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IMPORTANCE Metoclopramide, a drug frequently used for nausea and vomiting in pregnancy,
is thought to be safe, but information on the risk of specific malformations and fetal death is
lacking.

OBJECTIVE To investigate the safety of metoclopramide use in pregnancy.

DESIGN, SETTING, AND PARTICIPANTS Register-based cohort study in Denmark, 1997-2011.
From a cohort of 1 222 503 pregnancies, metoclopramide-exposed and unexposed women
were matched (1:4 ratio) on the basis of age, calendar year, and propensity scores.

MAIN OUTCOMES AND MEASURES Primary outcomes were major congenital malformations
overall, 20 individual malformation categories (selected according to power criteria),
spontaneous abortion, and stillbirth. In matched analyses, logistic regression was used to
estimate prevalence odds ratios of malformations and Cox regression to estimate hazard
ratios (HRs) of spontaneous abortion.

RESULTS Among 28 486 women exposed to metoclopramide in the first trimester, 721 had
an infant with a major congenital malformation (25.3 [95% CI, 23.5-27.1] cases per 1000
births), compared with 3024 among 113 698 unexposed women (26.6 [95% CI, 25.7-27.5] per
1000 births). There were no significant associations between metoclopramide use and
malformations overall (prevalence odds ratio, 0.93 [95% CI, 0.86-1.02]) or any of the 20
individual malformation categories, eg, neural tube defects, transposition of great vessels,
ventricular septal defect, atrial septal defect, tetralogy of Fallot, coarctation of the aorta, cleft
lip, cleft palate, anorectal atresia/stenosis, and limb reduction (upper limit of 95% CI below
2.0 for 17 of 20 categories). Metoclopramide was not associated with increased risk of
spontaneous abortion (757 cases [20.0 {95% CI, 18.5-21.4} per 1000] among 37 946
metoclopramide-exposed women and 9414 cases [62.1 {95% CI, 60.9-63.3} per 1000]
among 151 661 unexposed women; HR, 0.35 [95% CI, 0.33-0.38]) and stillbirth (142 cases
[3.5 {95% CI, 2.9-4.1} per 1000] among 40 306 metoclopramide-exposed women and 634
cases [3.9 {95% CI, 3.6-4.2} per 1000] among 161 098 unexposed women; HR, 0.90 [95%
CI, 0.74-1.08]).

CONCLUSIONS AND RELEVANCE Metoclopramide use in pregnancy was not associated with
increased risk of major congenital malformations overall, any of the 20 individual
malformation categories assessed, spontaneous abortion, or stillbirth. These safety data may
help inform decision making when treatment with metoclopramide is considered in
pregnancy.
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M ore than 50% of pregnant women experience nau-
sea and vomiting, which typically present in early
pregnancy.1,2 The care of most women is managed

conservatively, but 10% to 15% of those with nausea and vom-
iting will eventually receive drug treatment.2,3 Metoclo-
pramide is often recommended if treatment with an antihis-
tamine or vitamin B6 has failed.2,4 Despite metoclopramide
being one of the most commonly used prescription medica-
tions in pregnancy,5,6 data on the safety of its use in preg-
nancy are limited. The published analytical studies, which in-
clude 5 cohort studies with a total of 4261 women exposed in
pregnancy and 1 case-control study with a total of 15 metoclo-
pramide-exposed cases of congenital malformation, have not
found significantly increased risks of major adverse preg-
nancy and fetal outcomes.3,6-10 Although these findings are gen-
erally reassuring and indicate that metoclopramide does not
increase the risk of congenital malformations when these out-
comes are assessed in aggregate, malformations are a hetero-
geneous group of disorders and preferably should be studied
individually.11 Furthermore, no sufficiently powered study has
investigated the risk of fetal death associated with metoclo-
pramide exposure in pregnancy.

We used nationwide administrative and health care reg-
isters in Denmark to investigate associations between meto-
clopramide use in pregnancy and serious adverse outcomes.
The primary outcomes were major congenital malforma-
tions, spontaneous abortion, and stillbirth. For the outcome
of malformations, we studied malformations overall and those
individual defects that fulfilled a prespecified power crite-
rion. Secondary outcomes were preterm birth, low birth weight,
and small for gestational age (SGA).

Methods
Cohort
We conducted a register-based cohort study, including all preg-
nancies in Denmark with delivery dates or dates of abortive
outcome January 1, 1997, through March 31, 2011. Individual-
level information was obtained from nationwide registers and
linked using unique personal identifiers. The cohort was con-
structed by identifying all singleton live births and stillbirths
in the Medical Birth Register12 and pregnancies with abortive
outcomes in the National Patient Register13; subsequently,
using information on the gestational age at which these events
occurred, we could define the onset of pregnancy (ie, the first
day of the last menstrual period) and hence follow the cohort
from pregnancy onset. Analyses of fetal death outcomes were
based on all pregnancies in the cohort, whereas analyses of mal-
formations, preterm birth, low birth weight, and SGA were
based on live births. The data sources for this study, which also
included the National Prescription Registry,14 the Central Per-
son Register,15 and Statistics Denmark, are described in the
eMethods in the Supplement.

We excluded pregnancies for which information on ges-
tational age was missing or implausible (<22 and >45 weeks for
births, >22 weeks for spontaneous abortions), pregnancies with
multiple records on overlapping dates, and women diag-

nosed with cancer within 6 months prior to pregnancy onset
(who are more likely to use metoclopramide for an indication
unrelated to pregnancy and to experience adverse pregnancy
and fetal events). For the analyses of spontaneous abortion and
stillbirth, we also excluded women whose abortions oc-
curred at a gestational age of less than 6 completed weeks of
gestation (many early pregnancy losses are not recognized clini-
cally; thus, these outcomes would have been subject to mis-
classification) and those exposed to metoclopramide within
the first 6 weeks (follow-up for these outcomes started in week
7; consequently, inclusion of the first 6 weeks would have in-
troduced immortal time). For analyses involving birth weight,
we excluded pregnancies for which this information was miss-
ing. The study was approved by the Danish Data Protection
Agency; ethics approval was not required.

