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Abstract

Background

Nausea and vomiting of pregnancy affects up to 80% of pregnant women, it typically occurs

during the first trimester which is the most sensitive time for environmental exposures given

organogenesis. Metoclopramide is an antiemetic drug used widely during NVP, but the find-

ings of studies evaluating its safety of use in pregnancy is inconsistent. Therefore, we con-

ducted a systematic review and meta-analysis to assess whether metoclopramide use

during first trimester of pregnancy is associated with the risk of major congenital

malformations.

Methods

The systematic search using database included Pubmed, Embase, Web of science, and

Cochrane library. Studies written in English, comprising with an exposed group and a control

group, reporting major congenital malformation as an outcome were included.

Results

Six studies assessing a total number of 33374 metoclopramide-exposed and 373498 con-

trols infants were included in this meta-analysis. No significant increase in the rate of major

congenital malformation was detected following metoclopramide use during first trimester

(OR, 1.14; 95% CI, 0.93–1.38).

Conclusions

Metoclopramide use during first trimester of pregnancy was not associated with the risk of

major congenital malformations.
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1. Introduction

Nausea and vomiting of pregnancy (NVP) is a common pregnancy-related medical condi-

tion that typically occur during the first trimester, affecting about 80% pregnant women [1].

Recurrence of NVP with subsequent pregnancies ranges from 15–81% [2]. The most severe

form of NVP, hyperemesis gravidarum (HG), characterized with intractable nausea and

vomiting, often necessitated hospitalization by leading to weight loss, electrolyte imbalance,

dehydration, nutritional deficiencies, ketonuria, even forced termination of pregnancy. The

American College of Obstetricians and Gynecologists (ACOG) and “Obstetrics Subgroup,

Chinese Society of Obstetrics and Gynecology, Chinese Medical Association” both recom-

mended vitamin B6 (pyridoxine) alone or it combined with doxylamine as the first-line

pharmacotherapy for NVP treatment, which is considered safe and effective [3,4], but a lot

of countries do not have doxylamine (such as China and Germany). Metoclopramide is a

dopamine receptor antagonist, which works via blocking the dopamine receptor in the che-

moreceptor trigger zone and depressing the vomiting center in the brain [5]. It is widely

used in NVP at the situation that a treatment with vitamin B6 or antihistamine has failed.

Since the first trimester is a sensitive period for fetal teratogenesis, the safety of medication

in this period has attracted much attention. Arvela et al found that metoclopramide crosses

the placenta rapidly at term, and it was detectable in all the umbilical arterial, venous as well

as amniotic fluid samples [6]. However, the extent of placental transfer of metoclopramide

during the other stages of pregnancy is unknown. Metoclopramide has been widely used for

treating NVP, so that even a small excess risk for adverse pregnancy outcome would make a

significant clinical implication. In recent, there are some studies evaluating the outcome of

metoclopramide use in pregnancy have inconsistent findings [7,8]. Therefore, we per-

formed a meta-analysis to provide a comprehensive assessment of the association between

metoclopramide use in first trimester and major congenital malformations. To the best of

our knowledge, this is the first meta-analysis exploring the risk of major congenital malfor-

mations and metoclopramide use in the first trimester.

2 Materials and methods

2.1 Search strategy

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) [9] guidelines to perform and report our meta-analysis. Searches were conducted

by the study authors in Pubmed, Embase, Web of science, and Cochrane library from incep-

tion to June 2021. Combinations of MeSH and text words in our search string in Pubmed.

the Embase, Web of science, and Cochrane library were searched with similar search

strings. The search string used was Metoclopramide AND (pregnancy OR pregnant OR

“congenital abnormalities” OR abnormalities OR Deformity OR “birth defect” OR defect

OR “congenital defects” OR deformity OR malformation OR teratogen). References of

selected articles were also hand searched to ensure all possible articles were captured. Two

independent reviewers performed article selections, and disagreements were resolved

through consensus.

2.2 Inclusion and exclusion criteria

All available RCTs, cohort, and case-control studies were selected. A study was considered eli-

gible if it met the following criteria: 1) Written in English; 2) Reporting human data; 3) Expo-

sure to metoclopramide during the first trimester; 4) Control groups should not be exposed to

metoclopramide; 5) Reporting major congenital malformation as an outcome; 6) The data
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reported were not overlapping with another study. The exclusion criteria were case reports,

conference abstracts, series, editorials, commentaries, reviews, and articles in other languages

than English.

