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Objective

The antenatal use of citalopram, a widely prescribed selective serotonin reuptake inhibitor, has been suspected to be
associated with congenital, particularly cardiac, anomalies. This study aimed to prove the association between citalopram
use and congenital anomalies.

Methods
We searched the English literature from July 1998 to July 2015, by using the search terms ‘citalopram’, ‘pregnancy’, ‘birth
defects’, ‘congenital anomalies’, and ‘malformations’ in PubMed, Embase, Web of Science, and the Cochrane Library.

Results

Eight eligible articles were analyzed including a total of 1,507,896 participants. The odds ratio (OR) of major
malformations associated with citalopram use during pregnancy was 1.07 (95% confidence interval [Cl], 0.98 to 1.17).
Concerning cardiac malformations, the OR for all included studies was 1.31 (95% Cl, 0.88 to 1.93). The analysis of cardiac
malformations was repeated to reduce heterogeneity after excluding one outlier study (OR, 1.03; 95% Cl, 0.84 to 1.26).

Conclusion
From our data, it can be concluded that citalopram use is not associated with major birth defects. However, physicians

should carefully weigh the benefits against the potential risks of citalopram use, and counsel patients accordingly.
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Introduction

Depression during pregnancy is highly prevalent, affecting be-
tween 10% and 16% of pregnant women. Treatment of de-
pression during the antenatal period is essential; if untreated,
a woman may not seek optimal prenatal care, and may be
more likely to make poor lifestyle choices, including smoking
and using alcohol. The result is an increased risk of premature
birth, low birth weight, and other neonatal complications, as
well as an increased risk of maternal postpartum depression
and difficulty in forming a bond with the baby [1].
Antidepressant use is common among women of childbear-
ing age. Three to six percent of pregnant women use selec-
tive serotonin reuptake inhibitors (SSRIs); however, the safety
of frequently prescribed SSRI antidepressants in pregnancy is
under debate [2]. It has been suspected that the use of some
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disorder. Citalopram is an SSRI commonly prescribed during
pregnancy. Several reports have suggested a link between
maternal exposure to citalopram and congenital malforma-
tions, particularly cardiac malformations [3-11]. Suspected
major malformations that have been linked to antenatal
citalopram use include neural tube defects (odds ratio [OR],
2.46; 95% confidence interval [Cl], 1.20 to 5.07) [10], car-
diac septal defects (OR, 2.52; 95% Cl, 1.04 to 6.10) [6],
patent ductus arteriosus (OR, 5.5; 95% Cl, 2.3 to 13.6) [7],
and birth defects previously identified to be associated with
SSRI use, such as anencephaly, craniosynostosis, and om-
phalocele (OR, 4.0; 95% Cl, 1.3 to 11.0) [3]. Despite these
potential safety issues, only one meta-analysis concerning
the safety of citalopram use in pregnancy showed that there
was no association between major congenital and cardiac
malformations and antenatal citalopram use [12]. However,
descriptions of the included studies were of poor quality and
unspecific.

Therefore, the objective of this meta-analysis was to system-
atically update and describe the available relevant data, and
to evaluate the effects of maternal exposure to citalopram
regarding associated congenital anomalies. Special attention
was given to the possible association between the use of cita-
lopram and the prevalence of major congenital and cardiac
malformations.

Materials and methods

1. Search strategy

A search of the literature from July 1998 to July 2015 was
conducted using PubMed, Embase, Web of Science, and the
Cochrane Library. The search terms included ‘citalopram’,
"pregnancy’, ‘birth defects’, ‘congenital anomalies’, and ‘'mal-
formations'.

2. Inclusion and exclusion criteria

The inclusion criteria were as follows: the identified studies
should be cohort or case-control studies in which exposure
to citalopram occurred during pregnancy including the first
trimester, and involved a control group of women unexposed
to citalopram or other SSRIs. The papers were required to
report on major malformations identified in the two groups.
Major malformations were defined as the presence of serious
or major structural defects that can have adverse effects on
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health or development. The classification followed EUROCAT
(European Network for Surveillance of Congenital Anoma-
lies) guidelines. The exclusion criteria were duplicate studies,
reviews, meta-analyses, editorials/comments, case reports,
experimental studies, trials published in languages other than
English, studies with irrelevant outcomes or topics, studies
describing breast milk exposure (not intrauterine exposure),
studies related to the use of citalopram by non-pregnant
adults, studies related to escitalopram use only (not citalo-
pram), studies describing neonatal complications other than
congenital anomalies, and studies that did not contain data
relevant to the current work (Fig. 1).