Metoclopramide
We identified prescriptions for metoclopramide dispensed to
women in the cohort from the National Prescription Registry,
with the timing of exposure defined by the prescription fill date.
The exposure time windows were the first trimester (preg-
nancy start through 12 gestational weeks) for the analyses of mal-
formations; start of week 7 through week 22 for spontaneous
abortion; start of week 7 until birth for stillbirth; before 37 weeks
for preterm birth; and any time in pregnancy for low birth weight
and SGA. Unexposed women were those who did not use meto-
clopramide throughout the respective exposure time window.
Women who had filled metoclopramide prescriptions within 1
month before pregnancy onset were excluded.

Outcomes
Cases of major congenital malformations diagnosed within
the first year of life were identified from the National Patient
Register and defined according to the EUROCAT (European
Surveillance of Congenital Anomalies) classification
(eMethods in the Supplement).16 Validation studies of the
register have showed that registrations were correct for 88%
of malformations overall and 90% of cardiac defects.17,18

Because drug exposure is unlikely to give rise to malforma-
tions for which another cause is known, we excluded infants
with chromosomal aberrations, genetic syndromes, malfor-
mation syndromes with known causes, and viral infections
having a possible association with malformations (eMethods
in the Supplement). The outcome of major malformations
overall was defined as the first registered diagnosis of any
major malformation. For individual malformations, we
included those for which a 2.5-fold relative risk increase was
detectable at 90% power (5% α level; power calculations were
performed using OpenEpi version 3.01 [openepi.com]).
Assuming the cohort would include 28 000 exposed and
112 000 unexposed pregnancies (data from preliminary
analyses), this would require a minimal expected prevalence
of 0.3 malformation cases per 1000 births among unexposed
pregnancies. In the background nationwide study cohort, we
then assessed the prevalence of 53 individual malformation
categories from the EUROCAT classification16 and of poten-
tial interest; this generated 20 categories that fulfilled the
power criterion (eTable 2 in the Supplement).
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Cases of spontaneous abortion (fetal death occurring
through 22 gestational weeks) were identified in the National
Patient Register; validation showed that registrations were cor-
rect for 99% of diagnoses of spontaneous abortion.19 Cases of
stillbirth (fetal loss after 22 completed weeks), preterm birth
(delivery before 37 completed weeks), low birth weight (<2500
g), and SGA (lowest 10th percentile of the gestational age-
specific birth weight in the cohort) were identified from the
Medical Birth Register.

Statistical Analyses
Our strategy for control of potential confounders included
matching based on age, calendar year, and propensity scores,
which accounted for baseline characteristics at pregnancy on-
set, and multivariate adjustment, which controlled for expo-
sures occurring during pregnancy. The propensity scores were
estimated using logistic regression as the probability of meto-
clopramide exposure given all baseline characteristics (de-
tails on variables are reported in eTable 3 in the Supplement);
additionally, all 2-way interactions between demographic vari-
ables were included in the scores. Variables with missing val-
ues (0%-3.3% missing; eTable 3 in the Supplement) were im-
puted using the mode value.20 We used the nearest-neighbor
matching algorithm (caliper width 0.2 of the standard devia-
tion of the logit score)21,22 to match each exposed pregnancy
to up to 4 unexposed pregnancies according to age (5-year cat-
egories), calendar year, and propensity score. In analyses of
fetal death, the risk of which is highly dependent on gesta-
tional age, we also used gestational age at first day of meto-
clopramide exposure as a matching criterion for each wom-
an; ie, unexposed pregnancies that had survived through this
date were eligible as matches.

The balance achieved by matching was assessed by check-
ing standardized differences between groups before and af-
ter matching. Any given characteristic was considered well bal-
anced if the standardized difference was less than 10%. The
number of pregnancies varied according to the specific analy-
sis (different exposure time windows and eligibility criteria);
consequently, a distinct matched subcohort was created for
each analysis. Estimates for final models in these matched co-
horts were additionally adjusted for hospitalization for hyper-
emesis gravidarum or nausea and vomiting (proxy measure of
severity) and use of other antiemetics during pregnancy
(eMethods in the Supplement).

For analyses of spontaneous abortion and stillbirth, we gen-
erated survival curves using the Kaplan-Meier method and
used Cox proportional hazards regression to estimate hazard
ratios (HRs). Gestational age was the underlying time metric.
Censoring criteria were an abortive outcome other than spon-
taneous abortion (eg, ectopic pregnancy, induced abortion) in
the analysis of spontaneous abortion and any abortive out-
come in the stillbirth analysis. The proportional hazards as-
sumption was assessed using a Wald test for the interaction
between treatment status and gestational age in weeks. For the
analyses of malformations, preterm birth, low birth weight, and
SGA, logistic regression was used to estimate prevalence odds
ratios (ORs). SAS version 9.2 (SAS Institute Inc) was used for
all analyses.

Preplanned sensitivity analyses included analyses of
adverse outcomes according to the number of filled pre-
scriptions (assuming that women refilling prescriptions are
more likely to have used the prescribed drug); analysis of
malformations overall, with the exposure time window
restricted to the period of maximal susceptibility to terato-
genic agents (gestational weeks 4 to 10)23; analyses of mal-
formations, including malformations among terminated
pregnancies and stillbirths (subcohort from April 2004
onward; details in eMethods in the Supplement); and,
because nausea and vomiting are associated with decreased
risk of spontaneous abortion24,25 (which could introduce
confounding by indication), analyses of spontaneous abor-
tion comparing pregnancies exposed to metoclopramide
with those exposed to antiemetic antihistamines (propen-
sity score-adjusted analysis).

