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Objective: To evaluate the association between antipsychotic use in pregnancy and
the risk of congenital malformations in children.

Data sources: Searches of PubMed, EMBASE, PsycINFO and Cochrane Library were
conducted from inception to 06 January 2020 using keywords: antipsychotics, preg-
nancy, pregnancy complication and congenital abnormalities.

Study selection: Of 38 reports initially identified as being of potential interest,
13 studies met our inclusion criteria: English observational studies that examined the
association between gestational antipsychotic use and congenital malformations in
children.

Data extraction: Data were extracted independently by 2 investigators including the
publication year, study site, study period, data source, study design, sample size,
medication exposure, exposure period and pregnancy definition, exposure as well as
outcome ascertainment, selection of study and comparison group, confounding
adjustment, statistical analysis, and method of linkage between mother and children.
Risk estimates were pooled using a random-effect model and the I? statistic was used
to evaluate the degree of heterogeneity.

Results: Thirteen studies met our systematic review inclusion criteria. Six studies
with a total of 2 515 272 pregnancy episodes were included in our meta-analysis,
which provided a pooled adjusted risk ratio of 1.23, 95% confidence interval: 0.96-
1.58. The I? result showed moderate heterogeneity between studies (> = 35.2%,
P=.173).

Conclusion: We did not find strong evidence of an association between prenatal
exposure to antipsychotic medications and the risk of congenital malformations in

children. We recommend further studies investigate this association, focusing on

Abbreviations: aRR, adjusted risk ratio; Cl, confidence interval; FGA, first-generation antipsychotic; NOS, Newcastle-Ottawa Scale; OR, odds ratio; PS, propensity score; RR, risk ratio; SGA,

second-generation antipsychotic.
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1 | INTRODUCTION

Antipsychotics are commonly used as first-line treatment for mental
disorders such as schizophrenia and bipolar disorders.*? Pregnancy
can lead to physiological, hormonal and psychological variations®*
that may increase the risk of psychiatric disorders.> Moreover,
treatment with antipsychotics during pregnancy can be necessary
for women with pre-existing severe mental illness to reduce symp-
toms and to prevent relapse.® Discontinuation of treatment may
not only increase maternal anxiety levels but also affect
foetoplacental integrity and central nervous system development in
offsprings.” Pharmacologically, antipsychotics can cross the placenta,
thereby causing an unintended impact on neonatal development.®
Clinicians should consider both the benefits and potential risks of
gestational antipsychotics use, as well as any potential risks associ-
ated with discontinuation of on-going antipsychotic treatment. An
increasing trend of antipsychotic use, in particular atypical antipsy-
chotics, in pregnancies has been observed in the last 3 decades.” 1!
It is therefore important to investigate the safety of these
medications.

Congenital malformations include single or multiple defects of
the morphogenesis of organs or other body parts identifiable at
birth or during the intrauterine life.'> Malformation in the
offspring can lead to long-term disability, illness and death.® The
global prevalence of congenital malformations is around 2-3% and
the most common severe congenital malformations are heart
defects and neural tube defects. In addition to genetic and
socioeconomic factors that may increase the risk of having a foetus
affected by congenital malformations, other potential causes
include maternal exposure to alcohol, tobacco, radiation and
medications. 314

The most recent systematic review and meta-analysis was publi-
shed in 2015 and included articles published before 2013 with
1 640 357 pregnancy episodes.’®> Of the 7 studies included, 2 were
literature reviews.!®> Coughlin et al. concluded that there was an
increased risk of congenital malformations, based on crude results
without confounding adjustments (odds ratio [OR]: 2.12, 95% confi-
dence interval [Cl]: 1.25-3.57) and thus the validity of the finding is
questionable.r®> Since 2013, new research has been published,
including observational studies using electronic healthcare databases
or registries with advanced epidemiological methodologies.2¢"2° We
conducted this systematic review and meta-analysis including all
literature published until January 2020 to provide a more precise risk
estimate between the use of antipsychotic agents in pregnancy and

congenital malformations in children.

specific medication classes and dose responses, which would help clinicians decide

whether to prescribe certain antipsychotics during pregnancy.

antipsychotics, congenital malformation, pregnancy

2 | METHODS

2.1 | Search strategy and selection criteria

Following the Preferred Reporting Items for Systematic Reviews and
Meta-analyses guidelines, a systematic literature search was con-
ducted in PubMed, EMBASE, PsycINFO and Cochrane Library data-
bases from the inception to 6 January 2020 to search for all
observational studies that investigated congenital malformations after
antipsychotic exposure during pregnancy. The complete list of search
terms is presented in Appendix A. Study protocol was registered in
the International Prospective Register of Systematic Reviews data-
base (PROSPERO: CRD42018095014).

Studies were included if they were observational studies (either a
cohort or case-control design) reported the association between ges-
tational antipsychotic use and congenital malformations in children.
We excluded animal studies, case reports, conference abstracts, book
chapters, reviews, and summaries or articles written in languages
other than English.

Two investigators (ZW. and B.A.) independently conducted
screening for all articles returned from the literature search to identify
studies that fulfilled our inclusion criteria with discrepancies resolved
through discussion or, if necessary, with adjudication by a third
researcher (P.M.). Two authors (ZW. and P.M.) independently
extracted relevant information from the included studies to the data
collection form to ensure consistency and accuracy. The data collec-
tion form contains information on study publication year, study site,
study period, data source (categorised with reference to previous
methodological study?!), study design, sample size, medication expo-
sure, exposure period and pregnancy definition, exposure identifica-
tion, selection of study and comparison group, confounding
adjustment, outcome assessment, statistical analysis, and method of
linkage between mother and children. Risk estimates such as risk ratio
(RR), OR and the corresponding 95% Cls were extracted and included
in the meta-analysis. If the relevant estimates were not directly avail-
able in the included studies but sufficient information was reported,

we calculated the corresponding risk estimates accordingly.