3. Study selection

Studies were selected in a staged manner. First, the titles and
the abstracts of all screened articles were examined by two
reviewers (HHK and SCH) independently. Second, the full text
of each article was reviewed for all included articles. Third, if
the suitability of the studies was doubtful, two other inde-
pendent reviewers (AKH and LEH) discussed the study selec-
tion. For a reliable review process, we checked the quality of
the reviewed papers using the systematic review appraisal
sheet in Critical Appraisal Topic (http:/Awww.cebm.net/critical-
appraisal/).

4. Data extraction

Data from the included studies were extracted and placed
into 2x2 tables. Information of particular interest included
data relating to study design, timing of exposure, control
group, country, adjustments, size of the event group, and
total number of participants. ORs, adjusted ORs, and/or 95%
Cls were also included, if available. For case-control studies,
adjusted ORs and 95% Cls were extracted without the spe-
cific number of participants.

5. Statistical analysis

Heterogeneity tests revealed a low heterogeneity among
the included studies; therefore, the fixed-effects model was
used to obtain a summary OR based on the adjusted ORs ex-
tracted from individual studies. When all six studies reporting
on the risk of cardiac malformations were tested, the hetero-
geneity was found to be too high to employ the fixed-effects
model. A single outlier was identified by using a Galbraith
plot, and this was excluded from the analysis. Finally, five
studies were used for the evaluation of the risk of cardiac
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malformations. Higgins statistics and Q-statistics were calcu-
lated to test the heterogeneity of the studies. Additionally,
Galbraith plots were used to check for heterogeneity and
to identify outliers. Funnel plot analysis was used to detect
publication bias. Although funnel plot asymmetry revealed a
moderate degree of publication bias, application of the “trim
and fill' method did not result in substantial corrections, and
the corresponding adjustments were not included in this
study. The statistical analyses were conducted by using the R
package ver. 2.15.3 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Of the 250 studies identified, eight met the criteria and were
included in the meta-analysis including two prospective co-
hort studies, four retrospective cohort studies, and two case-
control studies, for a total of 1,507,896 participants (Fig. 1).
Detailed descriptions of the included articles are presented in
Tables 1-3 [3-10].

1. Citalopram and major malformations
Six cohort studies and two case-control studies were included

Records excluded
(n=220)

Related to adult use of citalopram (n=40)

Related to escitalopram only (n=17)
Neonatal complications other than congenital

Irrelevant outcomes/topics (n=86)

Full-text articles excluded,

with reasons (n=22)
Reviews, comments, case reports (n=7)

Not confined to citalopram only (n=1)
No unexposed control group (n=1)

Related to adult use of citalopram (n=1)

Neonatal complications other than congenital

‘o
c
.g Records identified through Additional records identified
g database searching through other sources
= (n=368) (n=0)
c
]
S
-/ y \ 4
. Records after duplicates removed
(n=250)
- Reviews (n=9)
£ Meta-analyses (n=7)
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(n=250) Breast milk exposure (n=8)
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o \ 4 .
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Data source overlap (n=2)
—_J Studies included in
qualitative synthesis
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-] anomalies (n=3)
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3 Studies included in Unavailable (n=1)
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(meta-analysis)
(n=8)
—

Fig. 1. Study selection process.
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Table 1. Characteristics of the articles included in the meta-analysis

Study j;:l‘;i’] :er)l(’:)lgszf'e Control group  Country Outcome Adjustments by the authors
Malm et al. Retrospective  First No drug purchased  Finland Major Adjusted for maternal age, parity, year
(2011)[10] cohort trimester malformation/  of pregnancy ending, marital status,

