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exposures on obstetric complications: 19-year
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Background

evidence supporting their safety is limited.

Aims

maternal psychotropic drug exposures and obstetric
complications.

Method

performed.

Results

Although current prescribing guidelines suggest continuation of
psychotropic drugs in pregnant women, population-based

This study aims to clarify the plausible causal links between

This cohort study investigated all births by Hong Kong residents
>18 years of age in public hospitals between 2004 and 2022.
Birth episodes were classified according to whether they were
unexposed to psychotropic drugs, exposed but discontinued
before conception or exposed during pregnancy. Firth’s
penalised logistic regression was employed in all analysis, and
negative control analysis was conducted to assess causality.
False discovery rate correction and sensitivity analyses were

Among 587 419 births, 7182 episodes involved psychotropic
prescriptions (antipsychotics, antidepressants, anticonvulsants,
benzodiazepines) during pregnancy. In broad drug class
analysis, all significant associations observed in the exposed
group were also observed in negative control analysis (psy-
chotropics discontinued before conception), suggesting that
elevated risks could be attributed to unmeasured confounders.
Nevertheless, in subclass analyses, certain psychotropic drugs
showed increased risks of obstetric complications, i.e. significant
associations between atypical antipsychotics and genito-urinary

infection (odds ratio 2.70, 95% ClI 1.46-4.83), and between
valproate and low birth weight (odds ratio 1.68, 95% ClI
1.16-2.37). These associations became non-significant in
negative control analysis, and the high E-values (atypical
antipsychotics and genito-urinary infection, 4.84; valproate and
low birth weight, 2.75) suggested that the results were unlikely to
have been driven by unmeasured confounders. Maternal
diagnoses of schizophrenia and depression were independently
associated with increased risk of obstetric complications, after
controlling for the effects of psychotropics.

Conclusions

The population-based data and meticulous analyses did not
support any clear causal link between broad-class psychotropic
exposure during pregnancy and increased risk of obstetric/
neonatal complications. However, some psychotropic
subclasses may increase obstetric/neonatal complications.
The limited number of episodes involving discontinuation of
some psychotropic subclasses may have resulted in false
negative findings in the negative control analysis.
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Obstetric complications refer to adverse conditions during labour
or delivery that could threaten maternal and fetal health. These
complications can have lifelong sequelae for both mothers and their
newborns.! People with severe mental illnesses are particularly
vulnerable to adverse obstetric outcomes.? In addition to women
with schizophrenia, depression and bipolar disorder, a considerable
proportion of pregnant women require psychotropic medications,
including antipsychotics, antidepressants, anticonvulsants and
benzodiazepines, to manage psychiatric disorders or some common
psychiatric symptoms such as anxiety and insomnia.>~> Substantial
evidence from both animal and human studies, as summarised in
Creeley and Denton’s review,’ links psychotropic medications to
elevated risks of adverse newborn outcomes. Additionally, with
altered pharmacokinetic properties of the drugs used in pregnant
women,® discontinuing psychotropic medications during preg-
nancy could increase the risk of relapse, posing further risks to the
fetus or newborn.” While current prescribing guidelines do not
encourage discontinuation of psychotropic medications for
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pregnant women with psychiatric disorders, these guidelines
pointed out that current information may not be sufficient to
determine the safety of psychotropic use during pregnancy.®’

Current knowledge of psychotropic effects on
obstetric outcomes

Evidence from large-scale population-based studies has suggested
that maternal psychiatric disorders are associated with adverse
pregnancy events. For instance, schizophrenia in pregnant women
is associated with increased risk of various maternal and neonatal
complications, including gestational diabetes and genito-urinary
infection;'° major depression disorder and bipolar disorder are
associated with higher risk of preterm birth and microcephalic
infants;''? and genetics, maternal physical health and psychotropic
drug use in pregnancy may all contribute to such increased risk.
Notably, Huybrechts et al showed that the use of second-generation
antipsychotics during pregnancy could increase the risk of neonatal
brain anomalies.!* Conversely, a population-based study reported
largely non-significant associations between antipsychotics and the
associated risks of obstetric complications.!* In the Chinese setting,
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prenatal antipsychotic exposure was shown to carry significantly
increased risk for preterm birth,'> while both treated and non-
treated bipolar disorder were associated with gestational diabetes.'®
Moreover, apart from carbamazepine, lithium and valproate, which
are known to be associated with fetal abnormalities,'” many
anticonvulsants have been correlated with adverse pregnancy/fetal
outcomes.'® However, some of the aforementioned population-
based studies have several shortcomings, including failure to
account for polypharmacy and psychiatric diagnosis, and over-
looking the effects of some lesser studied psychotropic drugs such
as anticonvulsants and benzodiazepines.'*1%!°

Study objectives

This territory-wide study in Hong Kong aimed to address
previous limitations, and to clarify the causal link between
psychotropic drug exposures and obstetric complications, with a
negative control design. We hypothesised that: (a) psychotropic
drugs could increase the risk of certain maternal and neonatal
complications, even after accounting for maternal psychiatric
diagnosis, comorbid medical illnesses and polypharmacy; and
(b) different psychotropic subclasses could have different impacts
on obstetric complications.