2.2 | Quality assessment and data analysis

Two investigators (Z.W. and P.M.) independently assessed the quality
of studies using the Newcastle-Ottawa Scale (NOS).2? Selection (rep-
resentativeness), comparability (controls or adjustment for con-

founding factors) and outcome (assessment and follow-up) are the
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domains of the assessment. NOS rating score ranges from O to 9, a
higher score indicating better quality. Studies with good quality, i.e. at
least 1 score in each domain and a 5 or above score in total, were
included in the meta-analysis.

Risk estimates with the corresponding 95% CI were pooled in
the meta-analysis with a random-effect model®® with further sub-
group analyses based on the included studies reported outcomes
with different generations of antipsychotics. Higgins' I? statistics was
used to assess the heterogeneity with larger values indicate higher
heterogeneity.2* Cochran's Q test with 2-sided P-value less than the
0.1 cut-off was considered statistically significant for heterogene-
ity.2* P < .05 was used for all other analyses. Study with the largest
sample size was included in the meta-analysis if articles used the
same data source or population. Additionally, we conducted sensitiv-
ity analyses: (i) we calculated E-values for each study using an online
calculator to evaluate the impact of unmeasured confounding factors,
while the E-value is defined as “the minimum strength of association,
on the risk ratio scale, that an unmeasured confounder would need
to have with both the treatment and outcome, conditional on the
measured covariates, to fully explain a specific treatment-outcome

s 25-27 A

association large E-value indicates that considerable

unmeasured confounding would be necessary to explain an effect

estimate 2427

ii) We conducted subgroup analysis according to the
time of exposure during pregnancy. All meta-analyses were con-

ducted using STATA 15.
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2.3 | Role of the funding source

There was no funding source for this study. All authors had full access
to the study data and the corresponding author had final responsibility
for the decision to submit the report for publication.

3 | RESULTS

We identified 2210 records for screening after removing duplicates
on 6 January 2020. Out of 38 full-text studies assessed for eligibility,
13 studies met our inclusion criteria for the systematic review, involv-
ing 2 612 385 pregnancy episodes. Figure 1 shows the search and
selection process.

Tables 1 and 2 summarise the characteristics of the included
studies. All studies were published in English: 8 prospective cohort

17.19.2033 3 1 case-

studies,*61828-32 4 retrospective cohort studies
control study.®*
Four studies assessed any antipsychotic exposure in

mothers,17’19’20’33

while 3 studies focused on first-generation antipsy-
chotics (FGAs)?®3132 and 6 studies focused on any second-generation
antipsychotics (SGAs).1¢18:28-3034 However, only Habermann et al.?’
provided detailed descriptions as to whether the SGA-exposed group
was administered concomitant medications alongside FGAs. It is

therefore impossible to ascertain whether the effect is due to SGAs or

5 references identified through
hand-searching

2172 records met the

2210 records after
duplicates removed

exclusion criteria (28 non-
English studies, 259 animal
studies, 245 case report/series,

1304 other study type
articles, 286 studies did not
investigate on antipsychotic

use during pregnancy and 50
v studies did not focus on

38 full-text articles
assessed for eligibility

outcome of interest)

25 articles excluded
(did not focus on outcome of
interest or did not provide
v relevant outcome parameters)

13 studies included in
systematic review

7 studies excluded
»| (zero score in subsection or a
less than five score in total in

v

6 studies included in
meta-analysis

study quality assessment)

2524 records identified through
5 database searching:
kS PubMed: 1687
= EMBASE: 299
g PsycINFO: 486
3 Cochrane Library: 52
o0
.g
8
o
53
1}
2
;'—5'
&
m
B
<
2
R
FIGURE 1  Study selection
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(Continued)

TABLE 1

Confounding
adjustment

Yes

Mother-baby linkage

Data source Study design Sample size®

Country
USA

Study period

Study

Yes, state, Medicaid case

9991 exposed,

Retrospective,

Nationwide Medicaid analytic

2000-2010

Huybrechts et al.*’

number (family identifier)

1331910

cohort

extract database

and delivery/birth dates

unexposed

Administrative database/registry

THIN and CPRD

Yes

Yes, household identifier

290 exposed,

Retrospective,

UK

1995-2012

Petersen et al.?°

and same general

practice

210 996
unexposed
22 387 cases,

cohort

Administrative database/registry

No

Retrospective, Yes, interview

NBDPS

USA

1997-2011

Anderson et al.3*

adjustment

11 470 controls

case control

Ad hoc disease registry

ENTIS: The European Network of Teratology Information Services; TIS: Teratology information service; ICES: Institute for Clinical Evaluative Sciences; THIN: The Health Improvement Network; CPRD: Clinical

Practice Research Datalink; NBDPS: National Birth Defects Prevention Study.

aSample size represents the number of pregnancy episodes.

PDetails are not available.
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the comedications i.e. other antipsychotic agents in any of the

included studies, except the Habermann et al®

16,19,20,30,33,35

study.

Six studies reported the daily dose of antipsychotics

or dose effect but only Huybrechts et al.t?

evaluated the effect using
dose-response analysis and reported no evidence of a dose-response
association for any of the individual antipsychotics except for
risperidone. Dosage of risperidone of at least 2 mg/d was associated
with an increased risk of cardiac malformation (RR: 2.08, 95% Cl:
1.32-3.28).

