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ABSTRACT

Background Literature surrounding the association
between antidepressant use during pregnancy and
miscarriage is conflicting. We aimed to conduct a
systematic review and meta-analysis of studies among
pregnant women regarding the association between
exposure to antidepressants during pregnancy and the
risk of miscarriage, compared with pregnant women not
exposed to antidepressants.

Design We conducted a systematic review and meta-
analysis of non-randomised studies.

Data sources We searched Medline, Embase and
PsychINFO up to 6 August 2023.

Eligibility criteria and outcomes Case-control, cohort
and cross-sectional study designs were selected if they
compared individuals exposed to any antidepressant
class during pregnancy to comparator groups of either no
antidepressant use or an alternate antidepressant.

Data extraction and synthesis Effect estimates were
extracted from selected studies and pooled using a
random-effects meta-analysis. Risk of bias (RoB) was
assessed using the Risk of Bias in Non-Randomised
Studies of Interventions (ROBINS-I) tool, and heterogeneity
assessed using the I? statistic. Subgroup analyses were
used to explore antidepressant classes and the impact of
confounding by indication.

Results 1800 records were identified from the search,

of which 29 were included in the systematic review

and meta-analysis. The total sample included 5671 135
individuals. Antidepressant users initially appeared to have
a higher risk of miscarriage compared with unexposed
individuals from the general population (summary effect
estimate: 1.24, 95% Cl 1.18 to 1.31, ’=69.2%; number

of studies (n)=29). However, the summary estimate
decreased when comparing against unexposed individuals
with maternal depression (1.16, 1.04 to 1.31; [>=58.6%;
n=6), suggesting confounding by indication may be driving
the association. 22 studies suffered from serious RoB, and
only two of the 29 studies were deemed at moderate RoB.
Conclusions After accounting for maternal depression,
there is little evidence of any association between
antidepressant use during pregnancy and miscarriage.
Instead, the results indicate the biasing impact of
confounding by indication.

INTRODUCTION
Depression affects around 264 million people
worldwide and is one of the top 3 leading

,! Flo Martin,? Dheeraj Rai,"** Harriet Forbes®

STRENGTHS AND LIMITATIONS OF THE STUDY

= Alarge amount of studies were identified through an
extremely thorough search strategy, thus enhancing
statistical power and insight over previous reviews.

= Confounding by indication and depression severity
was considered in the analysis and results, eluci-
dating the true independent effect of antidepressant
use during pregnancy.

= The ROBINS-I tool was used to evaluate the strength
and quality of evidence.

= The studies included could suffer from publication
bias, and small studies producing inverse relation-
ships are absent from the field.

= High heterogeneity existed between papers, likely
due to the included studies investigating different
research questions, implementing different meth-
odologies and populations, timing of exposure and
confounding adjustment, thereby reducing the qual-

ity of the meta-analysis.

causes of years lived with disability globally.'
This high prevalence is also seen among
pregnant women, with 15%-23% suffering
from a depressive disorder.” Around 3%-8%
of women are prescribed antidepressants
during their pregnancy in Europe.” This
figure appears to be on an upwards trajectory
since the 1990s,” potentially driven by both
increasing prenatal depression rates,” and a
shortage of non-pharmacological treatment
options.’

Miscarriage, also referred to as spontaneous
abortion, is defined as pregnancy loss before
viability; however, the gestational threshold of
viability varies between countries, from 20 to
28 weeks.” In the UK, viability is determined
as up to 24 weeks.” Depending on the defi-
nition, miscarriage risk varies; on average,
it occurs in approximately 15% of pregnan-
cies.” Several studies and reviews found an
increased miscarriage risk in women using
antidepressants during pregnancy, compared
with unexposed individuals.*'" Antidepres-
sants can cross the placental barrier through
passive diffusion,'" highlighting biological
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plausibility. Selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine reuptake inhib-
itors (SNRIs) are the most frequently used pharmaco-
therapy option for depression,'® both of which increase
serotonin levels in the synaptic cleft.” '* Serotonergic
systems are involved in embryonic developmental
processes including neural crest cell differentiation,"
a process producing cells and tissue types."* This high-
lights the importance of serotonin in embryogenesis
thus its potential influence on miscarriage. Alternatively,
untreated maternal depression has been shown to be asso-
ciated with miscarriage.'” This is an issue in observational
studies known as confounding by indication, whereby
maternal depression can independently affect the
outcome of miscarriage. This could be through a number
of mechanisms and mediators including lifestyle factors,"®
or stress and inflammation."” Including pregnant women
in randomised controlled trials (RCTs) is unethical; thus,
all evidence is observational and therefore susceptible to
bias, making causal inference challenging. This is high-
lighted by studies whose observed associations between
antidepressant use during pregnancy and miscarriage
attenuated after stratifying for maternal depression.'” '*

