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Abstract
Background The prescription of antidepressant drugs during pregnancy has been steadily increasing for several decades. 
Meta-analyses (MAs), which increase the statistical power and precision of results, have gained interest for assessing the 
safety of antidepressant drugs during pregnancy.
Objective We aimed to provide a meta-review of MAs assessing the benefits and risks of antidepressant drug use during 
pregnancy.
Methods Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, a literature 
search on PubMed and Web of Science databases was conducted on 25 October, 2021, on MAs assessing the association 
between antidepressant drug use during pregnancy and health outcomes for the pregnant women, embryo, fetus, newborn, 
and developing child. Study selection and data extraction were carried out independently and in duplicate by two authors. 
The methodological quality of included studies was evaluated with the AMSTAR-2 tool. Overlap among MAs was assessed 
by calculating the corrected covered area. Data were presented in a narrative synthesis, using four levels of evidence.
Results Fifty-one MAs were included, all but one assessing risks. These provided evidence for a significant increase in 
the risks for major congenital malformations (selective serotonin reuptake inhibitors, paroxetine, fluoxetine, no evidence 
for sertraline; eight MAs), congenital heart defects (paroxetine, fluoxetine, sertraline; 11 MAs), preterm birth (eight MAs), 
neonatal adaptation symptoms (eight MAs), and persistent pulmonary hypertension of the newborn (three MAs). There was 
limited evidence (only one MA for each outcome) for a significant increase in the risks for postpartum hemorrhage, and with 
a high risk of bias, for stillbirth, impaired motor development, and intellectual disability. There was inconclusive evidence, 
i.e., discrepant results, for an increase in the risks for spontaneous abortion, small for gestational age and low birthweight, 
respiratory distress, convulsions, feeding problems, and for a subsequent risk for autism with an early antidepressant drug 
exposure. Finally, MAs provided no evidence for an increase in the risks for gestational hypertension, preeclampsia, and for 
a subsequent risk for attention-deficit/hyperactivity disorder. Only one MA assessed benefits, providing limited evidence 
for preventing relapse in severe or recurrent depression. Effect sizes were small, except for neonatal symptoms (small to 
large). Results were based on MAs in which overall methodological quality was low (AMSTAR-2 score = 54.8% ± 12.9%, 
[19–81%]), with a high risk of bias, notably indication bias. The corrected covered area was 3.27%, which corresponds to 
a slight overlap.
Conclusions This meta-review has implications for clinical practice and future research. First, these results suggest that 
antidepressant drugs should be used as a second-line treatment during pregnancy (after first-line psychotherapy, according 
to the guidelines). The risk of major congenital malformations could be prevented by observing guidelines that discourage 
the use of paroxetine and fluoxetine. Second, to decrease heterogeneity and bias, future MAs should adjust for maternal 
psychiatric disorders and antidepressant drug dosage, and perform analyses by timing of exposure.
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Key Points 

This meta-review of 51 meta-analyses on the benefits 
and risks of antidepressants during pregnancy, all but 
one assessing risks, found evidence for an increase in the 
risks for major congenital malformation, congenital heart 
defects, preterm birth, neonatal adaptation symptoms, 
and persistent pulmonary hypertension of the newborn. 
There was limited evidence for an increase in the risks 
for postpartum hemorrhage, and with a high risk of bias, 
for stillbirth, impaired motor development, and intel-
lectual disability. There was also limited evidence for 
preventing relapse in severe or recurrent depression.

Meta-analyses provided inconclusive evidence for an 
increase in the risks for spontaneous abortion, small for 
gestational age and low birthweight, respiratory distress, 
convulsions, feeding problems, and for a subsequent risk 
for autism with an early antidepressant exposure. There 
was no evidence for gestational hypertension, preec-
lampsia, and for subsequent risks for attention-deficit/
hyperactivity disorder.

These results suggest that anti-depressant drugs should 
be used as a second-line treatment during pregnancy 
(after first-line psychotherapy, according to the guide-
lines). Future meta-analyses should attempt to decrease 
heterogeneity and bias.

1 Introduction

The prescription of antidepressant drugs (ADs) during 
pregnancy has been steadily increasing for several decades. 
The international prevalence of selective serotonin reuptake 
inhibitor (SSRI) prescription during pregnancy is actually 
estimated at around 3% [1], with about 6–6.5% in the USA 
[2–4], 2.3–3.3% in Europe [5, 6], 1.9% in Japan [7], and 1% 
in China [8]. It is followed by serotonin and norepinephrine 
reuptake inhibitors (SNRIs) and tricyclic antidepressants 
(TCAs), at almost 1% and 0.5%, respectively [1]. Antenatal 
depression is the most common major psychiatric disorder 
during pregnancy, with an estimated worldwide prevalence 
exceeding 20% [9] (17% in Western countries [10]), and 
the leading indication for AD prescriptions [11], which are 
mostly recommended for severe forms or after first-line psy-
chotherapy [12].

However, because of safety concerns, approximately 
half of women stop taking ADs during the pre-pregnancy 

period or the first trimester of pregnancy [1, 13], leading 
to a risk of relapse of depression. Therefore, assessing the 
benefits and risks of AD use during pregnancy is a major 
issue. Numerous studies have been conducted, evidenc-
ing outcomes for the pregnant women (i.e., preeclampsia, 
hemorrhage, and depression relapse after AD discontinu-
ation), the embryo and the fetus in early pregnancy (i.e., 
spontaneous abortions, birth defects) and in late pregnancy 
(i.e., preterm birth, low birth weight), the neonate (i.e., 
withdrawal symptoms, persistent pulmonary hypertension 
of the newborn), and the developing child (autistic spec-
trum disorder, attention-deficit without or with hyperactiv-
ity disorder, impaired cognitive and motor development) 
[14–16]; these studies mainly focused on adverse drug 
reactions, showing small absolute risks, with many con-
flicting results. In this context, the use of meta-analyses 
(MAs), which increase the statistical power and precision 
of results, has gained interest for assessing the safety of 
AD prescriptions with respect to pregnant women, the 
fetus, and the newborn [17].

As a result, MAs currently represent a significant por-
tion of the literature on AD prescription during pregnancy 
[14, 18], which can be synthesized through meta-reviewing. 
The meta-review method indeed allows the synthesizing of 
evidence from multiple MAs on a given topic into a single 
available document, and hence tends to be considered the 
highest level of evidence [19].

We conducted a meta-review of MAs evaluating the ben-
efits and risks associated with AD use during pregnancy. 
We focused on outcomes for the pregnant woman, the fetus 
during the first and second half of pregnancy, the newborn, 
and the offspring. The outcomes assessed were those identi-
fied in the included MAs.

2  Methods

We used both the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines [20], and 
the Hennessy, Johnson, and Keenan (2019)’s Guidelines and 
Essential Methodological Steps to Conduct Rigorous and 
Systematic Meta-Reviews [21], the latter to address specific 
issues (i.e., datedness, overlap, quality assessment, and data 
synthesis). The review was not registered on any database, 
and a review protocol was not published.

2.1  Literature Source and Search Strategy

A literature search was conducted on PubMed and Web 
of Science databases on 25 October, 2021. To prevent 
outdatedness [21], only MAs published since 2010 were 
included. Keywords used were Medical Subject Heading 
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(MeSH) terms combined with Boolean terms: “antidepres-
sant AND pregnancy AND meta-analysis”.