Six included studies used at least 1 approach to deal with

confounders,t’-20:29:33

such as multivariable adjustments in regression
model, restriction in control group selection or using a propensity
score (PS) method. Except for simply comparing the outcome estimate
between exposure and nonexposure, 2 studies applied additional con-
trol groups in order to control for confounding by indication: Petersen
et al.?° used discontinuers (women who had taken medications before
pregnancy but had no dispensed record for an antipsychotic medica-
tion during pregnancy) as a negative control group (which indicated
that the risk of congenital malformations was associated with poten-
tial maternal psychiatric disorders rather than exposure to antipsy-
chotics in pregnancy); while Habermann et al.?° chose women who
took other types of antipsychotics (e.g. less anabolic or other genera-
tion antipsychotics) as an active control group.

The outcomes in included studies were assessed through either
database records, physician reports, or by a structured questionnaire
or interview. Four out of 13 studies did not provide details of those
lost to follow-up.1®?83132 Nine out of 13 studies referred to the link-
age method between mother and children.16-20:29:30.33,34

Six studies were deemed to be of good quality according to NOS
assessment and were included in the meta-analysis'” 202233
(Appendix B and C). Others were excluded due to their poor quality,
with a score of zero in the NOS comparability assessment section. All
included studies in the meta-analysis were considered to have a low
risk of bias. As there were <10 studies included in the meta-analysis,
we did not examine the publication bias for included studies.3

Appendix D summarise the individual study results. Overall, there
was no statistically significant association between the risk of congen-
ital malformations and prenatal exposure to any antipsychotics
(adjusted RR [aRR]: 1.23, 95% Cl: 0.96-1.58, I? = 35.1%, P = .173;
Figure 2)177202933 55 well as SGAs subgroup (aRR: 1.35, 95% ClI:
0.73-2.47, I = 65.4%, P = .056; Figure 3)."81%2%

We conducted a sensitivity analysis according to the timing of
exposure during pregnancy. Four studies limited an exposure time to
the first or second trimester rather than anytime during pregnancy
with an aRR of 1.05 (95% Cl: 0.96-1.15)17192033 (Appendix E). No
observed heterogeneity was found (1? = 0.0%, P = .581).

4 | DISCUSSION

Overall, this systematic review and meta-analysis suggests that
there is no strong evidence to demonstrate an association between

prenatal exposure to any antipsychotics or, in particular SGAs, and
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Study

aRR (95% Cl) Weight

% FIGURE 2 Forest plot of the meta-
analysis for congenital malformation. aRR:
adjusted risk ratio; Cl: confidence interval

Reis and Kallen (2008) e — 1.00 (0.45, 2.24) 8.15
Habermann et al. (2013) — 2.17 (1.20, 3.91) 13.25
Vigod et al. (2015) —_— 1.19(0.75,1.91)  18.30
Cohen et al. (2016) ¢ 0.69 (0.06,8.09) 1.02
Huybrechts et al. (2016) - 1.04 (0.95,1.14)  47.44
Petersen et al. (2016) s 1.59 (0.84, 3.00) 11.84
Overall (I-squared = 35.2%, p = 0.173) <> 1.23 (0.96, 1.58)  100.00
NOTE: Weights are from random effects analysis
T
.06 1 16.7
Study % FIGURE 3 Forest plot of the meta-
analysis for congenital malformation (second-
0 aRR (95% CI) Weight generation antipsychotic subgroup). aRR:
adjusted risk ratio; Cl: confidence interval
Habermann et al. (2013) — 2.17 (1.20,3.91) 37.41
Cohen et al. (2016) < 0.69 (0.06, 8.09) 5.56
Huybrechts et al. (2016) - 1.05 (0.96, 1.16) 57.03
Overall (I-squared = 65.4%, p = 0.056) <:> 1.35 (0.73, 2.47) 100.00
NOTE: Weights are from random effects analysis
T T
.06 1 16.7

congenital malformations in children. Also, there is no evidence to
supported an association between exposure to antipsychotics within
the first or second trimester and congenital malformations in chil-
dren. As we focused solely on overall congenital malformations, we
cannot report on the risk of individual malformation types. Our
result differs to the findings of a previous systematic review
study,*® which be due to the fact that Coughlin et al.'® used crude
results rather than adjusted estimates which could have affected
the validity of the pooled estimates. Also, we included current stud-
ies with larger sample sizes in our meta-analysis and we suggest
that, if there is an increased risk, the effect size is probably smaller
than that reported previously.

1.2%, which

We estimated an E-value of 3.76 for Habermann et a
implies their results are unlikely to be affected by unmeasured con-
founding factors, unless there are unadjusted factors with a magni-
tude as strong as 3.76 (Appendix F).

Three of 6 meta-analyses studies reported outcomes following

18,19,29

SGAs exposure, while only 1 focused on FGAs*® which may be

partly explained by the changing trend of antipsychotic use in

pregnancy (SGA use increased over time).'

Although our systematic
review did not include sufficient studies to conduct a meta-analysis
for the FGA subgroup, the only study that compared SGAs to FGAs
exposure after the first trimester reported no significant differences
for the rate of major malformations.?’

In this systematic review, there were some methodological
challenges.