Differences were considered statistically significant
when the 95% CIs did not overlap 1.0 and when P < .05
(2-tailed).

Results
Cohort
From a total of 1 377 217 potentially eligible pregnancies,
1 222 503 were included in the study cohort (Figure 1). Of these,
45 002 (3.7%) were exposed to metoclopramide. The first pre-
scription was filled at approximately 8 weeks (ie, a median of
57 gestational days [interquartile range, 47-75 days]), and ex-
posed women were dispensed a median of 40 doses (inter-
quartile range, 30-40 doses) during pregnancy (ie, correspond-
ing to 13 days of treatment). Subsequent application of inclusion
criteria, exposure time windows, and matching specific to each
analysis of individual outcomes generated 5 subcohorts
(Figure 1). For all matched subcohorts, the exposed and un-
exposed groups were well balanced on baseline characteris-
tics (Table 1; eTable 5 and eFigure in the Supplement). Among
pregnant women exposed to metoclopramide, between 10.9%
and 12.5% (depending on the exposure time window) were hos-
pitalized for hyperemesis or nausea and vomiting during preg-
nancy and 3.2% to 4.0% used another prescription anti-
emetic, compared with 0.6% to 0.8% and 0.3% to 0.5%,
respectively, among unexposed women (Table 1; eTable 5 in
the Supplement)

Primary Outcomes
Congenital Malformations
Figure 2 shows the matched analyses of major congenital mal-
formations, with and without additional adjustment for hos-
pitalization for hyperemesis or nausea and vomiting and use
of other antiemetics. The matched cohort included 28 486 live-
born infants exposed to metoclopramide in the first trimester
of pregnancy and 113 698 unexposed infants. Of these, 721
among the exposed infants (25.3 [95% CI, 24.5-27.1] per 1000
births) and 3024 among the unexposed infants (26.6 [25.7-
27.5] per 1000 births) were diagnosed with any major malfor-
mation during the first year of life (adjusted prevalence OR,
0.93 [95% CI, 0.86-1.02]).
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In the analyses of individual malformation categories,
there were no significant associations between metoclo-
pramide use in the first trimester and any of the 20 malfor-
mations; the upper limits of the CIs in these analyses were
below 2.0 in 17 of 20 analyses and below 2.6 in the remain-
ing 3 analyses.

Spontaneous Abortion
The matched cohort for the analysis of spontaneous abor-
tion included 37 946 metoclopramide-exposed pregnancies,
151 661 unexposed pregnancies, and a total of 10 171 cases.
The Kaplan-Meier curves showed a lower cumulative inci-
dence of spontaneous abortion among metoclopramide-

Figure 1. Study Flow

1 222 503 Pregnancies in study cohort
881 945 Live births

4082 Stillbirths
118 330 Spontaneous abortions
218 146 Other abortive pregnancy outcome

189 607 Included in age-, 
calendar year–,
propensity score–,
and gestational age–
matched analysis of
spontaneous abortion

37 946 Exposed
(wk 7-22)

151 661 Unexposed

183 747 Included in age-, 
calendar year–, and
propensity score–
matched analysis of
preterm birth

36 839 Exposed
(wk 0-37)

146 908 Unexposed

201 404 Included in age-,
calendar year–,
propensity score–, 
and gestational age–
matched analysis of
stillbirth

40 306 Exposed (wk
7 to birth)

161 098 Unexposed

142 454 Included in age-,
calendar year–, and
propensity score–
matched analysis of 
major congenital
malformations

28 486 Exposed (first
trimester)

113 968 Unexposed

183 880 Included in age-,
calendar year–, and
propensity score–
matched analyses
of low birth weight
and small for
gestational age
36 864 Exposed

(wk 0 to birth)
147 016 Unexposed

1 217 820 Unmatched cohort
for analysis of
spontaneous abortion

37 958 Exposed
(wk 7-22)

1 179 862 Unexposed

881 945 Unmatched cohort
for analysis of
preterm birth

36 859 Exposed
(wk 0-37)

845 086 Unexposed

1 217 820 Unmatched cohort
for analysis of
stillbirth

40 319 Exposed
(wk 7 to
birth)

1 177 501 Unexposed

879 235 Unmatched cohort
for analysis of
major congenital
malformations

28 505 Exposed (first
trimester)

850 730 Unexposed

877 739 Unmatched cohort for
analyses of low birth
weight and small for
gestational age

36 879 Exposed (wk
0 to birth)

840 860 Unexposed

Propensity score
estimation and 1:4 matching

Propensity score
estimation and 1:4 matching

Propensity score
estimation and 1:4 matching

Propensity score
estimation and 1:4 matching

Propensity score
estimation and 1:4 matching

1 028 213 Excluded (no match)
12 Exposed

1 028 201 Unexposed

698 198 Excluded (no match)
20 Exposed

698 178 Unexposed

1 016 416 Excluded (no match)
13 Exposed

1 016 403 Unexposed

736 781 Excluded (no match)
19 Exposed

736 762 Unexposed

693 859 Excluded (no match)
15 Exposed

693 844 Unexposed

4683 Excluded (metoclopramide
exposure within 6 wk after
pregnancy onset)

2710 Excluded (birth defects
with chromosomal
aberrations, known causes)

4206 Excluded (missing birth
weight)

23 121 Pregnancies excludeda

21 007 Gestational age <6 completed wk at
time of abortive pregnancy outcome

1704 Metoclopramide use within 1 mo
prior to pregnancy

465 Cancer within 6 mo prior to pregnancy

131 593 Records excludeda

112 980 Multiple records on overlapping dates
40 033 Missing or implausible gestational age

1 377 217 Records identified from Danish Medical Birth
Register and Danish National Patient Register
(January 1997-March 2011)
893 297 Singleton live births and stillbirths
483 920 Pregnancies with abortive outcome