Inclusion criteria were: (a) MAs of randomized con-
trolled trials, case-control studies, cohort studies, or 
population-based studies, published in English, and peer 
reviewed and (b) data on the association between AD use 
during pregnancy and health outcomes for the pregnant 
women, or between in utero AD exposure and health out-
comes for the embryo, fetus, newborn, or developing child.

Exclusion criteria were: (a) studies other than MAs; (b) 
no data on the association between AD use by pregnant 
women or in utero AD exposure and health outcomes; (c) 
period of AD use outside of pregnancy; and (d) when after 
requesting a full text, we received no reply within 3 weeks.

2.2  Screening and Data Extraction

Study selection and data extraction were carried out inde-
pendently and in duplicate by the first two authors (PD 
and LGE), using an Excel datasheet. Extracted information 
was consistent with the Participant, Intervention, Com-
parison, Outcome, and Study (PICOS) design framework 
[22]: indication of ADs, total number of included stud-
ies in MAs, trimester of prescription, classes of ADs or 
molecules studied, type of comparison group and adjust-
ments, outcomes (i.e., benefit or adverse drug reaction), 
type of included studies in MAs, main results (i.e., effect 
size [ES], mean difference [MD], odds ratio [OR], relative 
risk [RR], or hazard ratio [HR], and their 95% confidence 
interval [reported in brackets in the text and tables] with-
out and with adjustment), and heterogeneity (I2 values of 
25%, 50%, and 75% corresponded to low, medium, and 
high heterogeneity, respectively [23]). Outcomes were 
selected a priori, then adapted to those of the included 
MAs, and subdivided into five categories: (a) outcomes for 
women of AD use during pregnancy; (b) embryo or fetal 
outcomes during the first half of pregnancy, of in utero 
AD exposure; (c) fetal outcomes during the second half 
of pregnancy, of in utero AD exposure; (d) outcomes for 
the newborn of in utero AD exposure; and (e) subsequent 
outcomes for the offspring of in utero AD exposure. Dis-
crepancies were resolved by mutual agreement.

2.3  Quality Assessment of Included MAs

The methodological quality of each MA was assessed 
by the first author using the AMSTAR-2 tool [24]. 
AMSTAR-2 is a 16-item questionnaire, seven of which 
assess critical domains, validated for meta-reviews [21].

2.4  Overlap Among Included MAs

We calculated the corrected covered area (CCA) to assess 
overlap: CCA =

N−r

rc−r
 , where N is the sum of the number of 

primary studies in each MA, r is the total number of primary 
studies, and c is the number of MAs. The CCA was inter-
preted as: slight (0–5%), moderate (6–10%), high (11–15%), 
or very high (> 15%) overlap [21, 25, 26].

2.5  Data Synthesis

Data were presented in a narrative synthesis [21], using 
four levels of evidence [27]: (a) evidence: consistent posi-
tive significant effects on a specific outcome in at least one 
MA (based on at least two underlying effect studies); (b) 
limited evidence: effects on a specific outcome in at least 
one MA (based on one underlying effect study); (c) incon-
clusive evidence: inconsistent effects on a specific outcome 
because at least one MA (including at least two underly-
ing studies) shows positive significant effects, while other 
MAs included did not find such effects; and (d) no evidence: 
none of the included MAs reported significant effects on a 
specific outcome. This method was chosen retrospectively, 
as the included MAs consisted mostly of non-randomized 
controlled trials.

3  Results

The initial search generated 134 records, of which 51 MAs 
from different countries were eligible for the meta-review 
(Fig.  1, and Table S1 of the Electronic Supplementary 
Material [ESM]). Control groups, apart from specificities, 
consisted of pregnant women without AD use or embryos/
fetuses/offspring without in utero exposure to ADs. Only 
one MA reported twin or multiple pregnancies as exclusion 
criteria [28].

3.1  MAs Assessing Outcomes for Women of AD Use 
During Pregnancy

Three MAs respectively assessed the risks for depression 
relapse associated with AD discontinuation [29], gesta-
tional hypertension (hypertension onset after 20 weeks’ 
gestation) and preeclampsia (hypertension and proteinu-
ria) [30], and postpartum hemorrhage (blood loss ≥ 500 
mL after vaginal delivery or ≥ 1000 mL after cesarean 
delivery) [31], associated with AD use.
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3.1.1  Depression Relapse Following AD Discontinuation

One MA showed that the risk for depression relapse 
during pregnancy did not significantly differ between 
women who discontinued ADs during the anteconcep-
tional period (i.e., 3 months prior to pregnancy) or the 
first trimester of pregnancy, versus continued ADs [29] 
(Table S1a of the ESM). Subgroup analyses identified 
that this non-significant increase in the risk was related 
to mild-to-moderate non-recurrent depression (n = 3 
included studies), whereas the increase in the risk was 
significant for severe depression, with a medium RR, and 
only one included study [29].

3.1.2  Gestational Hypertension and Preeclampsia

One MA on SSRIs reported a significantly increased over-
all risk for gestational hypertension or preeclampsia, with 

a small RR, and high heterogeneity, persisting after adjust-
ments for main risk factors (i.e., maternal age, antecon-
ceptional body mass index, parity, diabetes mellitus, and 
smoking) [30] [Table S1b of the ESM]. The increase was 
no longer significant after adjustment for a psychiatric his-
tory or ethnicity. Subgroup analyses showed non-significant 
increases in the risks for gestational hypertension and for 
preeclampsia.

3.1.3  Postpartum Hemorrhage

One MA reported a significant increase in the risk for post-
partum hemorrhage with AD use during pregnancy, with 
a small RR and high heterogeneity [31] (Table S1c of the 
ESM). This increase persisted after adjustment for psychi-
atric history, and with current AD use, or use during the 
last month of pregnancy, and was non-significant when 
ADs were discontinued at least 1 month before birth. This 

Fig. 1  Preferred Reporting 
Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 
flow chart [20] of study selec-
tion in the systematic meta-
review. AD antidepressant drug, 
MA meta-analysis
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increase was higher for SNRIs than for both SSRIs and non-
serotonin reuptake inhibitors, and also higher for a cesarean 
birth than for a vaginal delivery (no statistical comparisons 
were performed) [31].

3.2  MAs Assessing Fetal Outcomes During the First 
Half of Pregnancy, of In Utero AD Exposure

3.2.1  Spontaneous Abortion

The risk for spontaneous abortion, defined as the unwanted 
expulsion of the fetus before viability (i.e., weighing less 
than 500 g or expelled before 22 weeks of gestation), and 
occurring in 10% of known pregnancies [32], was assessed 
in 3 MAs [33–35] (Table S1d of the ESM).

Two MAs reported an increased risk with any classes of 
ADs, with small-to-medium RRs, and with high heterogene-
ity, including when data were confined to studies conducted 
in the first trimester [33], and with SSRIs with a medium 
OR (n = 7, of which six studies focused on the first-trimester 
exposure only) [34]. The increase was significant for most 
ADs prescribed during pregnancy, with the exception of 
bupropion, i.e., citalopram, escitalopram, fluoxetine, parox-
etine, sertraline, and venlafaxine [33]. One MA found non-
significant results (n = 3, with one study focusing on the 
first-trimester exposure only) [35].