Firstly, although it would be ideal to investigate the adverse out-
comes in FGAs and SGAs respectively, even to examine the risks of
specific antipsychotics individually, it is still a practical challenge due
to the limited number of patients who are exposed. Additionally, use
of concomitant medications, such as lithium and valproate, may be a
potential confounder. It is noted that subgroup analysis conclusion
was based on studies reporting outcomes following SGAs exposure
rather than mutually exclusive SGAs users. It is not able to conduct
FGAs subgroup analysis due to insufficient studies. Further studies
may consider using mutually exclusive comparison cohorts
(i.e. exclusively FGAs and exclusively SGAs subgroups) to address this

by having multicentre databases with larger sample sizes.
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Moreover, although an administrative database/registry is nor-
mally considered as a good first choice for a representative study
sample, 2 misclassification is still a significant limitation. An accurate
exposure assessment is important to minimize bias, studies should
select women with continuous usage of antipsychotics for a period or

1.3° and Vigod et al.*” to mini-

at least 2 prescriptions like Sadowski et a
mize any exposure misclassifications. Measurement of medication
concentration in maternal blood could potentially be an ideal method
to validate exposure status, although it is not available in most data
sources.?! Additionally, some administrative databases/registries, such
as The Health Improvement Network database, do not contain pre-
scriptions from specialists, which may cause underestimation of expo-
sure duration or overall exposure episodes.?’ Furthermore, poor
antipsychotic adherence among patients with schizophrenia is

3738 and we cannot confirm whether the patient collected or

common,
took prescribed medication in database studies, which may influence
the accuracy of actual medicine records.

Exposed time in different gestation periods may lead to distinct
results relevant to the pathogenesis, e.g. the critical period for neural
tube development is 17-30 days of gestation.?! Petersen et al.?° lim-
ited the study period for occurrence of the outcome of interest to
31-105 days after the start of pregnancy, and only 6 out of
13 included studies*”*?31~34 specified the exposure period to early
pregnancy rather than general pregnancy. Further studies should
stratify specifically for different trimesters.

Observational studies are the only practical study designs to
investigate the association between antenatal medication exposure
and foetal risk, mainly due to the ethical implications of conducting a
clinical trial.?* Confounding bias, 1 of the main types of bias in obser-
vational studies, can influence the validity of obtained estimates.
Among the included studies, multivariable adjustments were still the
most common method to manage potential confounders (5 out of
6).18-20.29.33 Maternal age, smoking and alcohol consumption are con-
sidered the most relevant factors that can influence pregnancy com-
plications and birth outcomes.®”~** However, in our meta-analysis,
only 3 studies considered all 3 of these factors as covariates.??2%2?
Habermann et al. adjusted for alcohol consumption in the final
model.2’ Three studies applied PS methods to address the effect of

17-19 \whereas only 1 study used negative control analy-

confounding,
sis, which can address alternative factors rather than the exposure
factor being studied.?° No study used sibling-matched analysis, which
could address confounding factors such as genetic and socioeconomic
status as well as family disease history.2? It is also noted that, although
there is no way to address confounding by indication, its effect could
be minimized by selecting an active comparator control group
e.g. antidepressants. It is essential to address confounding factors in a
comprehensive manner in future studies in order to minimize the
potential for bias.

We found that studies rarely stated precisely which malformation

d19-20.28.29.32-34 34 this needs to be improved.

outcomes were include
Good examples are Petersen et al.?°, Reis and Kallen,®® and Anderson
et al.3* which provided a list of congenital malformations included; by

contrast, only Huybrechts et al.*’ presented the risk for a specific

BRITISH
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malformation (cardiac malformation with no evidence of an associa-
tion). It is vital for future studies to identify the effect on specific mal-
formations as specific patterns of malformation can potentially reveal
the mechanism of teratogenicity, such as sodium valproate and neural
defects.*? It is noted that the reviewed studies included only live
births and therefore early terminations (either selective or spontane-
ous abortions/miscarriages) are not included, which may underesti-
mate the rate of malformation. Additionally, this study did not include
other adverse obstetric and offspring outcomes (such as gestational
hypertension, pre-eclampsia, preterm delivery, small or large for gesta-
tional age) in the benefit-risk consideration.

The potential consequences of untreated psychotic episodes may
be severe and lead to a higher risk of relapse or exacerbation of symp-
toms, antipsychotics should be continued prescribing during preg-
nancy if there is a clinical need® For pregnant women with
schizophrenia and/or related disorders, it is necessary to weigh the
risk and benefit of potential adverse outcomes of antenatal exposure
to medications against the potential risk of untreated illness. Also, we
would not advise clinicians to switch treatment from SGAs to FGAs or
FGAs to SGAs in the absence of an increased risk associated with the
use of different drug classes.

We have included all relevant literature on the risk of congenital
malformations in children with prenatal antipsychotic use in this sys-
tematic review and meta-analysis. Reviewer selection bias was
minimised by using a comprehensive search strategy, independent
text screening and data extraction. All included studies in our meta-
analyses were conducted with administrative databases/registries or
ad hoc disease registries which provided a relatively large sample size
and good generalisability in the corresponding population.?* All stud-
ies were based in western countries, and we cannot determine if the
effect is similar in different ethnic populations (e.g. Asian). Methodo-
logical differences in study designs, the selection of the exposure and
control groups, duration of follow-up, and exposure and outcome def-
initions, may all have influenced the risk estimates. We observed mod-
erate heterogeneity (I? = 35.2%) in overall adjusted pooled estimates.
This could represent the consistency of the findings but it may also be
due to the small number of included studies.*® Future studies should
be conducted using an appropriate exposure period, adequate follow-
up time, a larger sample size and address potential covariates with a
more comprehensive approach, such as using the PS method and
sibling-matched analysis. Studies focusing on individual agents, dose
response and specific congenital malformations are also rec-

ommended in the future.