cardiovascular ~ smoking during pregnancy, purchase
malformation of other reimbursed psychiatric
drugs during the first trimester, and
maternal pre-pregnancy diabetes
Reis et al. Prospective Any time All other women who Sweden  Major Infants were excluded from the
(2010) [9] cohort during gave birth malformation/  analysis if the mother had reported
pregnancy cardiovascular  taking any of the following in
malformation addition to citalopram: insulin,
antihypertensive drugs, asthma
drugs, systemic corticoids, and drugs
for thyroid disease
Adjusted for year of birth, maternal
age, parity, smoking, and body mass
index
Kornum et al.  Prospective Any time No prescriptions for ~ Denmark ~ Major Excluded women who used
(2010) [8] cohort during the drug malformation/  antiepileptic or antidiabetic drugs
pregnancy cardiovascular  Adjusted for maternal age, birth order,
malformation maternal smoking status, and birth
year
Pedersen et al. Retrospective  First No exposure Denmark  Major Excluded infants exposed to other
(2009) [6] cohort trimester malformation/  psychoactive or antidiabetic drugs
cardiovascular  Adjusted for maternal age, calendar
malformation year (1996-1998, 1999-2001,
2002-2003), marital status, income,
and smoking
Oberlander et Retrospective  First No exposure Canada  Major
al. (2008) [5]  cohort trimester malformation/
cardiovascular
malformation
Kallen et al. Retrospective  First Total population Sweden  Major Adjusted for maternal age, parity,
(2007) [4] cohort trimester malformation smoking, previous miscarriage, body
mass index, years of subfertility, and
maternal country of birth
Colvin et al. Case-control  Any time Case: womenwho ~ Western ~ Major Not reported
(2011) [7] during were dispensed Australia  malformation
pregnancy  citalopram
Control: all other
births in Australia
Alwan et al. Case-control ~ Some point ~ Case: 9,622 infants ~ USA Major Excluded infants whose mothers had
(2007) [3] before/ with birth defects malformation/  diabetes mellitus
during Control: 4,092 infants cardiovascular  Adjusted for maternal race or ethnic
pregnancy  w/o birth defects malformation group, presence or absence of ma-

ternal obesity, presence or absence
of maternal smoking, and family
income

in this analysis (Table 2) [3-10]. The results of the forest plot
meta-analysis of major malformations are presented in Fig. 2A
[3-10]. Funnel plot symmetry was used to check for publica-
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tion bias. Q-statistics and Higgins statistics indicated that the
included studies were homogeneous (P=0.6133, Higgins=0).
This result was consistent with that obtained from the Gal-
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Table 2. Odds ratios for major malformations in pregnancy with citalopram use

Citalopram Control .
Study Major Major Adjuso';ecéIOR
malformations Total malformations Total (95% Cl)
Malm et al. (2011) [10] 117 2,799 22,305 618,727 1.04 (0.86-1.25)
Reis et al. (2010) [9] 133 - - - 1.06 (0.88-1.26)
Kornum et al. (2010) [8] 36 658 7,449 213,712 4(1.0-2.0)
Pedersen et al. (2009) [6] 17 460 15,518 493,113 1.07 (0.63-1.83)
Oberlander et al. (2008) [5] 4 101 3369 107,320 0.40(-3.13-3.93)
Kallen et al. (2007) [4] 119 2,701 41,233 873,876 0.94 (0.78-1.13)
Colvin et al. (2011) [7] - - - 3(0.9-1.7)
Alwan et al. (2007) [3] - - - - .2(0.5-2.8)
OR, odds ratio; Cl, confidence interval.
Table 3. Odds ratios for cardiac malformations in pregnancy with citalopram use
Citalopram Control
Study Cardiovascular Cardiovascular Adjusot ed OR
malformations fatal malformations iatal (95% Cl)

Malm et al. (2011) [10] 45 2,799 8,137 618,727 1.06 (0.79-1.43)
Reis et al. (2010) [9] 37 - - - 0.86 (0.62-1.20)
Kornum et al. (2010) [8] 6 658 1,403 213,712 .1(0.5-2.7)
Pedersen et al. (2009) [6] 6 460 3,988 493,113 1.75(0.78-3.93)
Oberlander et al. (2008) [5] 3 101 512 107,320 .28 (0.19-4.36)
Alwan et al. (2007) [3] - - - - .5(0.6-4.0)

OR, odds ratio; Cl, confidence interval.

braith plot. Given the proven homogeneity, the included stud-
ies were combined by using the fixed-effects model. The sum-
mary OR of major malformations associated with citalopram
use during pregnancy was 1.07 (95% Cl, 0.98 to 1.17) (Fig.
2A) [3-10].

Concerning major malformations, the funnel plot was
skewed towards the right, and publication bias was suspect-
ed. To minimize this bias, the trim and fill method was used.