1 245 624 Potentially eligible pregnancies

1 222 503 Pregnancies ending in live birth,
stillbirth, or abortive outcome

881 945 Pregnancies ending in live birth

aValues do not sum to total because some pregnancies were excluded for more than 1 reason.
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Table 1. Characteristics of Women Included in Matched Analyses of Congenital Malformations, Spontaneous Abortion, and Stillbirth, Denmark,
January 1997-March 2011a

Characteristic

Time Window of Exposure to Metoclopramide, %b

First Trimester (Included in
Analysis of Congenital

Malformations)
7 to 22 wk (Included in Analysis of

Spontaneous Abortion)
7 wk to Birth (Included in

Analysis of Stillbirth)
Exposed

(n = 28 486)
Unexposed

(n = 113 968)
Exposed

(n = 37 946)
Unexposed

(n = 151 661)
Exposed

(n = 40 306)
Unexposed

(n = 161 098)

Age at pregnancy onset, mean (SD) 28.9 (4.8) 28.9 (4.8) 28.7 (5.2) 28.7 (5.3) 28.7 (5.2) 28.8 (5.2)

Place of birth

Denmark 76.1 76.0 77.0 77.0 77.3 77.2

Europe 2.3 2.1 2.4 2.2 2.4 2.2

Other 21.6 22.0 20.6 20.9 20.3 20.6

County of residence

Capital 29.8 30.0 31.1 30.9 30.7 30.8

Mid Jutland 23.4 23.8 22.3 22.5 22.4 22.6

North Jutland 9.8 9.5 9.9 9.8 10.1 9.9

Sealand 13.5 13.3 13.8 13.6 13.7 13.6

Southern Denmark 23.4 23.3 22.8 23.0 22.9 23.0

Married or living with partner 86.4 86.9 81.6 83.3 81.6 83.5

Level of education

Primary school 30.3 29.6 32.4 31.9 32.3 31.8

Secondary school 9.9 10.0 10.0 9.8 9.9 9.7

Vocational or short tertiary education 36.9 37.2 36.0 36.4 36.1 36.5

Medium or long tertiary education 22.9 23.2 21.6 21.9 21.7 22.1

Gross household income, quintile

1 18.7 18.5 22.5 21.5 22.5 21.4

2 24.2 23.8 23.7 23.5 23.5 23.5

3 22.2 22.2 20.9 21.3 21.0 21.4

4 19.3 19.7 18.1 18.5 18.1 18.6

5 15.6 15.7 14.9 15.1 14.9 15.1

Calendar year

1997-1999 19.0 19.2 19.4 19.6 19.7 19.9

2000-2002 22.9 22.8 22.8 22.6 22.9 22.7

2003-2005 22.8 22.7 22.3 22.4 22.1 22.1

2006-2008 19.9 19.9 19.8 19.9 19.8 19.8

2009-March 2011 15.4 15.4 15.6 15.5 15.6 15.5

Pregnancy history

Parity

1 38.4 39.0 35.7 37.0 35.9 37.1

2 14.2 13.8 14.8 14.0 14.7 14.0

≥3 4.9 4.5 5.4 4.8 5.4 4.7

Malformation in previous pregnancy 5.5 4.9 NA NA NA NA

Spontaneous abortion in previous pregnancy NA NA 14.8 13.8 NA NA

Stillbirth in previous pregnancy NA NA NA NA 0.4 0.4

Smoking during pregnancy 13.5 12.2

Medical history

Diabetes mellitus 1.2 1.0 1.2 1.0 1.3 1.0

Medication use in past 3 mo

PPI/H2 blocker 2.3 2.0 2.2 1.9 2.2 1.9

NSAID 7.9 7.2 7.8 7.2 7.8 7.2

Antimigraine drug 2.1 1.9 2.0 1.8 2.0 1.8

In vitro fertilization drug 3.5 2.9 3.3 3.1 3.3 3.1

(continued)
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exposed pregnancies compared with unexposed pregnan-
c ies ( log-rank P < .001); this difference was most
pronounced in weeks 7 through 14 of gestation, whereas
curves were similar in weeks 15 through 22 (Figure 3). In the
planned Cox model (follow-up weeks 7-22), the adjusted HR
was 0.35 (95% CI, 0.33-0.38) (unadjusted HR, 0.32 [95%
0.30-0.35]); however, the proportional hazards assumption
was not fulfilled. Post hoc, follow-up was therefore divided
into 3 strata; inverse associations between metoclopramide
use and spontaneous abortion were observed in weeks 7
through 11 and 12 through 16 (although the proportional
hazards assumption was not fulfilled for weeks 12 through
16), whereas there was no association in weeks 17 through
22 (Figure 3).

Stillbirth
The matched analysis of stillbirth included 142 cases among
40 306 metoclopramide-exposed pregnancies (3.5 [95% CI, 2.9-
4.1] per 1000) and 634 cases among 161 098 unexposed preg-
nancies (3.9 [95% CI, 3.6-4.2] per 1000). Metoclopramide was
not associated with increased risk of stillbirth (adjusted HR,
0.90 [95% CI, 0.74-1.08]; the proportional hazards assump-
tion was fulfilled [P = .87]).

Secondary Outcomes
There were no significant associations between metoclo-
pramide use in pregnancy and preterm birth, low birth weight,
and SGA (Table 2).

Sensitivity Analyses
Table 3 shows results of sensitivity analyses testing assump-
tions related to definitions of exposure and outcomes. In analy-
ses according to the number of filled prescriptions (assuming
women who refilled prescriptions were more likely to have
taken the medication), estimates for all outcomes were simi-
lar between women who filled 1 prescription and those who
filled 2 or more. The adjusted prevalence OR for congenital mal-
formations overall was similar to that of the primary analysis
when restricting the exposure time window to the period of
maximal susceptibility to teratogenic agents.