The methodological limitations that exist in previous
reviews means it remains unclear whether a causal rela-
tionship exists. Therefore, clear evidence and guidance
around the association between antidepressant use
during pregnancy and miscarriage is important as it will
allow depressed pregnant women to make well-informed
decisions and reduce their decisional conflict.'” Poor peri-
natal mental health is becoming an ever-growing issue,
up-to-date studies are needed now which investigate child
outcomes in depressed women to help drive screening,
intervention and prevention strategies.

Existing reviews examining this relationship investi-
gated several perinatal outcomes and produced differing
conclusions.””** These reviews have some methodolog-
ical limitations including incomplete search strategies,”
do not include more recent studies from the last 10
years,”!  and did not fully address confounding by indi-

ion, ™ a crucial element in isolating the true effect of
antidepressants. This issue was addressed in the current
review through using a depressed comparator, to allow
for increased comparability between exposed and unex-
posed individuals.

The main objective of this study is to conduct a system-
atic review and meta-analysis of studies among pregnant
women regarding the association between exposure to
antidepressants during pregnancy and the risk of miscar-
riage, compared with pregnant women not exposed to
antidepressants.

METHODS

Protocol registration

This study is conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta Analysis
(PRISMA) 2020, as well as the Cochrane handbook.*

The protocol for this meta-analysis was registered in
PROSPERO CRD42021262839, available from https://
www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42021262839.

Search strategy and information sources

We searched the databases, Embase (Ovid, 1980 to 2023),
Medline (Ovid, 1946 to 2023) and PsycInfo (Ovid, 1806
to 2023) from database inception to 8 March 2021 using
a comprehensive search strategy (online supplemental
table SI1). In brief, the following search terms were
used: (antidepress* OR [generic/branded antidepres-
sant name) AND (spontaneous abortion OR miscar-
riage). The search was updated on 4 August 2021 prior
to commencement of data analysis, a final search before
finishing the review was conducted on 21 January 2022, as
well as a search to update findings before publication on 6
August 2023. Backward citation searching was conducted
from papers and existing reviews; additionally, confer-
ence abstracts found in the searches were included in
the review. The outcome of stillbirth was also included in
our search strategy as these two outcomes are frequently
reported together. However, stillbirth was not included in
this review due to a higher number of relevant studies
found than expected, ensuring literature was investigated
ata thorough level. We placed no restrictions on language
or publication status. Abstracts in a language other than
English were translated using a translation software, and
full texts were assessed using a translator.

Eligibility criteria

Studies were included if the study population included
pregnant women, the exposure was antidepressants, and
the outcomes included miscarriage. Any antidepressant
class was eligible, and no restriction was placed on timing,
dose or duration of use. The comparator groups included
pregnant women prescribed a different antidepressant
to the primary specified type, or women with no antide-
pressant exposure. Studies investigating polypharmacy
involving medication other than antidepressants were
excluded; however, studies investigating more than one
antidepressant class were included. Observational studies
included used a cohort, case-control, or cross-sectional
design. RCTs were included if they fit the eligibility
criteria. Reviews, meta-analyses, ecological studies, case
reports and case series were excluded.

Study selection

The papers identified from the search strategy had
their title and abstract screened independently by two
reviewers in parallel (FM and HF). We used Endnote to
deduplicate references. Outputs of the review were then
cross checked, and discrepancies discussed with a third
reviewer (SS). The full text of papers that passed title
and abstract screening were obtained through Endnote,
and three researchers completed a full-text review of a
proportion of papers (SS, FM and HF). Final decisions
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and discrepancies were discussed within the whole team,
including a consultant psychiatrist (DR).

Data extraction

A standardised template was used for data extraction. A
patient, exposure, comparator, outcomes and study char-
acteristic (PECOS) framework was used whereby infor-
mation was collected on all variables. Variables of study
design, country of study, study period, data sampling
methods, type and timing of antidepressant exposure,
definition of exposure and comparator groups, identifica-
tion of exposure and outcome, sample size, confounding
adjustment, raw data and adjusted estimates (OR, risk
ratio (RR), HR) including CIs were extracted. If more
than one comparator group was used, the raw data and
adjusted estimates for each comparison were extracted.
Data on any secondary outcomes were not extracted.
Data extraction was conducted independently by two
reviewers for all papers, outputs were cross checked (SS
and FM), and discrepancies were discussed with a third
reviewer (HF).