2.3 Quality assessment

Two independent authors using the Newcastle-Ottawa Scale (NOS) system to assessed the

quality of each included study [10], in which a study would be evaluated with “star sys-

tem” on three broad perspectives: 1) The selection of the study groups; 2) The comparabil-

ity of the groups; 3) The ascertainment of either the exposure or outcome of interest for

case–control or cohort studies, respectively. Each study can be awarded stars at the maxi-

mum number of nine, and if a study earning 6 or higher amounts of stars were regarded

as high-quality one [11].

2.4 Outcome measures

The outcome of interest for this meta-analysis was overall major congenital malformations.

Congenital malformations can be defined as abnormalities of body structure or function

that are present at birth and are of prenatal origin. Major congenital malformations are defined

as structural changes that have significant medical, social or cosmetic consequences for the

affected individual, and typically require medical intervention. In contrast, minor congenital

malformations, although more prevalent among the population, are structural changes that

pose no significant health problem in the neonatal period and tend to have limited social or

cosmetic consequences for the affected individual [12].

2.5 Data extraction

Two authors conducted study selection and data collection independently. The following base-

line data were collected for each study: first author, publication year, study design, country,

data source, study period, inclusion criteria, control, period of pregnancy of drug use, dosage

of metoclopramide, method of congenital malformation diagnosis, malformations in women

exposed to metoclopramide, malformations in women not exposed to metoclopramide, results

relevant to this meta-analysis, quality assessment (Newcastle-Ottawa scale). Any disagreement

was resolved by discussion.

2.6 Meta-analytic methods

Statistical analysis was performed by using software Review Manager version 5.3 (RevMan,

The Cochrane Collaboration, Oxford, UK) and Stata version 14.0 (Stata Corporation, Col-

lege Station, TX). Given the outcomes were dichotomous, we choose the Mantel Haenszel

method for analyzing the outcomes in our meta-analysis. The pooled outcomes were calcu-

lated using the odds ratio (OR) with 95% confidence intervals (CI). The degree of heteroge-

neity between studies was determined by Q-statistic and inconsistency index (I2).

Depending on the heterogeneity, meta-analyses were conducted using either a fixed-effect

(FE) model or random-effect (RE) model. Lack of heterogeneity was defined as P> 0.10

and I2 < 50%. The FE model was used when there was no significant heterogeneity between

studies. In the other case, the RE model were used to combine the results [13]. Publication

bias was assessed by Begg’s test [14] and Egger test [15]. Publication bias was considered

when the P- value was < 0.05.
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3. Results

3.1 Study selection

There are 1371 references collected in the databases according to the search strategy described

in the method (Pubmed = 377, Web of science = 247, Embase = 466, Cochrane library = 281).

Two additional references were identified from handsearching [16,17]. Of these, 879 citations

remained after duplicates were removed. After title and abstract screening, 27 abstracts were

selected for full text review and 6 studies were included in this meta-analysis [7,8,18–21]. Fig 1

shows the PRISMA flow diagram of the study selection process.

3.2 Study characteristics

All 6 included studies were published between 2002 and 2021. retrospective cohort studies,

prospective cohort, observational cohort, and register-based cohort studies were included in

this meta-analysis. Six different countries contributed with data, with two studies from Den-

mark, one from Israel, Canada and Japan, and one international collaborations (Israel, Italy,

Fig 1. PRISMA flow diagram of study selection process in this meta-analysis.

https://doi.org/10.1371/journal.pone.0257584.g001
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Brazil and Canada). All included studies investigated the risk of major congenital malforma-

tion in relation with first-trimester exposure to metoclopramide. A summary of the included

studies can be seen in Table 1.

3.3 Meta-analysis of major congenital malformation rates in

metoclopramide-exposed and non-exposed (main results)

Six studies assessing a total number of 33374 metoclopramide-exposed and 373498 controls

infants were included in this meta-analysis. No significant increase in the rate of major con-

genital malformation was detected following metoclopramide use during the first trimester of

pregnancy (OR, 1.14; 95% CI, 0.93–1.38) (Fig 2).