In a subcohort that also included malformation cases
among induced abortions and stillbirths, the adjusted preva-
lence OR for congenital malformations overall was similar to
that from the primary analysis, based on live births alone. This
analysis was repeated for those individual malformations (of
the 20 assessed in this study) for which the proportion termi-
nated is greater than 10% in Denmark26; adjusted prevalence

Table 1. Characteristics of Women Included in Matched Analyses of Congenital Malformations, Spontaneous Abortion, and Stillbirth, Denmark,
January 1997-March 2011a (continued)

Characteristic

Time Window of Exposure to Metoclopramide, %b

First Trimester (Included in
Analysis of Congenital

Malformations)
7 to 22 wk (Included in Analysis of

Spontaneous Abortion)
7 wk to Birth (Included in

Analysis of Stillbirth)
Exposed

(n = 28 486)
Unexposed

(n = 113 968)
Exposed

(n = 37 946)
Unexposed

(n = 151 661)
Exposed

(n = 40 306)
Unexposed

(n = 161 098)

Health care utilization

Hospital admissions in past y

1-2 10.2 9.2 10.1 9.1 10.1 9.2

≥3 10.9 10.0 11.3 10.0 11.6 10.3

Outpatient hospital contacts in past y

1-2 15.6 14.4 15.5 14.5 15.6 14.7

≥3 16.4 15.4 16.5 15.4 16.6 15.4

Prescription drugs in past 6 mo

1-2 42.7 43.1 42.6 42.8 42.4 42.5

3-4 19.6 19.0 19.5 19.2 19.6 19.3

≥5 10.8 9.8 10.8 10.0 11.0 10.4

Exposures during pregnancyc,d

Hospital admission for hyperemesis or nausea
and vomiting

11.0 0.6 10.9 0.6 11.2 0.8

Use of other antiemeticse 3.2 0.3 3.6 0.4 3.7 0.5

Abbreviations: H2 blocker, histamine-2 receptor blocker; NSAID, nonsteroidal
anti-inflammatory drug; NA, not applicable; PPI, proton pump inhibitor.
a Each metoclopramide-exposed pregnancy was matched to up to 4 unexposed

pregnancies on the basis of age, calendar year, and propensity score; cohorts
for analyses of miscarriage and stillbirth were also matched on gestational age
at first day of metoclopramide exposure.

b Characteristics shown as percentages (because of rounding, percentages may
not total 100) current at pregnancy onset, unless stated otherwise.
Socioeconomic variables are current at the start of the year of pregnancy
onset. Calendar year refers to year of delivery or fetal loss. Information on
smoking was not available for pregnancies ending in spontaneous abortion or
stillbirth, and this variable was hence not included in the analyses of fetal
death. In each analysis, history of the studied outcome in previous pregnancy

was included in the propensity score, but history of other adverse outcomes
was not; eg, the propensity score for the subcohort of pregnancies included in
the analysis of congenital malformation includes history of malformation in
previous pregnancy but not history of spontaneous abortion and stillbirth (this
is why these are designated NA). eTable 5 in the Supplement shows the
characteristics of women included in matched analyses of preterm birth, low
birth weight, and small for gestational age; eTable 4A and B in the Supplement
shows characteristics before matching for all exposure time windows.

c Variable not included in propensity score.
d Exposure within the respective exposure time window.
e Antihistamines, ondansetron, scopalamine, and domperidone.
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Figure 3. Association Between Metoclopramide Exposure in Pregnancy and Spontaneous Abortion
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unexposed pregnancies on the basis
of age, calendar year, propensity
score, and gestational age at first day
of metoclopramide exposure. Each
tick indicates the number of
completed gestational weeks; eg, 7
weeks equals 49 days.aAdjusted
hazard ratios from analysis of
matched cohort with adjustment for
hospitalization for hyperemesis
gravidarum or nausea and vomiting
and use of other antiemetics. Wald
tests for interaction between
treatment status and gestational age
as assessment of proportional
hazards assumptions were: P = .10 for
weeks 7 through 11, P < .001 for
weeks 12 through 16, P = .98 for
weeks 17 through 22, and P < .001 for
weeks 7 through 22.

Figure 2. Association Between Metoclopramide Exposure in the First Trimester of Pregnancy and Major Congenital Malformationsa

5.01.00.2
Adjusted Prevalence
Odds Ratio (95% CI)

Unexposed
(n = 113 698)

Malformation Category

Prevalence
Odds Ratio
(95% CI)b

Adjusted Prevalence
Odds Ratio
(95% CI)cNo.

No. (95% CI)
per 1000 Births

Exposed
(n = 28 486)

No. (95% CI)
per 1000 BirthsNo.

3024 26.6 (25.7-27.5)721 25.3 (23.5-27.1)Major malformations overall 0.95 (0.88-1.03) 0.93 (0.86-1.02)
62 0.55 (0.41-0.68)14 0.49 (0.23-0.75)Neural tube defects 0.90 (0.50-1.61) 0.81 (0.43-1.50)
55 0.48 (0.36-0.61)11 0.39 (0.16-0.61)Hydrocephalus 0.80 (0.42-1.53) 0.81 (0.42-1.58)
49 0.43 (0.31-0.55)10 0.35 (0.13-0.57)Congenital cataract 0.81 (0.41-1.61) 0.72 (0.35-1.50)
44 0.39 (0.27-0.50)7 0.25 (0.06-0.43)Transposition of great vessels 0.63 (0.29-1.41) 0.65 (0.28-1.48)

386 3.39 (3.06-3.73)82 2.88 (2.26-3.50)Ventricular septal defect 0.85 (0.67-1.08) 0.77 (0.60-1.00)
377 3.32 (2.98-3.65)83 2.91 (2.29-3.54)Atrial septal defect 0.88 (0.69-1.11) 0.86 (0.67-1.10)