Risk of bias assessment

Studies were assessed using the ROBINS-I tool.** This tool
evaluates non-randomised studies estimating intervention
effects. Seven domains were assessed, including issues
arising prior to and after intervention. The ROBINS-I
tool is designed for cohort studies; therefore, a template
alteration specific to case-control studies was sought from
the author of the ROBINS-I tool to allow for continuity in
risk of bias (RoB) assessment across all study designs. RoB
was independently assessed by two reviewers in parallel
for all studies (SS and FM). The scoring and justification
were compared, with any discrepancies discussed with a
third reviewer (HF).

Statistical analysis

Meta-analyses were performed using STATA (V.16.0).
Results were presented by comparator group used, specif-
ically general population unexposed, depressed unex-
posed and depressed alternative antidepressant exposure.
Additionally, subgroup analysis on SSRIs and SNRIs were
conducted. Adjusted effect estimates were the preferen-
tial estimate when pooling results. HR, RR and OR were
treated as equivalent and pooled together, a sensitivity
analysis on this assumption was conducted (online supple-
mental figure S1). If studies gave estimates for multiple
exposure groups including differing trimester estimates,
these were pooled into one result using a meta-analysis.
When adjusted estimates were not provided, ORs and SEs
were produced from raw data. Analyses were conducted
using a random-effect model, due to the high likeli-
hood of heterogeneity expected. Heterogeneity between
studies was assessed using the I? statistic.” Additionally,
a funnel plot and Egger test were conducted to assess
evidence for publication bias.*® A sensitivity analysis was
conducted whereby papers with an overall critical RoB,
or no information as identified through ROBINS-I tool

were excluded. Additionally, another sensitivity analysis
was done whereby only papers which used prescription
databases to classify exposure were included.

Patient and public involvement
No patient or public involvement.

RESULTS

Search results

The initial and final search retrieved 2010 citations. After
duplicates were removed, 1800 records had title and
abstract screening, resulting in a further 1751 records
being excluded. The full text of 49 articles were assessed
for eligibility. Articles were excluded due to reasons
including incorrect study design, insufficient data or if
only stillbirth was investigated (online supplemental table
S2). This resulted in 25 studies being excluded, and 24
included, with the final searches adding a further 5 papers
to the SR and meta-analysis’ '’ 17182751, highlighted in the
PRISMA flow diagram (figure 1).”

Study characteristics

Online supplemental table S3 details characteristics of the
included studies. Only observational studies were found;
25 cohort, and 4 case-control studies,lo 405051 and all
studies were published between 1996 and 2022. The total
number of subjects investigated across case-control was
314 682, compared with 5356453 across cohort studies.
The study size varied from 247 to 1281418. The miscar-
riage definition was rarely stated, however, ranged from
loss of fetus at either 20 (n=3),""*#% 22 (n=2)""18 or 24
weeks’ (n=1)* gestation. A mixture of comparator groups
were used across studies. All studies had a comparator
group of unexposed individuals without depression; some
papers used additional comparator groups including
depressed pregnant women exposed to an alternative
antidepressant to the primary specified type,*’ #7342 4448
unexposed depressed pregnant women,'” '#37 #2450 3
pregnant individuals using antidepressants whereby the
indication for treatment was not depression.17 2% Expo-
sure status was predominantly identified through two
methods. First, 16 studies used self-report to teratogen
information services through either the individual or
their physician.9 27-34 36 38 40 41 43-45 Second, 14 studies
used prescription databases.'’ 1718 5789 424748 1p) dividual
antidepressant types were investigated, including 12
studies examining SSRIs'® 2772 31 3 S0 454550 and 5
SNRIs 29414446 48