3.2.2  Major Congenital Malformations

The malformation risk was assessed in 17 MAs, which dis-
tinguished between major congenital malformations (i.e., 
non-cardiac) [Table S1e of the ESM] and congenital heart 
defects (Table S1f of the ESM) [34, 36–51]. Major congeni-
tal malformations refer to any structural defect present at 
birth, requiring surgical, medical, or cosmetic intervention, 
or having a functional impact on social acceptability [51], 
with a global birth prevalence estimated at 2% [52]. The 
teratogenic effect of ADs, like any other teratogenic agent, 
occurs during the first 3 months of development [53].

The two MAs that considered any classes of ADs found 
no significant increase in the risk for major congenital mal-
formations [36, 51], whatever the type of study design (i.e., 
prospective and retrospective cohort studies, case-control 
studies) [36]. Considering SSRIs, four MAs showed a sig-
nificantly increased risk, with small RRs and ORs [34, 43, 
44], including for SSRIs co-prescribed with benzodiazepines 
[45]. The increase was no longer significant in the only MA 
that controlled for maternal psychiatric history [44]. This 
later MA showed in subgroup analyses, without this adjust-
ment, increased risks with small-to-medium RRs, for neural 
tube defects, abdominal wall defects, and gastroschisis, but 
no increase for other major malformation other than the heart 
(i.e., ear, face and neck, urinary, digestive, musculoskeletal, 

and respiratory systems, hypospadias, limb) [44]. One 
MA focused specifically on anorectal malformations, and 
reported no elevation in the relative risk [46].

Four of the five MAs that focused on paroxetine identified 
a significantly increased risk for major congenital malfor-
mation, with small RRs and ORs [43, 44, 47, 48]; one MA 
found non-significant results [51]. The increase persisted in 
the only MA that controlled for depression [48].

Similarly, four of the five MAs that focused on fluoxetine 
identified a significantly increased risk, with small RRs and 
ORs [43, 44, 49, 51]; one MA found non-significant results 
[50]. In subgroup analyses, the increase was not significant 
for each major malformation other than the heart (i.e., eye 
and nervous, urogenital, digestive, respiratory, and mus-
culoskeletal systems) [49]. All three MAs that focused on 
sertraline found no evidence of an increased risk for major 
congenital malformations [43, 44], including organs other 
than the heart (i.e., eye, ear, face, neck, and nervous, uro-
genital, digestive, and musculoskeletal systems) [37].

Of the two MAs focusing on citalopram, one reported 
a significantly increased risk for major congenital malfor-
mation with a small RR [44], and the other did not [43]. 
Finally, one MA concluded that there was no increase in 
malformation risk with bupropion [38], an atypical AD with 
wide indications (i.e., adult depression, seasonal affective 
disorder, depression associated with bipolar disorder, anti-
depressant-induced sexual dysfunction, smoking cessation, 
attention-deficit/hyperactivity disorder [ADHD], and obe-
sity) [54].

3.2.3  Congenital Heart Defects

The global birth prevalence of congenital heart defects is 
around 1%, consisting mainly of ventricular septal defects 
[55]. Considering any classes of ADs, two MAs reported a 
significant increase in the risk for congenital heart defects 
with small RRs and ORs [39, 51], including septal defects 
[51], regardless of the study design, i.e., case-control stud-
ies, prospective cohort studies, and retrospective cohort 
studies [39]. Another MA reported non-significant results 
with both prospective retrospective cohort studies and case-
control studies [36]. Among classes of ADs, an increase in 
the risk has been found with SSRIs and SNRIs, but not with 
TCAs [39].

Meta-analyses focusing on SSRIs have shown conflict-
ing results. Four MAs reported a significant elevation in the 
risk for congenital heart defects with small RRs and ORs 
[39, 40, 44], or only with the most severe cases, with a posi-
tive effect–dose relationship [41]. Three MAs showed non-
significant results [34, 42, 43]. The increase in the risk per-
sisted after adjustment for relevant confounding factors [40, 
41], and became non-significant after adjustment for smok-
ing [41] or a psychiatric history [44]. Subgroup analyses 
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indicated an increase in the risk of septal defects including 
atrial [44], and right ventricular outflow tract obstruction 
[40, 44].

Six of the seven MAs that focused on paroxetine reported 
significant results with small RRs and ORs [39, 43, 44, 47, 
51], including without and with adjustment for depression 
[48]. One MA reported non-significant results [42]. Sub-
group analyses showed an increase in the risk for both atrial 
septal defects and right ventricular outflow defects with 
medium ORs [48].

With fluoxetine, four of seven MAs reported a signifi-
cantly increased risk with small RRs and ORs [39, 44, 49, 
50], and three did not [42, 43, 51]. Subgroup analyses 
showed an increase in the risk for septal defects [44, 49], 
especially atrial [44], and non-septal defects [49], with 
small-to-medium RRs.

Examining sertraline, three MAs found significant results 
with small RRs and ORs [37, 39, 44], and two MAs reported 
non-significant results [42, 43]. In subgroup analyses, this 
risk was increased for septal defects [37, 44], especially 
atrial [44], with small-to-medium RRs.

Four MAs evaluated citalopram, among which one 
reported significant results with a small RR [44], and three 
others did not [39, 42, 43]. A MA reported a significant 
result for bupropion with a small OR, but not for venlafaxine 
[39].

3.3  MAs Assessing Fetal Outcomes During 
the Second Half of Pregnancy, of in Utero AD 
Exposure

3.3.1  Preterm Birth

Nine MAs assessed the risk for preterm birth (i.e., birth 
before 37 weeks of gestation) associated with in utero AD 
exposure; all of which statistically controlled for several rel-
evant confounding factors [28, 33, 35, 56–61] (Table S1g 
of the ESM). All MAs that considered any class of AD 
identified a significantly increased risk for preterm birth, 
with small RRs and ORs and with high heterogeneity, for in 
utero exposure at any time of pregnancy [28, 33, 35, 56, 57], 
during the first [33], second, and third trimesters [33], and 
the third trimester with a medium OR [56]. Anti-depressant 
drug use would reduce the duration of pregnancy by an aver-
age of − 0.45 week ([− 0.64 to − 0.25], n = 15) [35]. The 
type of study design did not influence the results as all were 
significant, i.e., overall study designs, retrospective studies, 
and prospective studies [58]. When ADs were prescribed 
for depression, the increase in the risk has been shown to be 
significant [57], or non-significant [28]. Four of these MAs 
adjusted for depression, of which the increased risk persisted 
in three MAs [33, 56, 58], and became non-significant in 
one MA [35].

Examining AD classes, three MAs reported an overall 
increased risk with SSRIs, with small RRs and ORs, and 
with medium-to-high heterogeneity [28, 58, 59]. This 
increase persisted after adjustment for confounders [59], 
and was higher than with non-SSRIs [58]. This increase 
was higher for late than for early pregnancy exposure (third 
trimester vs first trimester: OR = 4.17 [2.75–6.30], n = 3) 
[59], and persisted after adjustment for depression [59]. Two 
MAs reported non-significant results [57, 60]. When SSRIs 
were prescribed for depression, the increase was significant 
[57] or non-significant [28]. With SSRIs or SNRIs com-
bined, a MA reported an increased risk, without and with 
adjustment for depression, with a significant reduction in 
the duration of pregnancy, on average − 0.47 week [− 0.74 
to − 0.21], becoming non-significant after adjustment for 
depression [61]. An increased risk has been shown with 
TCAs and SNRIs [33].