30 0.26 (0.17-0.36)10 0.35 (0.13-0.57)Tetralogy of Fallot 1.33 (0.65-2.72) 1.12 (0.51-2.43)
84 0.74 (0.58-0.90)24 0.84 (0.51-1.18)Pulmonary valve stenosis 1.14 (0.72-1.08) 1.17 (0.73-1.86)
46 0.40 (0.29-0.52)15 0.53 (0.26-0.79)Coarctation of aorta 1.30 (0.73-2.33) 1.28 (0.70-2.35)

147 1.29 (1.08-1.50)31 1.09 (0.71-1.47)Cleft lip with or without cleft palate 0.84 (0.57-1.24) 0.81 (0.54-1.22)
67 0.59 (0.45-0.73)15 0.53 (0.26-0.79)Cleft palate 0.89 (0.51-1.56) 0.91 (0.51-1.62)
44 0.39 (0.27-0.50)8 0.28 (0.09-0.48)Anorectal atresia and stenosis 0.73 (0.34-1.54) 0.77 (0.36-1.66)

213 1.87 (1.62-2.12)68 2.39 (1.82-2.96)Congenital hydronephrosis 1.28 (0.97-1.68) 1.18 (0.89-1.58)
302 5.14 (4.57-5.72)58 4.39 (3.27-5.52)Hypospadiasd 0.85 (0.64-1.13) 0.84 (0.63-1.12)

56 0.49 (0.36-0.62)13 0.46 (0.21-0.70)Limb reduction 0.93 (0.51-1.69) 0.99 (0.53-1.83)
205 1.80 (1.56-2.05)42 1.47 (1.03-1.92)Club foot 0.82 (0.59-1.14) 0.78 (0.55-1.10)

76 0.67 (0.52-0.82)20 0.70 (0.39-1.01)Polydactyly 1.05 (0.64-1.72) 0.99 (0.59-1.67)
76 0.67 (0.52-0.82)17 0.60 (0.31-0.88)Syndactyly 0.89 (0.53-1.51) 0.88 (0.51-1.52)
91 0.80 (0.64-0.96)19 0.67 (0.37-0.97)Craniosynostosis 0.83 (0.51-1.37) 0.80 (0.48-1.35)
38 0.33 (0.23-0.44)13 0.46 (0.21-0.70)Congenital skin disorders 1.37 (0.73-2.56) 1.32 (0.68-2.54)

a Each metoclopramide-exposed pregnancy was matched to up to 4 unexposed
pregnancies on the basis of age, calendar year, and propensity score. Infants
underwent follow-up until age 1 year to identify major congenital
malformations.

b Analyses of matched cohort with no further adjustment.

c Analyses of matched cohort with adjustment for hospitalization for
hyperemesis gravidarum or nausea and vomiting and use of other antiemetics
in the first trimester.

d Analysis performed in boys; rates are among boy offspring (of 13 201 exposed
and 50 704 unexposed to metoclopramide).
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ORs for neural tube defects, hydrocephalus, anorectal atresia
and stenosis, and limb reduction were all similar to those from
the primary analyses, although the estimates were less pre-
cise.

To explore if the inverse association between metoclo-
pramide exposure and spontaneous abortion observed in the
primary analysis could be explained by confounding by indi-
cation, we compared metoclopramide-exposed pregnancies

Table 2. Association Between Metoclopramide Exposure in Pregnancy and Preterm Birth, Low Birth Weight, and Small for Gestational Agea

Outcome

Exposed Unexposed Prevalence OR (95% CI)

Partici-
pants,

No.

Events Partici-
pants,

No.

Events

Unadjustedb AdjustedcNo.
No. (95% CI) per

1000 Births No.
No. (95% CI) per

1000 Births
Preterm birth 36 839 1852 50.3 (48.0-52.5) 146 908 7213 49.1 (48.0-50.2) 1.03 (0.97-1.08) 0.98 (0.93-1.04)

Low birth weight 36 864 1270 34.5 (32.6-36.3) 147 016 4985 33.9 (33.0-34.8) 1.02 (0.95-1.08) 0.98 (0.92-1.05)

Small for gestational age 36 864 3697 100.3 (97.2-103.4) 147 016 14 452 98.3 (96.8-99.8) 1.02 (0.98-1.06) 1.00 (0.96-1.04)

Abbreviation: OR, odds ratio.
a Each metoclopramide-exposed pregnancy was matched to up to 4 unexposed

pregnancies on the basis of age, calendar year, and propensity score. The expo-
sure time windows were pregnancy start to week 37 for the outcome of preterm
birth and any time in pregnancy for the outcomes involving birth weight. Preterm
birth was defined as delivery before 37 completed gestational weeks, low birth

weight as less than 2500 g, and small for gestational age as the lowest 10th per-
centile of the gestational age–specific birth weight within the cohort.

b Analysis of matched cohort with no further adjustment.
c Analysis of matched cohort with adjustment for hospitalization for hyperemesis

gravidarum or nausea and vomiting and use of other antiemetics in pregnancy.

Table 3. Sensitivity Analyses of Metoclopramide Exposure in Pregnancy and Adverse Outcomes

Analysis Participants No.