3.4 Sensitivity analysis and publication bias assessment

The sensitivity analysis was conducted through excluding single study from the meta-analysis

at each time individually. When excluding Pasternak et al., the point estimate slightly elevated

and the statistical significance (OR, 1.24; 95% CI, 1.00–1.54) altered. No significant publication

bias was observed, representing as symmetrical Begg’s funnel plot (Fig 3) and a P value of

0.319 in Egger’s test.

4. Discussion

NVP is one of the most common pregnancy-related medical conditions. It would bring many

negative influences to pregnant woman by generating feelings (depression, isolation, helpless-

ness, fatigue) and hence affect their daily activities. [24–28]. Fiaschi et al [29] investigated the

medical records (CPRD-GOLD) from England, finding that metoclopramide was the most

commonly prescribed as second-line pharmacotherapy (11.6%) for NVP and that hospital

admissions as well as antemetic prescribing increased continuously during 1998–2013.

Another cross-sectional web-based study from Norwegian women indicated that metoclopra-

mide was the second most commonly drugs used for NVP (20.8%) [30]. In the view of the

widespread use of metoclopramide, its safety during pregnancy deserves our focus. This meta-

analysis was based on 33374 metoclopramide-exposed and 373498 non-exposed controls and

performed to investigate the association between the fetal exposure to metoclopramide during

first trimester and the risk of major congenital malformation. Our results suggested that expo-

sure to metoclopramide during the first trimester of pregnancy was not associated with the

risk of major congenital malformation.

Several strengths of our meta-analysis need be mentioned as followings: 1) To the best of

our knowledge, this study is the first comprehensive and the most current meta-analysis evalu-

ating the association between metoclopramide use in the first trimester of pregnancy and the

risk of major congenital malformations; 2) The studies used in the meta-analysis was selected

with strict criterions about the definition of major congenital malformation, such as EURO-

CAT, ICD-9 and ICD-10. Besides, most studies included in our meta-analysis were retrieved

case information from birth registries and medical center, which indicated that our data source

is reliable; 3) This meta-analysis only included studies using metoclopramide in the first tri-

mester when is a critical period for the development of most congenital malformation; 4) This

meta-analysis only included data reporting on major congenital malformations. Data report-

ing minor congenital malformation were excluded because they have fewer medical, functional

and societal consequences. It is worth to note that only cohort studies were included in this

research, which as evidence possess higher level of credibility.

In addition to cohort study, there is a case-control study examined the association between

NVP or its treatment with the most common noncardiac defects. The results showed that the
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Table 1. Characteristics of included studies in this meta-analysis.

First author/

Publication year

Berkovitch et al 2002

[18]

Matok et al 2009 [19] Pasternak et al 2013

[7]

Berard et al 2019 [8] Hishinuma et al 2021

[21]

Sakran et al 2021 [20]

Study design Prospective cohort Retrospective cohort Register-based

cohort

Prospective cohort Observational cohort Prospective cohort

Country/Data

source

Six teratogen

information centers

(one each in Italy and

Brazil and Canada and

three in Israel)

Israel

Clalit Health Services

Soroka Medical

Center

Denmark

Medical Birth

Register

National Patient

Register

Canada

Quebec Pregnancy

Cohort

Japan

1.Clinic for

“Pregnancy and

Medicine” of

Toranomon Hospital.

2.the Japan Drug

Information Institute

in Pregnancy of

National Center for

Child Health and

Development

Israel

Israeli Teratology

Information Service

(TIS)

Study period N/A 1998.1.1–2007.3.31 1997.1.1–2011.3.31 1998.1–2015.12 1988.4–2017.12 2010–2014

Inclusion criteria The women who

called 1 of 6 teratogen

information services

to obtain information

about the potential

risks of

metoclopramide use

during pregnancy.

All women 15 to 49

years of age who were

registered in Clalit

Health Services and

were living in the

Beer-Sheva district

and who had a

singleton delivery at

Soroka Medical

Center

All pregnancies in

Denmark with

delivery dates or

dates of abortive

outcome January 1,

1997, through March

31, 2011.