Focusing on each SSRI, an increase in the risk for pre-
term birth was reported with citalopram, paroxetine, and 
sertraline, with small RRs, but not with fluoxetine [33]. For 
bupropion, a MA showed a mean gestational age at delivery 
of 39.2 weeks, i.e., birth at term [38].

3.3.2  Small for Gestational Age and Low Birth Weight

Seven MAs addressed the risks for small for gestational age 
and low birth weight [28, 33, 35, 38, 58, 61, 62] (Table S1h 
of the ESM), which correspond respectively to an estimated 
fetal weight below the tenth percentile, and a birth weight 
< 2500 g, and display a global prevalence of around 25% and 
15%, respectively [63]. Considering any class of AD, two 
MAs found no increase in the risk for small for gestational 
age [28, 33], of which one identified instead an increased risk 
for large for gestational age with a small RR [33]. Regarding 
low birth weight, two MAs reported a significantly increased 
risk with small RRs and medium-to-large heterogeneity [33, 
58], including after adjustment for depression [33, 58]; one 
MA showed a non-significant increased risk [28]. The type 
of study design seemed to influence results, as being sig-
nificant with retrospective studies, and non-significant with 
prospective studies [58]. Anti-depressant drug use would 
reduce the mean birth weight by an average of − 74 g [− 117 
to − 31], which was no longer significant after controlling 
for maternal depression [35].

Examining AD classes, one MA concluded, for SSRIs 
or SNRIs combined, that there were significant increases 
in the risks for small for gestational age and low birth 
weight with small ORs, with a significant difference in 
birth weight, on average − 69.75 g [− 115.51 to − 23.99], 
becoming non-significant after adjustment for depression 
[61]. This MA showed a non-significant increase in the risk 
for large for gestational age [61]. Two MAs that focused on 
SSRIs reported significantly increased risks for small for 
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gestational age with a small RR and medium heterogeneity 
[62], and for low birth weight with small RRs and medium 
heterogeneity [58, 62]. One MA found no increase in these 
risks, whether SSRIs were prescribed for depression or all 
indications [28]. The type of study design also seemed to 
influence results, as being consistent for small for gestational 
age (i.e., retrospective and prospective cohort studies), and 
discordant for low birth weight (i.e., significant with retro-
spective cohort studies, and non-significant for prospective 
studies) [62]. With non-SSRIs, a MA reported a non-sig-
nificantly increased risk for small for gestational age [58]. 
Finally, a MA found a significant increased risk low birth 
weight with TCAs, and with SNRIs, with small RRs [33].

Focusing on each SSRI, an increase in the risk for low 
birth weight was reported with citalopram, paroxetine, and 
sertraline, with small RRs, but not with fluoxetine [33]. For 
bupropion, an MA showed a mean birth weight in the nor-
mal range [38].

3.3.3  Stillbirth

Two MAs assessed the risk of stillbirth [33, 41] (Table S1i 
of the ESM), defined as intrauterine death after 22 weeks of 
gestation, the prevalence of which is estimated at 1.17% in 
developing countries and 0.5% in more developed countries 
[64]. The first MA assessed the composite adverse outcome 
of a congenital anomaly or stillbirth, which was significantly 
increased for SSRIs with a small OR, including after adjust-
ments for smoking, and for socioeconomic status, with a 
positive effect–dose relationship [41]. The second MA iden-
tified a significantly increased risk for stillbirth with any 
class of AD, with a small RR, being no longer significant in 
subgroup analyses for citalopram and fluoxetine [33].

3.4  MAs Assessing the Outcomes for the Newborn 
of in Utero AD Exposure

3.4.1  Neonatal Adaptation Symptoms

The main neonatal complication of in utero AD exposure is 
the poor neonatal adaptation syndrome, which consists of 
mild clinical signs of serotonin withdrawal (mainly hyper-
hypotonus, respiratory distress, hyperreflexia, restlessness, 
irritability, and tremor). As it has no consensus definition, 
this symptom and its syndromes have been found from 25 
to 75% of exposed newborns [65–67]. Neonatal adaptation 
syndrome and symptoms were assessed in eight MAs [28, 
33, 35, 60, 61, 68–70] (Table S1j of the ESM).

The high prevalence of the poor neonatal adaptation syn-
drome was confirmed by one MA identifying a significant 
and large increase for this risk, with all AD classes [68]. The 

increase persisted after adjustment for co-prescription and 
substance use, and late exposure [68].

Four MAs reported an increase in the risk for neonatal 
respiratory symptoms, with medium-to-large ORs. These 
showed an increased risk for respiratory distress with all 
AD classes (including after adjustment for confounders, and 
late exposure) [68], SSRIs (including after adjustment for 
depression) [60], TCAs [60], SSRIs, and venlafaxine [69]. 
These also showed an increased risk for rapid breathing, 
with SSRIs and venlafaxine [69], and for respiratory prob-
lems, with SSRIs or SNRIs, including after adjustment for 
depression [61]. The increase in the risk for respiratory dis-
tress was non-significant in two MAs, with any classes of 
ADs [33], and with SSRIs [69].

Four MAs identified an increase in the risk for neuromus-
cular symptoms, with large ORs. These included tremor, 
with all AD classes [68], and with SSRIs and venlafaxine, 
tremor, hypertonia, and hypotonia [69].

For neurologic signs, three MAs reported an increased 
risk for neonatal convulsions with medium-to-large RRs and 
ORs and high heterogeneity [33, 61, 70], being higher for 
late exposure than for early exposure (no statistical com-
parisons were performed) [70]. One MA found no increase 
in this risk [69].

Two MAs reported increased risks for autonomic nervous 
system dysfunctions with SSRIs or SNRIs, with medium-to-
large RRs and ORs. These included feeding problems [61], 
hypoglycemia [61, 69], jaundice [61], temperature dysregu-
lation [61], and tachycardia [69]. The increase in the risk for 
feeding problems was non-significant in one MA [33].

Results were discordant regarding Apgar scores. For the 
1′ Apgar score, two MAs reported a significantly decreased 
score, with any classes (MD = − 0.19 [− 0.30 to − 0.08], n 
= 10) [35], and with SSRIs or SNRIs (MD = − 0.38 [− 0.68 
to − 0.08], n = 10) [61]. Two MAs showed a significantly 
increased risk for score ≤ 7, with SSRIs [69], and with 
SSRIs or SNRIs [61], becoming non-significant after adjust-
ment for depression [61]. One MA showed a non-significant 
risk [33]. For the 5′ Apgar score, two MAs reported a sig-
nificantly decreased score, with any classes (MD = − 0.33 
[− 0.47 to − 0.20], n = 14) [35], and with SSRIs or SNRIs 
after adjustment for depression (MD = −0.32 [− 0.54 to 
− 0.11], n = 3) [61]. Three MAs identified a significantly 
increased risk for a score ≤ 7 with small-to-medium RRs 
and ORs, with any classes [28, 33], SSRIs [28], SSRIs, or 
SNRIs [61]. The increase in the risk for a score ≤ 7 was non-
significant in one MA [69], and when ADs were indicated 
for depression [28], and after adjustment for depression [61]. 
Finally, two MAs identified an increased risk for neonatal 
intensive care unit admissions with small-to-medium RRs 
and ORs, both without and with adjustment for depression 
[33, 61].
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3.4.2  Persistent Pulmonary Hypertension in the Newborn

This relatively rare (about 0.2% of newborns) but serious 
condition (a leading cause of neonatal morbidity and mor-
tality, responsible for reduced pulmonary blood flow) [71], 
was assessed in three MAs [72–74] (Table S1k of the ESM). 
These MAs, focusing on SSRIs [72, 74], SSRIs, and SNRIs 
[73], have shown an increased risk for in utero exposure at 
any time in pregnancy, [72, 73], including after adjustment 
for main confounders [73], and during most or all of preg-
nancy [74], and late pregnancy [73, 74], all with medium-to-
large ORs. This increase was non-significant for an exposure 
limited to early pregnancy and at any time in pregnancy in 
one MA [74]. The absolute risk difference has been esti-
mated at 0.619 per 1000 livebirths and a number needed to 
harm of 1615 women [72]. Among the network’s specific 
comparison, these risks were significantly lower for sertra-
line than for fluoxetine (OR = 0.34 [0.11–0.96], n = 5) [73].