RoB assessment

The ROBINS-I tool found much of the literature to be at
serious RoB. Online supplemental table S4 highlights that
only 2 out of 29 papers had an overall moderate RoB,** **
compared with 22 deemed serious, and the remaining
deemed critical. This tool highlighted a key area of bias
being confounding. The three crucial confounding
domains identified for this field were indication for
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[ Identification of studies via databases and registers ]
)
c Records removed before screening:
o Duplicate records removed (n =
"(g' Records identified from*: 210)
&= Databases (n = 2010) —> Records marked as ineligible by
< Registers (n = 0) automation tools (n = 0)
§ Records removed for other
reasons (n = 0)
) A 4
Records screened » | Records excluded™
(n=1800) (n=1751)
\ 4
Reports sought for retrieval Reports not retrieved
> (n = 49) | (n=0)
s
<]
5
n A4 Reports excluded:
Report d for eliaibilit Wrong outcome/combined
(nefc‘)1r gs) assessed for eligibility gl;thme data (n = 3) )
illbirth outcome only (n = 6)
Incorrect study design (n = 2)
No comparator (n = 4)
Insufficient outcome data (n = 5)
Duplicate (n = 5)
D 4
—_— y Additional papers found:
- Search on 4" August 2021
@ ies incl . . (n=1)
2 Stu_dles included in review Search on 21% January 2022
S (n=29) (n=1)
- Search on 6 August 2023
‘ (n=3)

Figure 1

Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram. Flow diagram illustrating the

number of included and excluded studies at each stage of screening, and reasons for exclusion. This version has been adapted
to include the element of additional papers found in following searches.

treatment, individual characteristics and lifestyle expo-
sures. The confounding variables believed to be most
important included presence and severity of depression,
as well as gestational age. Although a large proportion of
studies stratified by depression (62%), only 14% and 31%
of studies accounted for depression severity and gesta-
tional age, respectively (online supplemental table Sb).
Confounding adjustments varied dramatically between
studies suggesting a potential heterogeneity source. As
very few confounding variables were included in these
studies, it limits the reliability of the results of this system-
atic review.

Publication bias
Publication bias was assessed through visual inspection of
the funnel plot (online supplemental figure S2) and the

Egger test. Asymmetry of the funnel plot indicated poten-
tial for publication bias, and the Egger test produced a p
value of 0.001.

Sensitivity analysis

Papers with an overall critical RoB or inadequate infor-
mation to determine their bias category were removed
(n=5). The papers removed were deemed critical as they
had no confounding adjustments. Results remained very
similar, with a change in the pooled estimate of 0 and 0.01
in all antidepressants and SSRI analysis, respectively, in
the general population after removing the critical papers.
Additionally, in the SNRI general population analysis,
there was a change in the pooled estimate of 0.25 after
removing the papers with no adjustments (online supple-
mental table S6).
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Treated Controls Odds ratio Weight

Study author (year) n/N n/N (95% CI) %
Any antidepressants vs none

Chambers et al. (1996) 23/169 22/254 — 1.57 (0.85, 2.91) 0.51
Kulin et al. (1998) 30/267 21/267 —- 1.43 (0.80, 2.56) 0.57
Einarson et al. (2001) 18/150 11/150 . - 1.64 (0.75, 3.58) 0.33
Einarson et al. (2003) 201147 12/147 s == 1.67 (0.79, 3.53) 0.35
Sivojelezova et al. (2005) 14/132 13/132 — 1.08 (0.49, 2.38) 0.32
Chun-Fai-Chan et al. (2005)  20/136 6/133 ! 4§~ 3.26 (1.27,8.37) 0.23
Djulus et al. (2006) 20/104 11/104 . o= 1.82 (0.83, 3.98) 0.33
*Einarson et al. (2009) 122/937 75/937 —‘-._ 1.38 (0.98, 1.94) 1.42
*Nakhai-Pour et al. (2010) 284/1,685  4,840/54,679 . S 1.68 (1.38, 2.05) 2.92
Paulus et al. (2010) 23/202 81/714 : 1.00 (0.62, 1.64) 0.78
*Chan et al. (2011) NA NA —_——— 1.54 (1.09, 2.18) 1.39
“Einarson et al. (2011) 8/89 8/89 ~— 1.07 (0.51, 2.24) 0.36
*Ban et al. (2012) 1,982/13,151 47,258/390,665 - p— 1.33 (1.18, 1.49) 4.65
Klieger-Grossman et al. (2012) 32/213 18/21 .- ~G= 1.77 (0.96, 3.25) 0.52
*Kjaesgaard et al. (2013) 210/1,674 110,377/818,426 E-3 1.27 (1.22,1.33) 6.23
*Andersen et al. (2014) 2,883/22,884 139,201/1,256,956 L 1.14 (1.10, 1.18) 6.35
*Abadie et al. (2015) 170/889 668/4,447 e 1.20 (0.98, 1.46) 2.94
*Johansen et al. (2015) 2,359/20,612 124,333/1,165,124 L 1.07 (1.03, 1.12) 6.24
Te Winkel et al. (2016) 85/732 46/730 | —— 1.84 (1.27,2.68) 1.23
*Almeida et al. (2016) 165/1,955 1,685/28,343 —_—— 1.30 (1.11, 1.52) 3.76
“Evans-Hoeker et al. (2018)  16/90 11811,484  ———————— 1.92 (1.22,3.02) 0.89
*Richardson et al. (2019) 46/281 140/1,405 B e ] 1.26 (0.83, 1.91) 1.02
*Wu et al. (2019) 42/223 617/5,228 — 1.34 (0.97, 1.85) 1.55
*Bahat et al. (2020) NA NA . -$- 1.89 (1.04, 3.43) 0.54
Kolding et al. (2021) 134/4,105 10,739/353,581 e 1.07 (0.90, 1.28) 3.40
*Ankarfeldt et al. (2021) 143/1,201 103,367/984,447 —— 1.14 (0.96, 1.35) 3.53
*Kitchin et al. (2022) 385/1,205 15,428/62,658 —p— 1.29 (1.13, 1.47) 4.36