5 | CONCLUSIONS

This systematic review and meta-analysis suggests that there is no
strong evidence of an association between women exposed to
antipsychotic agents during pregnancy and overall congenital mal-
formations in children. Future studies are recommended that
should focus on typical or atypical antipsychotics, dose response

and specific congenital malformations using a large sample size
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with a comprehensive study design in order to help clinicians to
decide whether to continue antipsychotic prescriptions during

pregnancy.
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APPENDIX A: SEARCH TERMS

PubMed:

Keywords
A Antipsychotics

B  Antipsychotics
C  Pregnancy

D  Pregnancy
complication

E Congenital
abnormalities

MeSH/pharmacological action

term

Antipsychotic agents

Antipsychotic agents

Pregnancy

Pregnancy complications

Congenital abnormalities

Terms as a free text
Agents, antipsychotic
Antipsychotics

Major tranquilizers
Tranquilizers, major

Tranquillizing agents,
major

Agents, major
tranquillizing

Major tranquillizing
agents

Neuroleptic drugs
Drugs, neuroleptic
Neuroleptics

Tranquilizing agents,
major

Agents, major
tranquilizing

Major tranquilizing
agents

Antipsychotic drugs
Drugs, antipsychotic
Neuroleptic agents
Agents, neuroleptic
Antipsychotic effect
Effect, antipsychotic
Antipsychotic effects
Effects, antipsychotic

Pregnancies
Gestation

Complication,
pregnancy

Pregnancy complication

Complications,
pregnancy

Abnormality, congenital

Congenital abnormality
Deformities

Deformity

Congenital defects
Congenital defect
Defect, congenital

Defects, congenital

Search terms

(CChcecceeccttantipsychotic agents”[MeSH]) OR
antipsychotic agent*) OR agents, antipsychotic) OR
antipsychotics) OR major tranquilizers) OR
tranquilizers, major) OR tranquillizing agents, major)
OR agents, major tranquillizing) OR major
tranquillizing agents) OR neuroleptic drugs) OR
drugs, neuroleptic) OR neuroleptics) OR tranquilizing
agents, major) OR agents, major tranquilizing) OR
major tranquilizing agents) OR antipsychotic drugs)
OR drugs, antipsychotic) OR neuroleptic agents) OR
agents, neuroleptic) OR antipsychotic effect) OR
effect, antipsychotic) OR antipsychotic effects) OR
effects, antipsychotic

“Antipsychotic agents”’[pharmacological action]

(((“pregnancy”’[MeSH]) OR Pregnan*) OR pregnancies)
OR gestation

((((“pregnancy complications”[MeSH]) OR pregnancy
complication*) OR complication, pregnancy) OR
pregnancy complication) OR complications,
pregnancy

(CCCCCccccct-“congenital abnormalities”’[MeSH]) OR
congenital Abnormalit*) OR abnormality, congenital)
OR congenital abnormality) OR deformities) OR
deformity) OR congenital defects) OR congenital
defect) OR defect, congenital) OR defects,
congenital) OR abnormalities, congenital) OR birth
defects) OR birth defect) OR defect, birth) OR
defects, birth
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MeSH/pharmacological action
Keywords term Terms as a free text Search terms
Abnormalities,
congenital

Birth defects
Birth defect
Defect, birth
Defects, birth

1. AORB

2. DORE

3. 1AND CAND 2

EMBASE:

Keywords Map term Terms as a free text
A Antipsychotics Neuroleptic agent Agents, antipsychotic
Antipsychotics
Major tranquilizers
Tranquilizers, major

Tranquillizing agents,
major

Agents, major
tranquillizing

Major tranquillizing
agents

Neuroleptic drugs

Drugs, neuroleptic

Neuroleptics

Tranquilizing agents,
major

Agents, major
tranquilizing

Major tranquilizing agents

Antipsychotic drugs
Drugs, antipsychotic
Neuroleptic agents
Agents, neuroleptic
Antipsychotic effect
Effect, antipsychotic
Antipsychotic effects
Effects, antipsychotic

B Pregnancy Pregnancy Pregnancies
Gestation

C  Pregnancy complication Pregnancy Complication, pregnancy

complication Pregnancy complication
Complications, pregnancy

D  Congenital Congenital disorder Abnormality, congenital
abnormalities

Search terms

Neuroleptic agent. Mp. Or neuroleptic agent/OR
(antipsychotic agent™ or agents, antipsychotic or
antipsychotics or major tranquilizers or tranquilizers,
major or tranquillizing agents, major or agents, major
tranquillizing or major tranquillizing agents or neuroleptic
drugs or drugs, neuroleptic or neuroleptics or tranquilizing
agents, major or agents, major tranquilizing or major
tranquilizing agents or antipsychotic drugs or drugs,
antipsychotic or neuroleptic agents or agents, neuroleptic
or antipsychotic effect or effect, antipsychotic or
antipsychotic effects or effects, antipsychotic)

Pregnancy. Mp. Or pregnancy/OR (Pregnan* or pregnancies
or gestation)

Pregnancy complication. Mp. Or pregnancy complication/
OR (pregnancy complication* or complication, pregnancy
or pregnancy complication or complications, pregnancy)

Congenital disorder. Mp. Or congenital disorder/OR
(congenital Abnormalit* or abnormality, congenital or

(Continues)
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Keywords

1. CORD
2. AANDBAND 1

A

B

Cochrane Library:

Keywords
Antipsychotics

Pregnancy

WANG ET AL

Map term

MeSH
Antipsychotic agents

Pregnancy

Terms as a free text

Congenital abnormality

Deformities
Deformity
Congenital defects
Congenital defect
Defect, congenital
Defects, congenital
Abnormalities, congenital
Birth defects