3.5  MAs Assessing the Subsequent Outcomes 
for the Offspring of In Utero ADs

3.5.1  Autism Spectrum Disorder (ASD)

The risk for ASD, which has an estimated worldwide prev-
alence of around 1% [75, 76], was evaluated in 12 MAs 
[77–88] (Table S1l of the ESM). The four MAs that investi-
gated exposure to any AD at any time of pregnancy identi-
fied a significantly increased risk for subsequent ASD, with 
small-to-medium ORs, RR, and HR [77, 78, 81, 82]. Three 
of these MAs investigated exposure during the first trimester 
of pregnancy, and all showed a significant risk for ASD, with 
small-to-medium ORs and RR [78, 81, 82]. Two of the MAs 
investigated exposure during the second trimester and during 
the third trimester. Both found a significant risk regarding 
the second trimester, with small-to-medium ORs and RR 
[78, 81]. Contradictory findings were observed regarding 
the third trimester, i.e., significant with a medium OR [78], 
and non-significant [81].

Six MAs focused on SSRIs, and all reported an increased 
risk for subsequent ASD for an exposure at any time of preg-
nancy, with small-to-medium ORs and RR [82–87]. A net-
work MA among SSRIs reported no significant difference in 
ASD risk among any of the comparison pairs [88].

Three MAs have looked at study designs, by distinguish-
ing between case-control and cohort studies [78–80]. Two 
of them [78, 79] considered all ADs, and reported signifi-
cant results with case-control studies for an exposure at any 
time of pregnancy, with small-to-medium ORs [78, 79]. In 
contrast, all results in cohort studies were non-significant, 
for an AD exposure at any time of pregnancy [78, 79]. The 
two MAs that focused on SSRIs reported significant results 
with case-control studies for an exposure at any time of 

pregnancy, with small-to-medium ORs [79, 80]. Regarding 
cohort studies of SSRIs, these two MAs showed contradic-
tory conclusions for an exposure at any time of pregnancy, 
i.e., significant with a small HR [80], and non-significant 
[79].

The fact that the link between AD use during pregnancy 
and subsequent ASD in the offspring is stronger in case-
control studies than cohort studies suggests the existence 
of confounding biases in available studies, among which 
the indication bias seems particularly probable: as pregnant 
women taking an AD usually have a mental disorder, pri-
marily depression, this factor may need to be statistically 
controlled for [89]. Five of the 12 MAs considered provided 
results without and with statistical adjustment for a maternal 
psychiatric history: three for all mental disorders [79, 82, 
85], one for affective disorders [81], and one specifically 
for depression [78]. For any AD at any time of pregnancy, 
initially significant results disappeared after adjustment in 
two MAs [81, 82]; the OR decreased but stayed significant in 
the remaining MA with a small OR [78], which focused only 
on case-control studies, and a concomitant MA focusing on 
cohort studies and adjusted for maternal depression showed 
non-significant results [78]. The same MA looked at the dif-
ferent trimesters of pregnancy within case-control studies: it 
found a decreased but still significant risk for ASD regarding 
the first trimester and the second trimester, with small-to-
medium ORs, and the risk became non-significant for the 
third trimester [78]. Another of the three MAs on any AD 
[82] investigated the risk for ASD with an exposure during 
the first trimester, which remained significant, with a small 
OR. Three MAs investigated the same topic specifically in 
SSRIs [79, 82, 85], all of which reported non-significant 
results for an exposure at any time of pregnancy [79, 82, 
85]. Finally, three MAs performed sibling-matched compari-
sons, which control for time-stable shared factors including 
maternal genetics and neuropsychiatric traits [90]: for an AD 
exposure at any time of pregnancy, all OR/RRs were non-
significant [79, 81, 82]; for a first-trimester exposure, results 
were non-significant for SSRIs, and significant for any AD 
(OR = 0.62 [0.40–0.96], n = 1), with OR < 1 indicating a 
protective effect, and only one included study [82].

3.5.2  ADHD

The risk for ADHD, which prevalence averages 5% world-
wide [91], associated with in utero AD exposure was 
assessed in five MAs [80, 81, 88, 92, 93] (Table S1m of the 
ESM). The three MAs on any ADs reported an increase in 
the risk for subsequent ADHD for an exposure at any time 
of pregnancy, with small RRs [81, 92, 93]. These three MAs 
investigated exposure during the first trimester of pregnancy, 
and all showed a significant risk for ADHD, with small RRs 
[81, 92, 93]. Of the two MAs that specifically investigated 
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second- and third-trimester AD exposures [81, 93], one 
reported significant results with a second-trimester exposure 
with a small RR [93]. The remaining MA investigated the 
second and third trimesters of pregnancy merged, and found 
a significant risk for ADHD, with a small RR [92].

Focusing on SSRIs, a MA reported a significant result 
for an exposure at any time of pregnancy, with a small RR 
[92]. With case-control studies, a MA reported significant 
results with first-trimester exposure with a small-to-medium 
OR, and non-significant with exposures at any of pregnancy, 
second trimester, and third trimester [80]. With cohort stud-
ies, the same MA reported significant results with exposures 
at any time of pregnancy or during the first trimester, with 
small HRs, and non-significant results during second/third 
trimesters [80]. For SSRIs and SNRIs merged, a MA found 
an increased risk for an exposure at any time of pregnancy, 
with a small OR [88].

One MA adjusted for maternal psychiatric history [92], 
within which the initially significant results regarding any 
ADs at any time of pregnancy became non-significant [92]. 
Finally, three MAs performed sibling-matched comparisons 
regarding any ADs at any time of pregnancy, and all reported 
non-significant results [81, 92, 93].

3.5.3  Impaired Motor Development

One MA assessed the association between in utero AD expo-
sure and subsequent impaired motor development (included 
studies reported a measure of motor performance, in chil-
dren from birth to 9 years of age), identifying a significant 
and positive association, with a small ES [94] (Table S1n 
of the ESM).

3.5.4  Intellectual Disability

One MA reported a significantly increased risk for intellec-
tual disability in offspring after in utero exposure to SSRIs, 
with a small HR [80] (Table S1o of the ESM). However, 
authors reported that a confounding by indication bias was 
identified in the included studies.

3.6  Methodological Quality

The mean AMSTAR-2 percentage score was 54.8% (stand-
ard deviation 12.9%), ranking from 19 to 81% (Figs. 2 and 
3). Based on the AMSTAR-2 critical domains (Figs. 2 and 
3, and Table S2 of the ESM), the methodological quality of 
reviewed MAs was considered low (i.e., one critical flaw 
with or without non-critical weaknesses), or very low (i.e., 
more than one critical flaw with or without non-critical 
weaknesses).