*Ostenfeld et al. (2022) 237/1,168 NA
*Giner-Soriano et al. (2022) NA NA
Subgroup (I-squared = 69.2%, p = 0.000)

SSRIs vs none

1.04 (0.91,1.19) 4.12
1.11 (1.06, 1.16) 6.20
1.24 (1.18,1.31) 67.04

Chambers et al. (1996) 23/169 22/254 o 1.57 (0.85, 2.91) 0.51
Kulin et al. (1998) 30/267 21/267 = 1.43 (0.80, 2.56) 0.57
Einarson et al. (2001) 16/150 11/150 A 1.45 (0.65, 3.24) 0.31
Sivojelezova et al. (2005) 14/132 13/132 e 1.08 (0.49, 2.38) 0.32
Paulus et al. (2010) 23/202 91/714 T 1.00 (0.62, 1.64) 0.78
*Ban et al. (2012) 1,639/10,132 47,258/390,665 | =—— 1.50 (1.35, 1.66) 4.93
Klieger-Grossman et al. (2012) 32/213 18/212 T B 1.77 (0.96, 3.25) 0.52
*Andersen et al. (2013) 2,883/22/884 139,201/1,256,956 L 3 1.27 (1.22, 1.33) 6.23
*Johansen et al. (2015) NA NA 4 1.07 (1.03, 1.12) 6.24
*Evans-Hoeker et al. (2018) 11/57 118/1,484 - e 1.73 (1.00, 3.00) 0.63
“Wu et al. (2019) 35/179 617/5,228 —_— —— 1.45 (1.02, 2.06) 1.36
*Kitchin et al. (2022) 266/18,070  597/54,209 1.21 (1.04, 1.40) 3.90
Subgroup (I-squared = 81.3%, p = 0.000) 1.29 (1.15, 1.44) 26.31
SNRIs vs none

Einarson et al. (2001) 18/150 11/150 — 1.64 (0.75, 3.58) 0.33
Te Winkel et al. (2016) 85/732 46/730 —_——— 1.84 (1.27,2.68) 1.23
*Richardson et al. (2019) 46/281 140/1,405 e e 1.26 (0.83, 1.91) 1.02
Bahat et al. (2020) NA NA - - 1.89 (1.04, 3.43) 0.54

*Ankarfeldt et al. (2021) 143/1,201
Subgroup (I-squared = 46.9%, p = 0.110)

103,367/984,447

1.14 (0.96, 1.35) 3.53
1.42 (1.11,1.81) 6.65

NOTE: Weights are from random-effects model

Figure 2 Subgroup meta-analyses using general population comparator. Three subgroup analyses conduced. First subgroup
assessing any antidepressant use compared with unexposed individuals in general population. Second subgroup comparing
selective serotonin reuptake inhibitors (SSRIs) use and unexposed general population individuals. Third subgroup comparing
between serotonin-norepinephrine reuptake inhibitor use and unexposed general population individuals.

We performed a meta-analysis using papers whereby
exposure data were collected only through prescrip-
tion databases. These results highlighted an attenuation
towards the null compared with the primary meta-analysis
using all exposure classification methods (online supple-
mental table S6).