Birth defect
Defect, birth
Defects, birth

Terms as a free text
Agents, antipsychotic
Antipsychotics

Major tranquilizers
Tranquilizers, major

Tranquillizing agents,
major

Agents, major
tranquillizing

Major tranquillizing
agents

Neuroleptic drugs
Drugs, neuroleptic
Neuroleptics

Tranquilizing agents,
major

Agents, major
tranquilizing

Major tranquilizing agents
Antipsychotic drugs
Drugs, antipsychotic
Neuroleptic agents
Agents, neuroleptic
Antipsychotic effect
Effect, antipsychotic
Antipsychotic effects
Effects, antipsychotic
Pregnancies

Gestation

Search terms

congenital abnormality or deformities or deformity or
congenital defects or congenital defect or defect,
congenital or defects, congenital or abnormalities,
congenital or birth defects or birth defect or defect, birth
or defects, birth)

Search terms

MeSH descriptor: [antipsychotic agents] explode all trees
OR (antipsychotic agent* or agents, antipsychotic or
antipsychotics or major tranquilizers or tranquilizers,
major or tranquillizing agents, major or agents, major
tranquillizing or major tranquillizing agents or neuroleptic
drugs or drugs, neuroleptic or neuroleptics or
tranquilizing agents, major or agents, major tranquilizing
or major tranquilizing agents or antipsychotic drugs or
drugs, antipsychotic or neuroleptic agents or agents,
neuroleptic or antipsychotic effect or effect,
antipsychotic or antipsychotic effects or effects,
antipsychotic)

MeSH descriptor: [pregnancy] explode all trees OR
(Pregnan®) OR (Pregnan* or pregnancies or gestation)
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Keywords MeSH

C  Pregnancy Pregnancy
complication complications

D  Congenital Congenital
abnormalities abnormalities

1. CORD
2. AANDBAND 1

PsycINFO
Key words Map term
A Antipsychotics Neuroleptic agent

Terms as a free text
Complication, pregnancy
Pregnancy complication

Complications, pregnancy

Abnormality, congenital
Congenital abnormality
Deformities

Deformity

Congenital defects
Congenital defect
Defects, congenital
Defect, congenital
Abnormalities, congenital
Birth defects

Birth defect

Defect, birth

Defects, birth

Terms as a free text
Agents, antipsychotic
Antipsychotics

Major tranquilizers
Tranquilizers, major

Tranquillizing agents,
major

Agents, major
tranquillizing

Major tranquillizing
agents

Neuroleptic drugs
Drugs, neuroleptic
Neuroleptics

Tranquilizing agents,
major

Agents, major
tranquilizing

Major tranquilizing agents
Antipsychotic drugs
Drugs, antipsychotic
Neuroleptic agents
Agents, neuroleptic

Antipsychotic effect
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MeSH descriptor: [pregnancy complications] explode all
trees OR (pregnancy complication* or complication,
pregnancy or pregnancy complication or complications,
pregnancy)

Search terms

MeSH descriptor: [congenital abnormalities] explode all
trees OR (congenital Abnormalit* or abnormality,
congenital or congenital abnormality or deformities or
deformity or congenital defects or congenital defect or
defect, congenital or defects, congenital or abnormalities,
congenital or birth defects or birth defect or defect, birth
or defects, birth)

Search terms

Neuroleptic agent. Mp. Or neuroleptic agent/OR
(antipsychotic agent™ or agents, antipsychotic or
antipsychotics or major tranquilizers or tranquilizers,
major or tranquillizing agents, major or agents, major
tranquillizing or major tranquillizing agents or neuroleptic
drugs or drugs, neuroleptic or neuroleptics or tranquilizing
agents, major or agents, major tranquilizing or major
tranquilizing agents or antipsychotic drugs or drugs,
antipsychotic or neuroleptic agents or agents, neuroleptic
or antipsychotic effect or effect, antipsychotic or
antipsychotic effects or effects, antipsychotic)

(Continues)
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Key words Map term Terms as a free text Search terms

Effect, antipsychotic

Antipsychotic effects
Effects, antipsychotic

B Pregnancy Pregnancy Pregnancies Pregnancy. Mp. Or pregnancy/OR (Pregnan* or pregnancies
CasElian or gestation)
C  Pregnancy complication  Pregnancy Complication, pregnancy Pregnancy complication. Mp. Or pregnancy complication/
L s L
complication Pregnancy complication OR (pregnancy complication* or complication, pregnancy
or pregnancy complication or complications, pregnancy)
Complications, pregnancy
D  Congenital Congenital disorder Abnormality, congenital Congenital disorder. Mp. Or congenital disorder/OR

(congenital Abnormalit* or abnormality, congenital or
congenital abnormality or deformities or deformity or
congenital defects or congenital defect or defect,
Deformity congenital or defects, congenital or abnormalities,
congenital or birth defects or birth defect or defect, birth
or defects, birth)

abnormalities Congenital abnormality

Deformities

Congenital defects
Congenital defect
Defect, congenital
Defects, congenital
Abnormalities, congenital
Birth defects

Birth defect

Defect, birth

Defects, birth

1. CORD
2. AANDBAND 1

85UB01 SUOWLLOD aAIERID 9|gedl|dde ay) Ag peusenob ae sajoie O ‘8sn Jo Sajni Joj AriqiauljuQ A8]i/ UO (SUONIPUOO-PUR-SLLB)/LID A8 1M Alelq1BulUD//SANY) SUONIPUOD Pue SWie | au)8es *[7202/80/ET] U0 Aeiq1Tauljuo AJIm ‘681 T doo/TTTT 0T/I0p/wod Ao im Akelqipuljuo sgndsday//sdny wouy pepeojumoq ‘TT ‘TZ0Z ‘SZTZSIET