Events
Adjusted Measure of

Association (95% CI)aNo.
No. (95% CI) per 1000

Participants

According to number of filled prescriptions

Major congenital malformations overall

Metoclopramide

1 prescription 21 137 544 25.7 (23.6-27.9) 0.95 (0.86-1.04)b

≥2 prescriptions 7349 177 24.1 (20.6-27.6) 0.88 (0.75-1.03)b

Unexposed 113 698 3024 26.6 (25.7-27.5) 1 [Reference]

Spontaneous abortion

Metoclopramide

1 prescription 37 946 645 17.0 (15.7-18.3) 0.35 (0.32-0.38)b

≥2 prescriptions 7683 112 14.6 (11.9-17.3) 0.36 (0.30-0.44)b

Unexposed 151 661 9414 62.1 (60.9-63.3) 1 [Reference]

Stillbirth

Metoclopramide

1 prescription 40 306 116 2.9 (2.4-3.4) 0.93 (0.76-1.14)b

≥2 prescriptions 8154 26 3.2 (2.0-4.4) 0.76 (0.51-1.13)b

Unexposed 161 098 634 3.9 (3.6-4.2) 1 [Reference]

Preterm birth

Metoclopramide

1 prescription 28 446 1421 50.0 (47.4-52.5) 0.99 (0.93-1.05)b

≥2 prescriptions 8393 431 51.4 (46.6-56.1) 0.98 (0.89-1.09)b

Unexposed 146 908 7213 49.1 (48.0-50.2) 1 [Reference]

Low birth weight

Metoclopramide

1 prescription 28 479 966 33.9 (31.8-36.0) 0.97 (0.91-1.05)b

≥2 prescriptions 8385 304 36.3 (32.3-40.3) 1.01 (0.90-1.15)b

Unexposed 147 016 4985 33.9 (33.0-34.8) 1 [Reference]

Small for gestational age

Metoclopramide

1 prescription 28 479 2808 98.6 (95.1-102.1) 0.99 (0.94-1.03)b

≥2 prescriptions 8385 889 106.0 (99.4-112.6) 1.05 (0.98-1.13)b

Unexposed 147 016 14 452 98.3 (96.8-99.8) 1 [Reference]

(continued)
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with those exposed to antihistamine antiemetics. Overall (fol-
low-up weeks 7-22), metoclopramide was inversely associ-
ated with spontaneous abortion; because the proportional haz-
ards assumption was not fulfilled, the follow-up period was
divided into 3 strata: metoclopramide was associated with sig-
nificantly lower risk of spontaneous abortion in weeks 7
through 11 but not weeks 12 through 16 and 17 through 22.

Discussion

This register-based cohort study included more than 40 000
women exposed to metoclopramide in pregnancy and found
that use of this drug was not associated with significantly in-
creased risk of major congenital malformations overall, spon-

Table 3. Sensitivity Analyses of Metoclopramide Exposure in Pregnancy and Adverse Outcomes (continued)

Analysis Participants No.

Events
Adjusted Measure of

Association (95% CI)aNo.
No. (95% CI) per 1000

Participants

Metoclopramide exposure in gestational weeks 4 to 10

Major congenital malformations overall

Metoclopramide 23 352 584 25.0 (23.0-27.0) 0.93 (0.84-1.02)b

Unexposed 113 698 3024 26.6 (25.7-27.5) 1 [Reference]

Cases of congenital malformations from induced abortions and stillbirths includedc

Major congenital malformations overall

Metoclopramide 12 187 356 29.2 (26.2-32.2) 1.00 (0.88-1.13)b

Unexposed 48 640 1421 29.2 (27.7-30.7) 1 [Reference]

Neural tube defects

Metoclopramide 12 187 8 0.66 (0.20-1.11) 0.78 (0.35-1.73)b

Unexposed 48 640 38 0.78 (0.53-1.03) 1 [Reference]

Hydrocephalus

Metoclopramide 12 187 5 0.41 (0.05-0.77) 0.78 (0.35-2.01)b

Unexposed 48 640 29 0.60 (0.38-0.81) 1 [Reference]

Anorectal atresia and stenosis

Metoclopramide 12 187 4 0.33 (0.01-0.65) 1.00 (0.34-2.96)b

Unexposed 48 640 18 0.37 (0.20-0.54) 1 [Reference]

Limb reduction

Metoclopramide 12 187 5 0.41 (0.05-0.77) 0.81 (0.29-2.21)b

Unexposed 48 640 24 0.49 (0.30-0.69) 1 [Reference]

Metoclopramide vs antiemetic antihistamine, outcome of spontaneous abortion

Wk 7 to 11

Metoclopramide 29 235 257 8.8 (7.7-9.9) 0.36 (0.26-0.51)d,e

Antihistamine 1367 39 28.5 (19.7-37.4) 1 [Reference]

Wk 12 to 16

Metoclopramide 30 996 347 11.2 (10.0-12.4) 0.78 (0.51-1.20)d,e

Antihistamine 1639 22 13.4 (7.9-19.0) 1 [Reference]

Wk 17 to 22

Metoclopramide 31 952 143 4.5 (3.7-5.2) 1.03 (0.48-2.20)d,e

Antihistamine 1885 7 3.7 (1.0-6.5) 1 [Reference]

Overall (wk 7 to 22)

Metoclopramide 37 397 747 20.0 (18.6-21.4) 0.57 (0.44-0.73)d,e

Antihistamine 2054 68 33.1 (25.4-40.8) 1 [Reference]

a For the outcomes of spontaneous abortion and stillbirth, the reported
measures of association are hazard ratios; for all other outcomes,

prevalence odds ratios.
b Analysis of matched cohort with adjustment for hospitalization for

hyperemesis gravidarum or nausea and vomiting and use of other antiemetics
in pregnancy.

c Analysis in age-, calendar year-, and propensity score-matched subcohort of
pregnancies with delivery dates or dates of pregnancy termination from April
2004 through March 2011. Characteristics of subcohort shown in eTable 6 in
the Supplement.

d Analysis of unmatched cohort of metoclopramide vs antiemetic antihistamine
(promethazine, cyclizine, and meclozine) users with adjustment for propensity
score and for hospitalization for hyperemesis gravidarum or nausea and
vomiting. Characteristics of cohort shown in eTable 7 in the Supplement.

e Wald tests for interaction between treatment status and gestational age as
assessment of proportional hazards assumptions were: P = .46 for weeks 7
through 11, P = .23 for weeks 12 through 16, and P = .43 for weeks 17 through
22, and P < .001 for weeks 7 through 22.
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taneous abortion, and stillbirth. In analyses of 20 individual
congenital malformation categories selected on the basis of
power criteria, we found no evidence of significantly in-
creased risks associated with metoclopramide use. Given the
upper limit of the CIs, more than a 2-fold relative increase in
risk for 17 of these 20 malformations could be ruled out with
high degree of certainty.