1. continuous

prescription drug

insurance coverage of

at least 12 months

before the 1DG and

during pregnancy and

2. pregnancies with a

liveborn singleton,

given that multiplicity

is associated with

MCMs

The women who

consulted the

Toranomon Hospital

or National Center for

Child Health and

Development

regarding the safety of

drugs during

pregnancy.

Pregnant women

counseled by the TIS in

regarded to

ondansetron in the first

trimester. The pregnant

women with NVP

treated with

metoclopramide in the

first trimester was

comparison groups.

Control The women who were

counseled at the

participating centers

during the study

period for the use of

drugs that are known

to be nonteratogenic

and nonembryotoxic.

All women who did

not take

metoclopramide

during the first

trimester over the

course of the study

period.

Did not use

metoclopramide

throughout the

respective exposure

time window.

Did not exposure to

any antiemetics during

the same time window

The pregnant women

who took control

drugs (considered to

be nonteratogenic) in

the first trimester.

Pregnant women

counseled for

nonteratogenic

exposure at a ratio of 1:4

in a similar time frame.

Period of

pregnancy of

drug use

Period between the

4th and 13th week of

gestation

The first trimester of

pregnancy (at 13

weeks’ gestation or

earlier)

The first trimester

(pregnancy start

through 12

gestational weeks)

The first trimester

(first day of the last

menstrual period 98

days of gestation)

The first trimester

(4th week to 13th

week of pregnancy)

The first trimester

Dosage of

duration

metoclopramide

The mean daily dose

of metoclopramide

(126 women out of

175) was 23 ± 10 (10

to 40) mg and the

duration of therapy

was 10 ± 10 (1 to 35)

days.

The mean (±SD)

exposure to

metoclopramide

during the first

trimester was 7.2±5.4

defined daily doses.

N/A the mean duration for

metoclopramide use

was 17.7 days

N/A N/A

Method of

congenital

malformation

diagnosis

as defined by Marden

et al [22]

The Metropolitan

Atlanta Congenital

Defects Program of

the Centers for

Disease Control and

Prevention (CDC)

EUROCAT

(European

Surveillance of

Congenital

Anomalies)

classification

ICD-9 and ICD-10

codes

EUROCAT

(European

Surveillance of

Congenital Anomalies

Guidelines for case

classification publish by

Rasmussen et al [23].

Malformations in

Women Exposed

To

Metoclopramide

7/158 major: 182/3458

minor: 133/3458de

721/28486 103/939 8/224 1/109

(Continued)
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use of metoclopramide in NVP patients in first trimester was not associated with Cleft Lip,

Cleft Palate, Hypospadias, but the number of cases contained in this case-control study was

relatively small [17]. Having included in our meta-analysis, the study of Berard et al reported

that the use of metoclopramide was statistically significantly associated with an increased risk

of overall major congenital malformations and that metoclopramide exposure was statistically

associated with the risk of genital organ defects [8]. Although this meta-analysis did not find

an association between the use of metoclopramide and the major congenital malformation, we

still need to pay enough attention to the possibility that metoclopramide may cause malforma-

tion of the reproductive system. It is also deserved to arouse attention to the adverse drug reac-

tions (ADR) of metoclopramide using during pregnancy, especially the Extrapyramidal

Symptoms (EPS), which are common ADR among patients received the treatment with dopa-

mine-receptor blocking agents. Buttino et al performed a retrospective study containing 646

pregnant women who were diagnosed as HG and received subcutaneous (s.c.) metoclopra-

mide therapy to explore the ADR of metoclopramide [31]. As a result, 29.7% patients

Table 1. (Continued)

First author/

Publication year

Berkovitch et al 2002

[18]

Matok et al 2009 [19] Pasternak et al 2013

[7]

Berard et al 2019 [8] Hishinuma et al 2021

[21]

Sakran et al 2021 [20]

Malformations in

Women Not

Exposed to

Metoclopramide

8/164 major: 3834/78245

minor: 2730/78245

3024/113698 14402/179106 27/1554 8/731

Results relevant

to this meta-

analysis

Use of

metoclopramide

during the first

trimester

Major malformation:

RR: 0.91 (0.34–2.45)

Use of

metoclopramide

during the first

trimester

Major congenital

malformations:

aOR: 1.04 (0.89–1.21)