2. Citalopram and cardiac malformations

Five cohort studies and one case-control study were included
in this analysis (Table 3) [3,5,6,8-10]. The included studies
were not homogeneous; therefore, the random-effects model
was applied to calculate an estimate of the summary OR. The
summary OR for all included studies was 1.31 (95% Cl, 0.88
to 1.93). The analysis was repeated after excluding one outlier
study to reduce heterogeneity [2]. This allowed for the appli-
cation of the fixed-effects model; the resulting summary OR
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was 1.03 (95% Cl, 0.84 to 1.26) (Fig. 2B). The forest plot of
the latter analysis is presented in Fig. 2B [3,6,8-10].

Concerning cardiac malformations, the funnel plot was
skewed towards the left, suggesting publication bias. To mini-
mize this bias, the trim and fill method was used.

Discussion

To the best of our knowledge, this is the most updated meta-
analysis to investigate the effect of in-utero exposure to cita-
lopram on the risk of congenital anomalies. The results of the
present study do not suggest an association between the use
of citalopram during pregnancy and an increased risk of ma-
jor or cardiac malformations.

The current data are consistent with the general conclu-
sions of prior research and case reports, which suggested that
citalopram use during pregnancy is not harmful. A recent sys-
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A
Study TE seTE OR 95% CI W(fixed)
Malm 2011 [10] 0.04 00954 5 104 [0.86:125] 236%
Reis 2010 [9] 0.06 0.0916 .- 106 [089;127] 256%
Kornum 2010 (8] 0.34 0.1768  — 1.40 [0.99;1.98] 6.9%
Pedersen 2009 [6] 0.07 0.2720 .  E— 1.07 [0.63;1.82) 29%
Oberlander 2008 [5] 024 05105 E 127 [0.47; 3.46) 0.8%
Kallen 2007 [4] -006 00946 ==t 094 [078;113] 240%
Colvin 2011 [7] 0.18 0.1199 "?—'—- 120 [095;152] 150%
Alwan 2007 [3] 0.18 0.4395 H 120 [0.51,284)] 1.1%
Fixed effects model # 1.07 [0.98;1.17] 100%
Heterogeneity: Fsquared=0%, tau-squared=0, P=0.6133 !
05 1 2
B
Study TE seTE OR 95% CI Wi(fixed)
Malm 2011 [10] 0.06 0.1514 — 106 [0.79,143] 462%
Reis 2010 [9] -0.15 0.1685 — 086 [062;120] 37.3%
Kornum 2010 (8] 0.10 0.4302 + 1.10 [0.47;256) 57%
Pedersen 2009 [6] 056 04125 1.75 [0.78;3.93] 6.2%
Alwan 2007 [3] 0.41 0.4840 1.50 [0.58,;3.87] 45%
Fixed effects model ji 1.03 [0.84;1.26] 100%
Heterogeneity: Fsquared=0%, tau-squared=0, P=0.484
05 1 2

Fig. 2. Forest plot for major malformations (A) and cardiac malformations (B) (excluded: Oberlander et al., 2008 [5]). TE, estimated treatment

effect; seTE, standard error of TE; OR, odds ratio; Cl, confidence interval.

tematic meta-analysis in 2013 also indicated that citalopram
was not significantly associated with congenital malforma-
tions [12]. In their analysis on several SSRI medications, unlike
fluoxetine (OR, 1.14; 95% Cl, 1.01 to 1.3) and paroxetine (OR,
1.29; 95% Cl, 1.11 to 1.49), citalopram as analyzed in the
current analysis did not increase risk of major malformations,
including cardiac malformations. However, the meta-analysis
by Myles et al. [12] did not discuss the details of the included
studies. Although they described seven and six studies in-
cluded in the analysis for major and cardiac malformations,
respectively, any information on study details could not be
found in their text. When we compared their list of references
with ours, three studies included in our analysis [5,7,8] were
absent in the study by Myles et al. [12]. These three studies
were potentially important to draw an updated conclusion in
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our analysis, because those study results all presented higher
ORs in major malformations (ORs 1.2, 1.4, and 1.27 in Colvin
et al. [7], Kornum et al. [8], and Oberlander et al. [5], respec-
tively) although none of the studies showed any statistical
significance. Our study has an advantage in that it shows a
larger amount of focused and specific information on citalo-
pram as described in Tables 1 to 3 [3-10] compared with the
study by Myles et al. [12].