13652125, 2021, 11, Downloaded from https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bcp.14839, Wiley Online Library on [13/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

4119

‘|opowW [euly 8y Ul PaJapISUOD JOU 219M ASY] JI USAS SSWIODINO Y} PUNOIUOD JYSIW Jeyj} SISPUNOJUOD 3} PISP3IMOUXIE SIOYINE 0} ANP SAI0IS 3] SAES IAA “SISA|EUE |BULS BY) Ul PRJSPISUOD
SEM ‘210J2J9U) ‘pUE 3DUSN|JUI JUBDIIUSIS B SABY O} UMOYS Sem UoldWNSUOd |0Yod[e AJUO ‘JSASMOH "SUOIIeULIOjew Jofew JO4 SISPUNOJUOD JUBASIDI S} dUIYSP 0} UOISSaISaJ d13sIS0| YSnoayy Juswisnipe Joy [opow
}e3s e ul (Ualp|iyd pauiojjew snojaald pue ‘suoipioge snoauejuods snoinaid ‘[IINg] Xapul ssew Apoq ‘siigey Supjows ‘Uondwinsuod oyodje ‘@8e [eulajew) siapunojuod [enuajod papnpul ., '[b 32 UueULIdGeH

PHARMACOLOGICAL

BRITISH
SOCIETY

6 T T T T T T T T T 910C o IP 12 U3sialad
@ a0
_v.m 6 2 T T T 1 T T T T 9102 s)yoa1qANnH
Al
@ L T T T T 0 T T T 0 910¢ g IP 39 U3Yyo)
8 T T T T 0 T T T T S10¢ 1P 12 POSIA
S 0 T 0 0 0 T T T T 14014 o1 1P 12331129
oc? P
S T T T 0 0 T 0 0 T €10¢ Bismopes
ez IP P
8 T T 0 el el T T T T €10¢ uuewsqeH
ecUdlEM
L T T T T 0 T 0 T T 800¢ pue siay
gz 1P
9 0 T T 0 0 T T T T S00¢ BUUMIN
sgP ¥
9 T T 0 0 0 T T T T S00¢ uld-Aelq
14 0 0 0 0 0 T T T T LL6T ze IP #2 dUO|S
PP
9139nbnoy
9 0 T T 0 0 T T T T LL61 -nesawny
lelog suoYyod £4n220 0} awod1No Jo 100y uondwnsuod Apnis jo ainsodxs jo Hoyod Hoyod uonedigqnd Apnmis
jodn SOWOJINO0 10)  JUBWISSASSY  [euolyppe Joyooje  yJejs e juasaud juswulesdsy  pasodxsuou pasodxa ayj jo Jo Jeap
Moj|0} JO ysnous Suo| Aue 1oy ‘Bupjowss jou ay} ssauaAljejuasalday
Adenbapy dn-mojjoj sepn S|o43u0d ‘08e SeM }salajul JO uono’les
Apnis Jayjow Joy J0
s|oJ3uo0d awWo021N0 jey)
Apnis uonesysuowaq
awo2nQo Anjigesedwo) uo123J9s
(AQNLS LYOHOD) SF1DILYV AIANTINI 40 LNIWSSISSY ALITVND 8 XIANIddV
4
jm
©}
z
<
3



13652125, 2021, 11, Downloaded from https://bpspubs.onlinelibrary.wiley.com/doi/10.1111/bcp.14839, Wiley Online Library on [13/08/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

E:
jm
Q
z
2
vm.‘B 12
9 T T 0 0 0 T T T T uos.iapuy
lelol ajes S|0J3U0D pue sased 2insodxa Jo  J10)de) [euoppe uondwnsuod s|oJ3uo0d sjo43uod sased 3y} Jo ¢9)enbape Apmis
asuodsaluoN J0j JUSWIUIBSISE  JUSWIUIBIIDISY Aue 10} |Joyooje ‘Supjows ‘a8e Jo JOo  ssaudAiejuasasday uouyap
JO poyjaw awes S|0J3U0d ApN}S  JSYJOW JOj S[OJ3U0d ApN}S  uoRIudg  UOIII|RS ased a3 s|
awodN0 Ajjiqesedwo) uoid3[3s
(AQNLS T041INODI-3SVD) STTOILYY AIANTINI 40 ININSSISSY ALITVND D XIANIddV
E5E
Esd

8

4120



WANG ET AL

APPENDIX D: SUMMARY OF THE INCLUDED STUDIES RESULTS

Study

Rumeau-
Rouquette
etal3!

Slone et al.>2

Diav-Citrin
et al3®

McKenna
et al?®

Reis and
Kallen33

Habermann
etal®

Sadowski
et al*

Bellet et al.t®

Vigod et al.t’

Cohen et al.*®

Unadjusted results

Rate of malformation in
unexposed group = 1.6%,

Rate of malformation in exposed
group = 3.5%

Uniform malformation:
Exposed group = 5%,
Unexposed group = 4.5%,
RR 1.07;

Major malformation:
Exposed group = 3.6%,
Unexposed group = 2.7%,
RR 1.16.

Butyrophenone group: 6/179;
controls group: 22/581

SGAs group: 1/151;
Non-teratogenic agent group:
2/151

N/A

OR 2.13,95% Cl 1.19-3.83

Exposed group: 7/133;

Healthy comparison group: 3/133

OR 2.30, 95% Cl 0.32-16.7
RR 1.10, 95% CI 0.72-1.69

OR 1.25,95% C1 0.13-12.19

Adjusted confounding factors

N/A

N/A

N/A

N/A

Maternal (y of delivery, maternal

age, parity, maternal smoking in

early pregnancy, previous
miscarriages, subfertility,
maternal BMI, maternal
cohabitation, work outside
home, maternal country of

birth), delivery and infant (infant
sex, number of infants at birth,

gestational duration, birth
weight, intrauterine growth,
infant survival, congenital
malformations, maternal
pregnancy diagnoses, infant
neonatal diagnoses)

Maternal age, alcohol
consumption, smoking habits,
number of previous

spontaneous abortions, number
of previous malformed children,

gestational wk at delivery.
However, only alcohol
consumption (91 drink/d) was
shown to have a significant
influence and, therefore, was

considered in the final analysis.