Minor congenital

malformations:

aOR: 1.10 (0.92–1.31)

Use of

metoclopramide

during the first

trimester

Major

malformations

overall:

aOR: 0.93 (0.86–

1.02)

Use of

metoclopramide

during the first

trimester

Major congenital

malformations

aOR: 1.27 (1.03–1.57)

Genital organ defects

aOR: 2.26 (1.14–4.48)

Use of domperidone

during the first

trimester

Major malformation:

aOR:1.86(0.73–4.70)

Use of

metoclopramide

during the first

trimester

Major malformation:

aOR:2.20(0.69–6.98)

The overall rate of

major anomalies did

not significantly differ

between the groups [4/

200 = 2.0%

(ondansetron), 1/

109 = 0.9%

(metoclopramide), and

13/731 = 1.8% (NTE)].

Quality

assessment

(Newcastle-

Ottawa scale)

-���/��/���8 ���-/��/�--6 ���-/��/���8 -���/��/���8 -���/��/���8 -���/��/���-7

https://doi.org/10.1371/journal.pone.0257584.t001

Fig 2. Forest plot of the association between metoclopramide use during the first trimester and the risk of major congenital malformations.

https://doi.org/10.1371/journal.pone.0257584.g002
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experienced side effects symptoms (lethargy, site irritation, agitation) and 4.6% reported EPS.

The author further illustrated that the side effects were generally mild and were treated with

oral or intramuscular diphenhydramine and there was no long-term sequela related to treat-

ment with continuous s.c. metoclopramide. Tan et al performed a study to compare the effects

of promethazine with those of metoclopramide for HG [32]. Results showed that prometha-

zine and metoclopramide have similar therapeutic effects in patients, but the adverse effects

(drowsiness, dizziness, and dystonia) were fewer with metoclopramide. A randomized con-

trolled trail was conducted by Abas et al finding ondansetron and metoclopramide demon-

strated similar antiemetic and antinauseant effects, but adverse effects (drowsiness, xerostomia

and persistent ketonuria at 24 hours) was better with ondansetron [33]. Generally, the adverse

effects of metoclopramide using during pregnancy are mild. There are also some cases

reported the occurrence of EPS related to metoclopramide. Gokhale et al reported a case that a

newborn baby developed dystonia after whose mother received intravenous metoclopramide

as part of the pre-anesthetic medication for a lower segment (LSCS) [34]. Chua et al reported 2

cases of metoclopramide-induced acute dystonia in first trimester and speculated that it associ-

ated with the CYP2D6 poor metabolizer status [35]. Poortinga et al reported a case that a

37-year-old primigravid white woman was diagnosis as akathisia duo to the metoclopramide

therapy in her 21st week of pregnancy [36].

There are several limitations in this meta-analysis should be mentioned. Several studies in

this meta-analysis did not report the exact the exposure dose and duration information of

metoclopramide. What’s more, some data used in this meta-analysis only contained the dis-

pensed information of metoclopramide, but compliance of pregnant women to metoclopra-

mide therapy were not available. All these make the specific exposure of metoclopramide

possible deviation from the study data. In addition, heterogeneity was observed for the investi-

gated outcomes, but due to the limited data, we can’t conduct stratified analyses. The

Fig 3. Begg’s funnel polt for publication bias. Logor, the logarithmic function values of odds ratio; s.e. of logor, the

standard error of the logarithmic function values of odds ratio.

https://doi.org/10.1371/journal.pone.0257584.g003
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sensitivity analysis evaluated the effect of omitting one study at a time from each analysis. The

heterogeneity significantly declined after omission the study of Berard et al (I2 = 28%), and the

OR was changed to 1.01 (95% CI, 0.89–1.15). The OR ranged from 1.14 (95% CI, 0.93–1.38)

after omission of the study of Pasternak et al to 1.24 (95% CI, 1.00–1.54), and the heterogeneity

was also significantly declined (I2 = 38%). Therefore, these two articles may be the reason for

the high heterogeneity. However, by carefully reviewing the two full articles, we found that

both of them are of high quality and strictly meet the inclusion and exclusion criteria, so they

were not excluded.

In summary, this meta-analysis indicated that exposure to metoclopramide in the first tri-

mester of pregnancy is not associated with risk of major congenital malformation.
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