The importance of citalopram use in pregnancy has in-
creased as it gains popularity with women of reproductive
age. In a comparative analysis of 12 new-generation antide-
pressants, escitalopram and citalopram were ranked as highly
acceptable [13]. Moreover, citalopram is frequently used off-
label for anxiety, panic disorder, dysthymia, premenstrual
dysphoric disorder, body dysmorphic disorder, and obsessive-
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compulsive disorder [14-16]. The properties of citalopram,
including its highly lipophilic nature, intermediate protein
binding, and low molecular weight, enable it to cross the
placenta. The minimal association with birth defects found
in our meta-analysis may be explained by the low plasma
levels of the drug during pregnancy. When women received
a citalopram dose of 20 to 40 mg daily, the plasma concen-
trations of citalopram and metabolites were lower during
pregnancy than those found in the non-pregnant state [17].
Furthermore, neonatal plasma concentrations of citalopram
and its metabolites at delivery were only 60% of the mater-
nal plasma concentrations. It is suggested that the placental
barrier minimizes the teratogenic effect of citalopram.

Serotonin has been suggested to be important in human
development, especially cardiac and craniofacial develop-
ments [18-20]. Despite the safety concerns about the effects
of SSRIs on human development in utero, in general, these
drugs are preferred over tricyclic antidepressants for the
treatment of depression during pregnancy because they are
known to be safer and have fewer adverse effects. Among
SSRIs, citalopram is especially known to have few interac-
tions in concomitant use with other drugs and is selects for
5-hydroxytryptamine uptake inhibition [21,22]. The trough
plasma concentration of citalopram is even lower in preg-
nant women compared to non-pregnant women. This is
likely a result from volume expansion and distribution and
reduced plasma protein binding during pregnancy [23]. The
lower plasma concentration of citalopram during pregnancy
and its selectivity imply a theoretically lower teratogenicity of
this drug; however, some controversy about the association
of citalopram with birth defects such as anencephaly, cranio-
synostosis, and omphalocele, as described by Alwan et al. [3]
should be resolved. Our results support the minimal or lack
of association between citalopram use during pregnancy and
birth defects, which is consistent with the results of Myles
et al. [12]. Notably, in contrast to citalopram, the safety of
other SSRIs such as sertraline, fluoxetine, and paroxetine is
still controversial, as these drugs have been consistently as-
sociated with the following birth defects: anencephaly and
delayed ossification with sertraline; craniosysnostosis with
fluoxetine; and anencephaly, right ventricular outflow tract
obstruction defects, omphalocele, and gastroschisis with par-
oxetine [3,12].

One limitation of the present meta-analysis stems from
the unequal distribution of statistical weights, although our
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study included the most current up-to-date data. With re-
spect to the risk of cardiac malformation, the weights of two
of the studies far exceed that of the remaining studies com-
bined. This gross disproportion may undermine the validity of
the meta-analysis relating to the association with congenital
cardiac malformations. An updated meta-analysis with ex-
tended data is still needed to overcome this limitation in the
future. It is important to note that in addition to citalopram
medication, depression itself would have negative impacts
on teratogenicity before and during pregnancy. Women with
depression are less likely to undergo pregnancy counseling
and more likely to expose themselves to teratogens such as
alcohol, smoking, and illicit drugs [24]. However, it was prac-
tically difficult to differentiate the effect of depression from
that of citalopram in our analyses.

When considering the results of the current study, it should
be noted that all birth defects were categorized as major
or cardiac malformations in our meta-analysis. With such a
categorization, associations confined to a specific subset of
birth defects may have been attenuated, and could be more
difficult to detect. Thus, the weak overall association found
in the present meta-analysis may be attributable, at least
in part, to an excessive aggregation of defects. Neverthe-
less, considering the popular use of citalopram in women
with psychological problems, including depression, and the
ongoing concerns about the association between antenatal
citalopram use and congenital anomalies, we are confident
in using our data and results to counsel our patients and,
at present, there is no evidence to consider citalopram as a
teratogen for major or cardiac anomalies. In the future, more
specific case categorization according to type of birth defect
may result in outcomes that are more conclusive.

On the basis of our data, we cautiously suggest that phy-
sicians prescribe citalopram for use during pregnancy. The
general principles relating to prescriptions during pregnancy
should be applied; when prescribing citalopram, physicians
should carefully weigh the benefits against the potential risk
of congenital malformations, and counsel patients accord-

ingly.
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