3.7  Overlap

The corrected covered area was 3.27%, which corresponds 
to a slight overlap (0–5%) [21, 25, 26].

3.8  Data Synthesis

A summary of evidence for outcomes assessed in this meta-
review is provided in Table 1.

4  Discussion

Of the 51 MAs reviewed, all but one assessed risks associ-
ated with AD use during pregnancy for pregnant and parturi-
ent women, fetuses, newborns, and offspring. The remaining 
MA assessed the risk of depression relapse associated with 
AD discontinuation.

Of the MAs that addressed risks for pregnant and parturi-
ent women, one reported with SSRIs, non-significant results 
for gestational hypertension and preeclampsia [30], pointing 
to no evidence for these risks. As gestational hypertension 
has been reported with untreated depression [95–97], and 
with prolonged SNRI or TCA use [98, 99], further MAs 
could assess these AD classes, controlling for use duration 
and for depression. For parturient women, a single MA 
identified an increased risk for postpartum hemorrhage with 
SSRIs, SNRIs, non-serotonin reuptake inhibitors, with small 
ESs, being higher with SNRIs than with SSRIs [31]. This 
single MA therefore provided limited evidence for this risk. 
Pathophysiology may involve an AD-induced decrease in 
intraplatelet serotonin, and a hypertensive effect regarding 
SNRIs [100].

Fig. 2  Histogram with the number of meta-analyses in the respec-
tive A MeaSurement Tool to Assess systematic Reviews 2nd version 
(AMSTAR-2) percentage score
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Meta-anlayses assessing the fetal outcomes occurring in 
the first half of pregnancy focused on spontaneous abor-
tion, major congenital malformations, and congenital heart 
defects. Two of the three MAs reported an increased risk 
for spontaneous abortion with any AD class[33, 34], with 
high heterogeneity [34], and one MA did not [35], there-
fore pointing to inconclusive evidence. None controlled 
for depression, which is a risk factor of spontaneous abor-
tion [101], through elevated pro-inflammatory factors and 
cortisol, and decreased immunity [101, 102], resulting in a 
confounding bias by indication, which further MAs should 
control.

For major congenital malformations, an increased risk 
with small ESs and low heterogeneity was reported in all 
MAs with SSRIs [34, 43–45], most of the MAs with parox-
etine [43, 44, 47, 48], and fluoxetine [43, 44, 49, 51], one 
of the two MAs on citalopram [44]. This indicated evidence 
for SSRIs, paroxetine, and fluoxetine, inconclusive evidence 
for citalopram, and no evidence for sertraline [37, 43, 44]. 
Teratogenicity could involve an imbalance in the concen-
tration of serotonin, as it acts as an organ growth factor in 
the fetus [103], and safety with sertraline may involve its 
low placental transfer to the fetus [104]. Effect size became 
non-significant in the only MA with SSRIs that adjusted for 
depression [44], which may imply overlapping risk factors 
between congenital malformations and depression (e.g., as 
substance use [105, 106], or overweight and obesity [107, 
108]), which should be assessed in subsequent MAs.

For congenital heart defects, an increased risk with small 
ESs and low-to-medium heterogeneity was identified in most 

of MAs with paroxetine [39, 43, 44, 47, 48, 51], fluoxetine 
[39, 44, 49, 50], and sertraline [37, 39, 44], in two of the 
three MAs with any AD class [39, 51], four of the seven 
MAs with SSRIs [39–41, 44], one of the four MAs with 
citalopram [44], in the only MA with SNRIs [39] and bupro-
pion [39], and not in the only MA with TCAs [39]. This 
indicated evidence for paroxetine, fluoxetine, and sertraline, 
inconclusive evidence for any AD class, SSRIs, and citalo-
pram, and limited evidence for SNRIs and bupropion, and no 
evidence for TCAs. Atrial septal defects were the most com-
monly reported heart defects [44, 48], which usually evolve 
to spontaneous closure or regression; exceptionally, safe 
surgery can be considered [109]. The lack of significance 
in the only MA adjusted for depression [44] also suggests 
overlapping risk factors. Pathogenicity may entail altered 
cardiac morphogenesis, disruption of laterality in heart cells, 
or abnormal intracardiac blood flow [110]. Heterogeneity of 
these results suggests risks with some individual ADs, par-
oxetine, fluoxetine, and sertraline, which subsequent MAs 
should further assess.

Meta-analyses assessing the fetal outcomes during the 
second half of pregnancy, of in utero AD exposure, focused 
on preterm birth, small for gestational age and low birth 
weight, and stillbirth. Most or all of MAs reported an 
increased risk for preterm birth, with any AD class [28, 33, 
35, 56–58], SSRIs [57–59], SSRIs and SNRIs [61], and non-
SSRIs [33, 59], with small ESs and medium-to-high hetero-
geneity. This pointed to consistent evidence. The increase 
persisted after adjustment for depression with small-to-
medium ESs [33, 56, 58], and was higher for late than for 

Fig. 3  Methodological quality of the 51 meta-analyses (MAs) accord-
ing to the 16 items of A MeaSurement Tool to Assess systematic 
Reviews 2nd version (AMSTAR-2) [for reasons of quality, the origi-

nal questions have been reduced to some extent]. AMSTAR-2 critical 
domains are marked with an asterisk (*). PICO Participant, Interven-
tion, Comparison, Outcome
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Table 1  Levels of evidence related to outcomes of AD use during pregnancy or in utero AD exposure

AD antidepressant drug, HRB high risk of bias, MA meta-analysis, NICU neonatal intensive care unit, SNRIs serotonin and norepinephrine reup-
take inhibitors, SRIs serotonin reuptake inhibitors, SSRIs selective serotonin reuptake inhibitors, TCAs tricyclic antidepressants
a No evidence: none of the included MAs reported significant effects on a specific outcome
b Limited evidence: effects on a specific outcome in at least one MA (based on one underlying effect study)
c Inconclusive evidence: inconsistent effects on a specific outcome because at least one MA (including at least two underlying studies) shows 
positive significant effects, while other MAs included did not find such effects
d Evidence: consistent positive significant effects on a specific outcome in at least one MA (based on at least two underlying effect studies)

Benefits and risks of ADs use during pregnancy/in utero AD exposure identified through revised MAs

Category of outcomes Type of outcome AD classes, molecules, or subgroup 
analysis

Level of evidence

Pregnant and parturient women Depression relapse following AD discon-
tinuation

Mild-to-moderate non-recurrent depres-
sion: any AD class

No  evidencea

Severe or recurrent depression: any AD 
class

Limited  evidenceb

Gestational hypertension SSRIs No evidence
Preeclampsia SSRIs No evidence
Postpartum hemorrhage SSRIs, SNRIs, non-SRIs Limited evidence

Fetus, first half of pregnancy Spontaneous abortion Any AD classes Inconclusive  evidencec

Major congenital malformation SSRIs, paroxetine, fluoxetine Evidenced

Citalopram Inconclusive evidence
Sertraline No evidence

Congenital heart defects Paroxetine, fluoxetine, sertraline Evidence
Any AD class, SSRIs, citalopram Inconclusive evidence
SNRIs, bupropion Limited evidence
TCAs No evidence