N/A

N/A

Adjusting for additionally
prescribed nonantipsychotic
psychotropic medications (a
prescribed SSRI, non-SSRI,
mood stabiliser, or
benzodiazepine during the
index pregnancy)

Diagnosis and severity of illness;
whether the pregnancy was

Paz s

Adjustment method
N/A

N/A

N/A

N/A

Mantel-Haenszel method
and Miettinen's method

Logistic regression

N/A

N/A

Propensity score method

BRITISH
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Adjusted results
N/A

N/A

N/A

N/A

Dixyrazine or
prochlorperoxine:
OR0.67, 95% Cl 0.49-
0.90; other
antipsychotics:

OR 1.52,95% Cl 1.05-
2.19

OR 2.17, 95% Cl 1.20-
391

N/A

N/A

RR 1.19, 95% CI 0.75-
191

OR 0.69, 95% Cl 0.06-
8.09

(Continues)
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Study

Huybrechts
etalt?

Petersen
et al.?°

Anderson
et al®*

WANG ET AL

Unadjusted results

FGAs: RR 1.17, 95% Cl 0.81-1.68;

SGAs: RR 1.36, 95% Cl 1.24~
1.50

RR 1.74, 95% Cl 0.93-3.25

Any heart defect: OR 1.5, 95%Cl
0.7-3.0; Conotruncal defects:
OR 2.3,95% CI 0.9-6.1;
tetralogy of fallot: OR 2.5, 95%
Cl10.7-8.8; LVOTO: OR 1.8,
95% CO 0.6-5.5; RVOTO: OR
1.4, 95% Cl 0.4-5.0; septal
defects: OR 0.8, 95% CI 0.3-
2.6; atrial septal defect: OR 1.3,
95% Cl 0.6-3.7; any orofacial
cleft: OR 1.4, 95% Cl 0.6-3.7;

cleft palate: OR 2.5, 95%CI 0.8-

7.6; cleft lip * cleft palate: OR
0.9 95% Cl 0.3-3.3; anorectal
atresia/stenosis: OR 2.8, 95%
Cl 0.8-9.9; hypospadias, 2/3rd
degree: OR 0.8, 95% CI 0.2-
2.9; Craniosynostosis: OR 1.8,
95% Cl 0.5-6.5; Gastroschisis:
OR 2.1 95% Cl: 0.6-7.3

Adjusted confounding factors

planned; maternal age; health
and lifestyle indicators, such as
BMI; and first trimester use of
other psychotherapeutic drugs,
prenatal vitamins, alcohol, and
cigarettes

Calendar vy, age, race, smoking,
multiple gestation, indications
for antipsychotics, other
maternal morbidity,
concomitant medication use,
and general markers of the
burden of illness

Age at delivery, calendar y of
delivery, obesity, illicit drug use,
alcohol problem, smoking
status, pre-existing medical
conditions, prescriptions of
concomitant medication

N/A

Adjustment method

Adjusted regression,
propensity score
method

Adjusted regression,
propensity score
method

Propensity score method

N/A

Adjusted results

FGAs:
RR 0.90, 95% Cl 0.62-
1.31; SGAs:

RR 1.05, 95% CI 0.96~
1.16

RR 1.59, 95% Cl 0.84-
3.00

N/A

N/A: not applicable; FGAs: first-generation antipsychotics; SGAs: second-generation antipsychotics; RR: risk ratio; OR: odds ratio; Cl: confidence interval;
LVOTO: left ventricular outflow tract obstruction; RVOTO: right ventricular outflow tract obstruction; SSRI: selective serotonin reuptake inhibitor.
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APPENDIX E: FOREST PLOT OF THE SUBGROUP ANALYSIS - LIMITED EXPOSURE TIME WITHIN FIRST OR SECOND TRIMESTER

RATHER THAN GENERAL PREGNANCY

Study

Reis and Kallen (2008)

Vigod et al. (2015)

Huybrechts et al. (2016)

Petersen et al. (2016)

Overall (I-squared = 0.0%, p = 0.581)

NOTE: Weights are from random effects analysis

A\

aRR (95% CI)

1.00 (0.45, 2.24)

1.19 (0.75, 1.91)

1.04 (0.95, 1.14)

1.59 (0.84, 3.00)

1.05 (0.96, 1.15)

%

Weight

1.20

3.55

93.33

191

100.00

T
.333

aRR: adjusted risk ratio; Cl: confidence interval.

APPENDIX F: ADJUSTED RESULTS AND E-VALUES FOR META-ANALYSES INCLUDED STUDIES

Study

Reis and Kallen®?
Habermann et al.??
Vigod et al.”
Cohen et al.'®
Huybrechts et al.*®

Petersen et al.?°

aRR: adjusted risk ratio; Cl: confidence interval.

aRR (95% Cl)

1.00 (0.45-2.24)
2.17 (1.20-3.91)
1.19 (0.75-1.91)
0.69 (0.06-8.09)
1.04 (0.95-1.14)
1.59 (0.84-3.00)

E-value for estimates
1.00
3.76
1.67
2.26
1.24
2.56
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