Meta-analysis results

Across all 29 studies using an unexposed general popula-
tion comparator, antidepressant use was associated with
miscarriage. Figure 2 illustrates the summary effect esti-
mate (pooled OR=1.24 95% CI 1.18 to 1.31, 1°=69.2%,

p<0.001), which included 18 adjusted estimates. However,
when stratifying for maternal depression and using a
comparator of unexposed depressed pregnant women,
the summary estimate decreased (pooled OR=1.16 95%
CI 1.04 to 1.31, I’=58.6%, p=0.034) (figure 3).
Additionally, studies were separated which investigated
SSRIs or SNRIs and their possible varying risks. When
comparing SSRIuse and no antidepressant use, the pooled
summary estimate for the outcome of miscarriage was 1.29
(95% CI 1.15 to 1.44, 1’=81.3%, p<0.001). Alternatively,
when comparing SNRI use with no antidepressant use, a
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Treated Controls Odds ratio Weight
Study author (year) n/N n/N (95% CI) %
AD use vs unmedicated depression
*Ban et al. (2012) 1,982/13,151  442/3,647 :—‘— 1.34 (1.19, 1.50) 17.02
*Kjaesgaard et al. (2013) 210/1,674 105/820 2 —: 1.00 (0.80, 1.24) 8.27
*Johansen et al. (2015) 2,359/20,612 NA : 0.97 (0.81,1.16)  10.78
Almeida et al. (2016) 165/1,955 720/10,719 +.— 1.26 (1.05, 1.50) 11.06
Evans-Hoeker et al. (2018) 2/16 5/72 : * 1.80 (0.32,10.12)  0.19
Kitchin et al. (2022) 385/2,216 1,205/8,276 + 1.19 (1.05, 1.35) 15.97
Subgroup (I-squared = 58.6%, p = 0.034) 0 1.16 (1.04, 1.31) 63.28
SSRIs vs other ADs
Einarson et al. (2001) 16/150 18/150 + 0.89 (0.44, 1.81) 1.07
Ban et al. (2012) 1,5639/10,132  443/3,019 1.04 (0.92, 1.16) 17.22
Klieger-Grossman et al. (2012) 32/213 34/212 < : 0.94 (0.56, 1.57) 1.94
Evans-Hoeker et al. (2018) 11/57 4/25 : . 1.21(0.35,4.16)  0.36
Wu et al. (2019) 35/179 7/44 : - 1.23(0.51,2.95) 0.7
Subgroup (I-squared = 0.0%, p = 0.972) <> 1.03 (0.93, 1.15) 21.30
SNRIs vs other ADs
Einarson et al. (2001) 18/150 16/150 #: 1.12(0.55,2.29)  1.07
*Richardson et al. (2019) 46/281 144/843 —J—}— 1.00 (0.65, 1.53) 2.80
*Ankarfeldt et al. (2021) 143/1,201 2,815/27,330 + 1.23 (1.04, 1.46) 11.55
Subgroup (I-squared = 0.0%, p = 0.665) O 1.19 (1.02, 1.39) 15.42

NOTE: Weights are from random-effects model

Figure 3 Three random-effect meta-analysis using depressed cohort comparator. First subgroup assessing any antidepressant
use against unmediated depressed individuals. Second subgroup comparing selective serotonin reuptake inhibitors (SSRIs) use
and different types of antidepressants (this includes data from papers which compared SSRIs and serotonin-norepinephrine
reuptake inhibitors (SNRIs), SSRIs and tricycleric antidepressants (TCAs), SSRIs and any other antidepressants). Third subgroup
analysis compared SNRI use and different types of antidepressants (this includes data from papers comparing SNRI and SSRI).

higher summary estimate was observed (pooled OR=1.42
95% CI 1.11 to 1.81, I°=49.6%, p=0.11) (figure 2).

Subgroup analyses investigating SSRIs and SNRIs
separately were performed again after restricting to a
depressed cohort. When comparing SSRI use and indi-
viduals using other antidepressant types, it produced an
attenuated summary estimate of 1.03 (95% CI 0.93 to
1.15, ’=0%, p=0.972). Whereas the summary estimate
comparing SNRI against other antidepressant use on
the outcome of miscarriage was slightly higher (pooled
summary estimate=1.19 95% CI 1.02 to 1.39, 1’=0%,
p=0.665) (figure 3).

DISCUSSION

Summary of evidence

This is the largest and most up-to-date review investi-
gating the association between antidepressant use during
pregnancy and miscarriage, with around twice as many
studies included than previous reviews.?’* After pooling
best estimates from 29 studies, we found little evidence
to suggest an increased risk of miscarriage among anti-
depressant users after stratifying by maternal depression,

with Cls almost spanning the null. The increased risk of
miscarriage among pregnant women taking antidepres-
sants compared with unexposed pregnant women in the
general population is likely driven by confounding by
indication.