Fetus, second half of pregnancy Preterm birth Any AD class, SSRIs, SNRIs, non-SSRIs Evidence, HRB
Small for gestational age Any AD class, SSRIs, SNRIs Inconclusive evidence
Low birthweight Any AD class, SSRIs, SNRIs Inconclusive evidence
Stillbirth Any AD class Limited evidence, HRB

Neonates Poor adaptation syndrome Any AD class Limited evidence
Tremor, hypoglycemia Any AD class Evidence
Rapid breathing, respiratory problems, 

hypertonia, hypotonia, jaundice, tachy-
cardia, temperature dysregulation

Any AD class Limited evidence

Respiratory distress, convulsions, feeding 
problems

Any AD class Inconclusive evidence

Diminished 1′ Apgar score Any AD class Evidence
Diminished 5′ Apgar score Any AD class Evidence
1’ Apgar score ≤ 7 Any AD class Inconclusive evidence
5′ Apgar score ≤ 7 Any AD class Inconclusive evidence
NICU admission Any AD class Evidence
Persistent pulmonary hypertension SSRIs, SNRIs Evidence

Offspring Autism spectrum disorder First trimester exposure: any AD classes Inconclusive evidence
Any time of pregnancy: any AD classes, 

SSRIs
No evidence

Attention-deficit/hyperactivity disorder Any AD class No evidence
Impaired motor development Any AD class Limited evidence, HRB
Intellectual disability SSRIs Limited evidence, HRB
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early pregnancy exposure with SSRIs [59]. However, a pos-
sible indication bias cannot be completely ruled out. An MA 
evidenced, in subgroup analyses limited to pregnant women 
with depression, a significant increase in the risk for pre-
term birth in those not receiving ADs, and a non-significant 
increase in those receiving ADs [28]. Another MA showed 
a significantly increased risk for preterm birth with SSRIs 
when indicated for depression, while non-significant with 
all indications combined [57]. Indeed, uncontrolled antena-
tal depression is a risk factor for prematurity and low birth 
weight [111, 112], through an increased synthesis of cor-
ticotrophin-releasing hormone from the placenta initiating 
premature labor, and a high risk of inflammation or infec-
tion [112]. The mean reduction in the pregnancy duration 
was estimated at half a week, unadjusted [28, 35]—a result 
close to that reported in a review with untreated antenatal 
depression [113]—suggesting a low frequency of prematu-
rity associated with AD exposure.

For fetal and birth weight outcomes, discrepant results 
were reported with medium-to-high heterogeneity, i.e., 
increased risks for small for gestational age [61, 62] and 
large for gestational age [33], diminished mean birth weight 
[35, 61] and low birth weight [33, 58, 61, 62], persisting [33, 
58] or not [35, 61] after adjustment for depression. This indi-
cated inconclusive evidence. Unmeasured indication biases 
can be discussed. An MA also reported increased risks for 
small for gestational age and low birth weight in depressed 
pregnant women without AD use [28]. A review concluded 
a similar risk level for birth weight between treated and 
untreated antenatal depression [113]. Antenatal depression 
may result in fetal growth restriction through elevated cor-
tisol inducing high fetal caloric expenditure, and reduced 
oxygen and nutrient delivery to the fetus by vasoconstriction 
of uterine arteries [114].

One MA concluded an increased risk for stillbirth [33], 
including seven small cohort studies [115–121], and two 
population-based studies [122, 123]. The first study, involv-
ing more than 1 million births, identified a similar rate of 
stillbirth (i.e., 0.4%) in pregnant women with AD use, and 
in untreated and undepressed pregnant women [122]. The 
second study, involving more than 1.6 million births, iden-
tified a higher rate of stillbirths in pregnant women with 
versus without SSRI use (0.462% vs 0.369%), becoming 
non-significant after adjustment for a history of psychiatric 
hospitalization [123]. Prior psychiatric hospitalization, pos-
sibly a marker of depression severity or recurrence, may be 
the risk factor of stillbirth rather than AD use, and given the 
lack of adjustment, this MA [33] provided limited evidence, 
with a high risk of bias.

Considering neonatal adaptation symptoms, MAs pro-
vided: evidence for tremor with a high ES [68, 69], hypo-
glycemia [61, 69], decreased 1’ and 5′ Apgar scores [35, 
61], and neonatal intensive care unit admissions [33, 61]; 

limited evidence for rapid breathing [69], respiratory prob-
lems [61], hypertonia [69], hypotonia [69], jaundice [61], 
temperature dysregulation [61], and tachycardia [69]. These 
also provided inconclusive evidence for respiratory distress 
[33, 60, 68, 69], neonatal convulsions [33, 61, 69, 70], feed-
ing problems [33, 61], and low 1’ and 5′ Apgar scores [28, 
33, 61, 69]. A single MA on the neonatal adaptation syn-
drome provided limited evidence, but with a large ES and 
low heterogeneity [68]. This mild and transient condition, 
involving serotonin withdrawal, evolves favorably with sup-
portive care [124], although long-term neurodevelopmental 
outcomes have been suspected [125]. All three MAs on per-
sistent pulmonary hypertension of the newborn reported an 
increase in the risk, with late pregnancy exposure to SSRIs 
or SNRIs, with small ESs and high heterogeneity [72–74], 
providing consistent evidence. Prognosis of this syndrome 
depends on its cause, and lacks evaluation for in utero AD 
exposure. Pathophysiology may include serotonin-induced 
pulmonary vasoconstriction and smooth cell proliferation 
[126].

Meta-analyses assessing the subsequent outcomes for the 
offspring focused on ASD, ADHD, impaired motor devel-
opment, and intellectual disability. Though an increased 
risk for ASD with small ESs was initially found in all MAs 
[77–88], this risk became non-significant for an exposure to 
any AD or SSRI at any time of pregnancy in all MAs that 
controlled for a maternal psychiatric history [78, 79, 81, 82, 
85]. However, in two of them investigating any AD [78, 82], 
an increased risk with a small ES remained regarding the 
first [82] or the two first [78] trimesters of pregnancy, and a 
decreased risk was shown in a sibling-matched comparison 
regarding the first trimester [82], but with only one study 
included. Therefore, these results provide no evidence for 
an increase in the risk for subsequent ASD with in utero AD 
exposure at any time of pregnancy, and inconclusive evi-
dence with AD exposure during early pregnancy. On the one 
hand, an association with early exposure remains plausible 
on the physiopathological level, as serotonin acts on brain 
maturation from the beginning of prenatal life [127, 128]. 
On the other hand, insufficient control of confusion bias is 
also possible, as pregnant women’s stress during early preg-
nancy is a known risk factor for ASD [129]. Further studies 
are needed using sibling-matched comparisons, i.e., taking 
into account a potential indication bias and other time-stable 
confounding factors.

Although an increased risk for ADHD with small ESs 
was initially found in all MAs [80, 81, 88, 92, 93], this 
risk became non-significant in the MA that controlled for 
a maternal psychiatric history [92], and in the three MAs 
that performed sibling-matched comparisons [81, 92, 93]. It 
can therefore be said that there is no reliable evidence for an 
increased risk for subsequent ADHD in the offspring after in 
utero AD exposure. None of these MAs screened or adjusted 
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for ADHD in mothers or fathers, although this disorder is 
highly heritable [130] and associated with depression in 
adults [131], which may have resulted in a confounding by 
indication bias. In addition, it must be stressed that no MA 
provided sound results regarding the different trimesters of 
pregnancy. Thus, further cohort studies and MAs adjusting 
for parental diagnosis of ADHD, and individualizing the risk 
for ADHD by trimester of pregnancy, in particular the first 
trimester, would be useful.