Our findings confirm those from previous studies,3,6-10

which have not identified increased risk of adverse fetal events
associated with metoclopramide use in pregnancy, and ex-
pand substantially on the body of available safety data.
Whereas previously published cohort studies total 4261 women
exposed to metoclopramide in pregnancy, the number of in-
cluded pregnancies in our study permitted analyses with pre-
cise estimation of risk for most outcomes and allowed analy-
ses of serious adverse outcomes that are rare, ie, individual
congenital malformations and stillbirth. One previous study
had the specific aim of assessing individual malformations and,
reporting case-control analyses of 3 specific entities, found no
significant association with cleft lip, cleft palate, and
hypospadias.3 However, the OR for cleft palate indicated the
possibility of increased risk (OR, 2.36 [95% CI, 0.85-6.55]; 5
metoclopramide-exposed cases). Our prevalence OR of 0.91
(95% CI, 0.51-1.62) argues against this possibility. The largest
of the published studies (3458 women exposed in the first tri-
mester) was primarily aimed at malformations overall, low birth
weight, preterm birth, and perinatal death but also included
explorative analyses of subclasses of malformations; al-
though that study reported no significant associations, ORs for
7 of 18 subclasses were nonestimable because of small
numbers.6 We included 20 individual malformation catego-
ries selected according to prespecified power criteria; these re-
quired a minimally detectable relative risk of 2.5, correspond-
ing to a background prevalence of 0.3 cases per 1000 live-
born infants. Although this strategy was applied in the interest
of conclusive estimates, less prevalent defects were not stud-
ied individually; hence, results cannot be inferred to such de-
fects. However, even if metoclopramide were associated with
some rare malformation, it is worth noting that analyses of mal-
formations overall were inconsistent with an increase in rela-
tive risk of more than 2%. Given the rate of 26.6 per 1000 among
unexposed pregnancies, this rules out an absolute increase of
more than 0.5 cases per 1000 exposed infants.

Although only 1 previous study assessed the probability
of spontaneous abortion following metoclopramide expo-
sure based on 6 cases,7 our survival analyses of this outcome
took gestational age into account and included 757 metoclo-
pramide-exposed cases. The observed inverse association be-
tween metoclopramide use and spontaneous abortion is not
unexpected and likely can be attributed to the well-
described protective association between nausea and vomit-
ing in pregnancy and spontaneous abortion; indeed, the
strength of the association between nausea and vomiting and
spontaneous abortion in previous studies was similar in mag-
nitude to the association between metoclopramide exposure
and spontaneous abortion observed in our study.24,25 The no-
tion that metoclopramide is unlikely to contribute protective
effects is further supported by our observation that the pro-

tective association was attenuated when women using meto-
clopramide were compared with those using antiemetic anti-
histamines. Thus, we conclude that these data provide
reassurance that metoclopramide was not associated with in-
creased risk of spontaneous abortion.

We observed no significant associations between meto-
clopramide use and stillbirth, preterm birth, low birth weight,
and SGA. This confirms and adds to previous results by pro-
viding data with a high precision of estimates and expands on
these results by investigating the risk of fetal growth restric-
tion, as assessed by the outcome of SGA.

Study strengths include the use of registers that provide
complete coverage of Denmark, with linkage of data on the
individual level; this permitted analyses of a large number
of exposed pregnancies with detailed information regarding
exposure, outcomes, and potential confounders. We
assumed that filling a prescription was equivalent to use of
the prescribed drug. Bias toward the null would be intro-
duced if women did not take the drugs, a possible scenario
for a drug such as metoclopramide (symptoms may have
waned by the time women fill the prescription). However,
sensitivity analyses according to the number of filled pre-
scriptions, assuming that women who refilled prescriptions
were more likely to have used the drug, gave results similar
to those from the primary analyses. Although data on the
specific indication for metoclopramide use were not avail-
able, it can be assumed that the vast majority of women
used it for nausea and vomiting; further, as a proxy for
severity, we adjusted for hospitalization for hyperemesis or
nausea and vomiting.

Our primary analyses were of malformations among live-
born infants and did not include malformations among preg-
nancies terminated antenatally. We addressed this in a sensi-
tivity analysis of a subcohort with available data on induced
abortions for fetal anomaly and found no evidence for in-
creased risk of malformations overall or of those individual mal-
formation categories for which the proportion of termination
is high. For variables with missing values, we used single-
variable imputation; this simple form of imputation may lead
to bias, especially when proportions of missing values are mod-
erate to large and values “missing at random” cannot be as-
sumed. In our study, only 6 variables had missing values, and
the proportion of missing values was less than 5%. Further-
more, from our knowledge of the sampling mechanism of the
data we believe that values “missing at random” can reason-
ably be assumed. Although we took several potential con-
founders into account through propensity score methods, data
on smoking were not available for analyses of fetal death, and
body mass index measurements were not available for any
analyses.

Conclusion
This nationwide study in Denmark assessed the safety of meto-
clopramide use in pregnancy, comparing metoclopramide-
exposed women with matched unexposed controls. With high
precision of the estimates, we observed no significantly in-
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creased risk of major malformations overall, 20 individual mal-
formation categories, spontaneous abortion, stillbirth, pre-
term birth, low birth weight, and fetal growth restriction

associated with metoclopramide use in pregnancy. As such,
this study may help inform clinical decisions when treat-
ment with metoclopramide is considered in pregnancy.
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