Interpretation of findings

The general population analysis result was comparable
to other smaller meta-analyses, which found effect esti-
mates of 1.45,1.49 and 1.47.82°2 The increased estimates
found by these papers are likely driven by fewer included
studies, with 11, 14 and 6 respectively, compared with 29
in our study. The elevated effect estimates when using
a general population control could likely be driven by
confounding by indication, a bias which is lessened
when comparing with depressed controls. To the best of
our knowledge, meta-analyses in the field investigating
miscarriage have not yet used an unexposed depressed
comparator; thus, no comparable results exist. As only
six studies were used in this subgroup meta-analysis,
the summary estimate lacks power and robustness,
inducing potential for chance findings, highlighted by
large SEs. Additionally, this weak miscarriage risk could
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be reflecting depression severity, whereby unexposed
depressed individuals have a lower severity of depres-
sion than exposed individuals. Studies have indicated
miscarriage risk between individuals continuing and
discontinuing antidepressant use on start of pregnancy
is similar.'® *8 Therefore, future studies should incor-
porate the comparator of discontinued antidepressant
use to allow for more comparable depression severity.
Furthermore, other confounding factors that were not
adequately controlled for could be biasing this estimate;
thus, adjusting for all key confounders is essential in
future studies to minimise residual confounding.

Our study found that SNRIs carry a greater risk of
miscarriage than SSRIs when compared with an unex-
posed general population comparator group. No
meta-analyses have been conducted on SNRIs to our
knowledge, likely due to the higher prevalence of other
antidepressant use during pregnancy, for example,
SSRIs."” Previous reviews using a fixed-effect method
found ORs of 1.70 and 1.87 when comparing SSRIs to
unexposed general population comparators.”” °* The
lower effect estimate of 1.30 observed in our study may
be partially driven by the use of a random-effect model
to account for high heterogeneity, as well as the inclusion
of an additional eight studies. The elevated point esti-
mate for SNRIs compared with SSRIs may suggest that
miscarriage risk differs between antidepressant classes.
Alternatively, these estimates could be highlighting
confounding by indication, which was further explored
in a set of subgroup analyses that stratified by maternal
depression. The summary effect estimates between both
SSRIs and SNRIs and other antidepressant classes atten-
uated towards the null, thus, emphasising the potential
impact of confounding by indication. The SSRI anal-
yses had consistently lower estimates, including against
other antidepressant classes, when comparing pooled
estimates with those from the SNRI analyses. The differ-
ence in point estimates within the subgroup analysis
could be reflecting the differing population types, as
SSRIs are used as first line treatment for depression,”
whereas SNRIs are often used in individuals with more
severe depression or when first line options may have not
worked.® Thus, these results provide evidence for the
potential impact of confounding by depression severity,
whereby the elevated pooled estimate from the SNRI
analysis could be driven by non-exchangeability between
individuals who use different classes of antidepressants.
Confounding by disease severity was highlighted in
the largest included study in the SNRI analysis which
discussed that the risk difference observed between
duloxetine (SNRI) and SSRI users could be depression
severity and residual confounding.”® However, given
the Cls overlap for the subgroup analyses of SSRIs and
SNRIs, it is plausible that the true pooled estimates for
each analysis are the same. Future network meta-analyses
may help elucidate the intricacies of the relationship

between individual antidepressant medications or classes
and miscarriage.

Limitations of included studies

The included studies had several limitations. First, only
7% of studies had a moderate overall RoB, due to the
limited level of confounding adjustment in papers within
the field. Only nine papers adjusted for any variable
within all three key confounding domains (online supple-
mental table S5). Therefore, the included studies may
suffer from residual confounding, as strong risk factors
for miscarriage, including cotreatments and comorbid-
ities are likely imbalanced between exposure groups,**
and any effect estimates may be biased away from the null.
Additionally, we could not assess by length or severity of
depressive disorder as this was rarely stated in the studies.