Finally, a MA reported an association between in utero 
AD exposure with subsequent impaired motor development 
in children [94]. However, there was no adjustment for 
depression during pregnancy, which is a known risk factor 
for poor psychomotor developmental outcomes in offspring 
[132], resulting in a limited evidence with a high risk of 
bias. One MA also reported an association with subsequent 
intellectual disability, with a small ES, but only two studies 
were included, and each entailed an indication bias [80], 
which points to limited evidence, with a high risk of bias, 
for this risk.

Assessing benefits, a MA showed a risk for depression 
relapse during pregnancy that was no higher for women 
with mild-to-moderate non-recurrent depression who dis-
continued ADs during the anteconception period or preg-
nancy, than for those who continued their use [29]. As half 
of women discontinue AD during the preconception period 
or the first trimester, especially those with the fewest psy-
chiatric comorbidities [1, 13], this result is to be considered 
as reassuring. This MA also evidenced a significant risk 
of relapse after AD discontinuation with severe or recur-
rent depression, but with only one study included. There-
fore, these results show, with limited evidence, a benefit 
of AD use during pregnancy for treating severe or recur-
rent depression. Clinicians should advise their pregnant or 
intended-pregnant patients to continue ADs in these forms of 
depression. Moreover, AD discontinuation during pregnancy 
is also a risk factor for postpartum depression [133], with 
potential long-term negative outcomes on both maternal 
health and child development [134, 135]. This single result 
[29] hence provides limited insight on the benefits of AD 
prescriptions in pregnant women, and points to the need for 
further evaluations of AD effectiveness during pregnancy.

This meta-review has several limitations. First, there was 
no information on co-prescriptions, especially benzodiaz-
epines that are frequent used during pregnancy [13] and 
could induce similar neonatal risks [136], nor information 
on dosage, which prevents any analysis of the dose–effect 
relationship, nor on adherence, although it is greatly 
reduced with ADs during pregnancy [137]. Second, as it 
is unethical to conduct randomized controlled trials with 
ADs during pregnancy, the revised MAs mostly involved 
non-randomized studies. Third, moderate-to-high hetero-
geneity was present in many of the reviewed MAs, which 

suggests uncontrolled biases, including selection, classifica-
tion, publication, and confusion biases. Selection bias could 
entail the definition of AD exposure (the exact duration of 
in utero AD exposure is not controlled), the definition of the 
event evaluated (some MAs reported inconsistent definitions 
between included studies), and the methodologies used (the 
type of study included, e.g., cohort or case-control studies, 
being poorly controlled). Different classes of ADs or differ-
ent molecules were pooled in MAs, which makes it impos-
sible to differentiate their specific risks, and also induces 
a selection bias. In utero AD exposure in most studies is 
based on prescriptions, and may be overestimated because 
of the indistinction between adherent and non-adherent 
pregnant women, which creates a classification bias. Some 
MAs included only a small number of articles, suggesting 
publication bias, which should be better assessed. The most 
important bias could be confounding by indication, result-
ing from poorly measured (co-prescriptions), unmeasured 
(intensity and level of control of depression), or unknown 
(genetic and environmental factors) variables. Few MAs 
have adjusted for depression and none has adjusted for the 
level of control of depression, while insufficiently controlled 
antenatal depression may expose the pregnant woman and 
the fetus to the consequences of both residual depressive 
symptoms and the AD. Similarly, confounding by indica-
tion (i.e., the possibility that the indication of the AD is the 
cause of the risk, rather than the AD itself) was inadequately 
controlled for in the revised MAs, even though antenatal 
depression is a known risk factor for obstetric and neonatal 
complications [138]. The quality of revised MAs was low to 
moderate, using the AMSTAR-2 tool [24], which is a similar 
pattern to that identified by another meta-review assessing 
ADs [139]. Fourth, although this meta-review examined a 
large amount of information covering a large number of out-
comes, it aimed to provide a comprehensive synthesis on 
the efficacy and safety of antidepressants prescribed during 
pregnancy, in order to inform clinicians, and to identify areas 
needing further research.

4.1  Implications for Clinicians

Consistent evidence highlighted in this meta-review relates 
to the risks for fetuses and neonates, i.e., major congenital 
malformations (SSRIs, paroxetine, and fluoxetine; no evi-
dence for sertraline), congenital heart defects (paroxetine, 
fluoxetine, and sertraline), preterm birth with a high risk 
of bias, tremor, hypoglycemia, decreased 1’ and 5′ Apgar 
scores, neonatal intensive care unit admissions, and pulmo-
nary hypertension of the newborn. Atrial septal defects—
the most commonly reported heart defects [44, 48]—and 
tremor are mild conditions [65, 66, 109, 140], but others are 
potentially serious. These results are however limited by the 
scarcity of data specifying the indication for ADs, and using 
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an appropriate comparison group, which leads to a potential 
confounding bias by indication. There are also limited by 
unmeasured variables such as maternal psychopathology and 
the environment, contributing to residual confounding. By 
contrast, there was only limited evidence for the benefits 
of AD use, i.e., to prevent a relapse of severe or resistant 
depression during pregnancy [29]. There was however no 
data on the risk of depression relapse postpartum, following 
AD discontinuation during pregnancy.

Together, these results strengthen the guidelines indicat-
ing first-line psychotherapy for mild-to-moderate depres-
sion, and ADs for severe depression [12]. The risk of major 
congenital malformations could be prevented by observing 
guidelines that discourage the use of paroxetine and fluox-
etine, and prefer sertraline [12]; in the case of paroxetine 
use in early pregnancy, fetal echocardiography should be 
performed [141]. Obstetricians and pediatricians should be 
informed of AD use. Pregnant women using ADs should 
give birth in hospitals with a neonatal intensive care unit 
available, if possible.

4.2  Implications for Research

This meta-review also has implications for research, par-
ticularly in attempting to decrease heterogeneity and bias 
in MAs. To better control for indication bias, future MAs 
should adjust for maternal psychiatric disorders and dis-
tinguish between depression and other indications, and, if 
possible, adjust on the level of control of the disorders. To 
better control for selection bias, MAs should perform analy-
ses by trimester, to better match the period of AD use with 
the period of occurrence of risks, and to better assess neu-
rodevelopmental risks in the offspring. Limited evidence for 
the risks for postpartum hemorrhage, stillbirth, subsequent 
impaired motor development and intellectual disability in 
offspring, and for benefits, highlights the lack of studies and 
MAs, which calls for more evaluations of these outcomes. 
Finally, inconclusive evidence for the risks for spontaneous 
abortion, fetal and birth weight outcomes, and ASD with 
early AD exposure suggests an uncontrolled bias that future 
studies and MAs should better assess.

5  Conclusions

This meta-review primarily highlights the risks of AD use 
during pregnancy, with consistent evidence for fetuses and 
neonates, and limited evidence for parturient women. It also 
highlights limited (with a high risk of bias), or inconclu-
sive, or no evidence, for neurodevelopmental disorders in 
the offspring. There was only limited evidence for a benefit 
of AD use for pregnant women. These results strengthen 
guidelines that recommend ADs for severe depression 

during pregnancy, and also highlight the need for further 
research, particularly to reduce heterogeneity and bias in risk 
assessments, and to evaluate the efficacy of ADs in pregnant 
women.
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