
sion, medication use, and hypospadias in the National Birth Defects Prevention Study. Obstet Gynecol.
2014; 123: 309–317. doi: 10.1097/AOG.0000000000000103 PMID: 24402588

38. Vinceti M, Malagoli C, Rothman KJ, Rodolfi R, Astolfi G, Calzolari E, et al. Risk of birth defects associat-
ed with maternal pregestational diabetes. Eur J Epidemiol. 2014; 29: 411–418. doi: 10.1007/s10654-
014-9913-4 PMID: 24861339

39. Green RF, Olney RS, Reefhuis J, Botto LD, Romitti PA, National Birth Defects Prevention Study. Mater-
nal reports of family history from the National Birth Defects Prevention Study, 1997–2001. Genet Med.
2008; 10: 37–45. doi: 10.1097/GIM.0b013e31815f1def PMID: 18197055

40. Romitti PA. Utility of family history reports of major birth defects as a public health strategy. Pediatrics.
2007; 120: S71–77. PMID: 17767008

41. Stoltenberg C, Magnus P, Lie RT, Daltveit AK, Irgens LM. Birth defects and parental consanguinity in
Norway. Am J Epidemiol. 1997; 145: 439–448. PMID: 9048518

42. Stoltenberg C, Magnus P, Skrondal A, Lie RT. Consanguinity and recurrence risk of birth defects: a
population-based study. Am J Med Genet. 1999; 82: 423–428. PMID: 10069715

Meta-Analysis on Congenital Anomalies in Antithyroid Drugs

PLOS ONE | DOI:10.1371/journal.pone.0126610 May 14, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/6159916
http://www.ncbi.nlm.nih.gov/pubmed/7523202
http://www.ncbi.nlm.nih.gov/pubmed/10414160
http://dx.doi.org/10.1210/jc.2011-2860
http://www.ncbi.nlm.nih.gov/pubmed/22547422
http://www.ncbi.nlm.nih.gov/pubmed/14745920
http://www.ncbi.nlm.nih.gov/pubmed/23231846
http://dx.doi.org/10.5455/msm.2014.26.158-162
http://dx.doi.org/10.5455/msm.2014.26.158-162
http://www.ncbi.nlm.nih.gov/pubmed/25126007
http://dx.doi.org/10.1371/journal.pone.0081369
http://dx.doi.org/10.1371/journal.pone.0081369
http://www.ncbi.nlm.nih.gov/pubmed/24282587
http://www.ncbi.nlm.nih.gov/pubmed/15368555
http://dx.doi.org/10.3109/14767058.2010.487142
http://www.ncbi.nlm.nih.gov/pubmed/20504076
http://www.ncbi.nlm.nih.gov/pubmed/6467634
http://dx.doi.org/10.1097/AOG.0000000000000103
http://www.ncbi.nlm.nih.gov/pubmed/24402588
http://dx.doi.org/10.1007/s10654-014-9913-4
http://dx.doi.org/10.1007/s10654-014-9913-4
http://www.ncbi.nlm.nih.gov/pubmed/24861339
http://dx.doi.org/10.1097/GIM.0b013e31815f1def
http://www.ncbi.nlm.nih.gov/pubmed/18197055
http://www.ncbi.nlm.nih.gov/pubmed/17767008
http://www.ncbi.nlm.nih.gov/pubmed/9048518
http://www.ncbi.nlm.nih.gov/pubmed/10069715