A second limitation of the included studies is infor-
mation bias due to exposure misclassification. Exposure
was assessed mainly via self-report from physician or indi-
vidual, or prescription databases. However, only 60%
agreement has been found between prescription and
self-report data,'® with conflicting evidence as to the most
accurate method to assess exposure to medication.”” *®
Teratogen surveillance data were used in several included
studies; however, it poses difficulty as women enquiring
aboutantidepressant exposure are automatically classified
as exposed, when they may discontinue use after enquiry.
Prescription database error could be less impactful, as it
likely suffers from non-differential misclassification and
biases the estimate towards the null.'”® This is shown in
our sensitivity analysis that was conducted using only
prescription database papers whereby results attenuated
towards the null (online supplemental table S6), and
could potentially be reflecting a more accurate measure
of risk. Alternatively, self-report data could be more accu-
rate in terms of ingested drug usage. Nevertheless, sensi-
tivity analyses comparing self-report and prescription
database inaccuracies indicate that exposure misclassifi-
cation does not impact effect estimates significantly, and
only reduces precision.'® Future studies should also look
to report number of antidepressant prescriptions as this
was rarely collected in previous studies, and is a crucial
factor to be investigated.

Thirdly, selection bias is another common methodolog-
ical limitation in this field. A significant issue observed is
that the start of intervention and follow-up do not coin-
cide. This results in conditioning on women who have not
experienced a miscarriage between the start of intervention
and follow-up but excluding eligible individuals who have.
Additionally, exposed individuals are more likely to be in
consultation with their healthcare professional when plan-
ning a pregnancy to discuss potential risks of antidepres-
sants, compared with unexposed individuals. This results in
exposed individuals having a longer observed risk period
and as such, more chance of detecting and recording
miscarriages, therefore biasing results away from the null.”
These methodological errors contributing to a bias which
occurs when individuals who have already experienced the
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outcome of interest at the point of study commencement
not being included,” referred to as left truncation.”"

Strengths and limitations of review

Our review has important strengths not addressed in any
previous review investigating miscarriage. Confounding
by indication and depression severity was a key part of
the analysis and results, elucidating the true independent
effect of antidepressant use during pregnancy. As this
important bias has not previously been addressed in any
other review in the field, it emphasises the requirement
for accounting for psychiatric illness in future reviews and
studies to avoid biased estimates. To the best of our knowl-
edge, our study was also the first review in this field to assess
RoB using the ROBINS-I tool. This tool gave a significant
advantage over the commonly used Newcastle-Ottawa scale
and highlighted the need for more thorough confounding
adjustment and reporting of missing data in future studies.
Additionally, the issues surrounding exposure recall bias
were minimised using mainly cohort studies, and the
included case-control studies having prospective exposure
measurement. Finally, 29 studies published up to 2022 were
identified and used in the review through an extremely
thorough search strategy, thus enhancing statistical power
and insight over previous reviews.

The review also had limitations. The studies included
could suffer from publication bias as few studies were
distributed around the null line and most found associ-
ations that transcended the null (online supplemental
figure S2). Additionally, small studies producing inverse
relationships are absent from the field. This conclusion
was supported by the small p value produced in the Egger
test. If only positive results are being published, this could
result in exaggerated review results. The authors did not
include grey literature due to limited resource which
could have also contributed to this finding. Alternatively,
these conclusions may not be driven by publication bias,
but instead either real causal associations or lack of meth-
odological rigour throughout the studies.

High heterogeneity also existed between papers,
likely due to the included studies investigating different
research questions, implementing different meth-
odologies and populations, timing of exposure and
confounding adjustment, thereby reducing the quality of
the meta-analysis. Additionally, the lack of available data
prevented a trimester specific subgroup analysis. Previous
studies have identified first trimester miscarriage risk with
antidepressant use to be higher compared with second
trimester,'® indicating antidepressant exposure could be
time sensitive. However, this could reflect the time window
for highest risk of miscarriage being between weeks 7 and
12, during first trimester.” Future reviews should aim to
incorporate this subgroup analysis to investigate whether
it alters conclusions made.

CONCLUSION
In conclusion, we did not find any clear evidence to
suggest antidepressants increase the risk of miscarriage,

though the results should be treated with caution due to
the large heterogeneity present. This report highlights
the effect of confounding by indication on previous litera-
ture. As RCTs cannot be used, future observational studies
with larger sample sizes and more robust confounding
adjustment, especially in relation to indication for treat-
ment are needed. Triangulating results with differing
methodologies should help strengthen causal inference.
Additionally, network meta-analyses are needed to fully
investigate the differing risk between antidepressant
classes. Overall, the present study provides a summary of
the most up-to-date findings of miscarriage risk following
antidepressant use during pregnancy, to better inform
clinicians and women when weighing up treatment for
depression during pregnancy.
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