Method

Data collection

The Hong Kong Hospital Authority, the only public healthcare
provider in the locality, has eight public maternity hospitals that
cover over two-thirds of all birth episodes'® and deliver the majority
of mental healthcare services.?® Our data were retrieved from the
population-based, anonymous clinical records of the Clinical Data
Analysis and Reporting System (CDARS) of the Hong Kong
Hospital Authority; details of CDARS have been described
elsewhere.?! From CDARS, we retrieved all birth episodes
(including multiple pregnancies) between 1 January 2004 and 31
December 2022, and matched between the maternal medical record
and respective newborn for each birth episode based on unique
admission IDs. To ensure completeness of follow-up data, we
excluded birth episodes from non-residents who had given birth in
public hospitals in Hong Kong. Episodes with maternal age below
18 years old, and those in which maternal and neonatal information
could not be matched, were excluded from the analysis. Mothers’
electronic health records up to 2 years before and 1 year after
delivery were then retrieved and reviewed, including all medication
prescriptions, psychiatric and medical diagnoses and out-patient,
in-patient and death records.

Exposures and outcomes

Regarding exposure, we included four broad classes of psychotropic
medications: antipsychotics, antidepressants, anticonvulsants and
benzodiazepines. The full list of drugs we studied can be found in
Supplementary Table 1 available at https://doi.org/10.1192/bjp.
2025.10340. We included common obstetric/neonatal complica-
tions as outcomes. Based on the ICD-10 codes recorded, we first
retrieved all obstetric complications in the cohort but retained only
those complications having >0.5% of prevalence for analysis (see
Supplementary Table 2 for the associated ICD-10 codes, and
Supplementary Table 3 for prevalence of all complications).
Moreover, we treated emergency Caesarean section (C-section)
as a crude proxy for risk factors of serious maternal complications
(e.g. meconium-stained liquor). We defined maternal death as
death within 42 days post-delivery, consistent with the World
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Health Organization,?? but those who died before labour were not
included because they would not have had birth records. We
defined neonatal complications as the following: preterm birth
(<37 gestational week), low birth weight (<2500 g), low 5-min
Apgar’s score (<6), neonatal intensive care unit (NICU) admission
for >24 h, congenital anomalies and neonatal major infection;
neonatal death was defined as occurring within the first 4 weeks
after birth.?> Supplementary Table 4 lists the definitions of these
outcomes.

Covariates

Covariates adjusted in every model of this study included maternal
age, nature of the pregnancy (singleton/multiple), year of delivery,
hospital of delivery, maternal history of severe mental illness
(including schizophrenia spectrum disorders, bipolar disorder and
depressive spectrum disorder) and the mother’s physical comor-
bidity (defined as Charlson comorbidity index >1). The Charlson
comorbidity index, a composite measure of various comorbid
physical health conditions, was calculated based on ICD-10 codes
during and in the year prior to pregnancy.?* The diagnoses of severe
mental illnesses (SMIs) and chronic diseases entered before the
study periods could also be retrieved, because CDARS regards these
as active diagnosis, providing the patients continue to receive any
public healthcare services with the Hong Kong Hospital Authority.
Although evidence suggested non-linear relationships between
maternal age and risks of various obstetric complications,”> we
modelled age as a linear covariate because our attempt to include a
square term of maternal age yielded negligible effect sizes. We
further included non-obstetric/non-gynecological hospitalisations
during and in the year prior to pregnancy, as a proxy to reflect the
mother’s physical health.

Data analysis

We used Welch’s t-test and Pearson’s chi-square test to compare
demographics between birth episodes with and without exposures
to psychotropic drugs during pregnancy. Multivariable logistic
regressions were used to examine each obstetric complication.
Various obstetric complications were entered as dependent
variables. Maternal psychotropic exposures, diagnosis of severe
mental illnesses and covariates were included as independent
variables.

We estimated odds ratios and the respective confidence
intervals (CIs) to compare the differences between episodes for
which psychotropics had been prescribed during pregnancy and
those in which there had been no exposure to any psychotropic
drug during, and in the year prior to, pregnancy. Given that Wald
estimates (i.e. the common maximum likelihood estimates of
logistic regression) are unreliable in the case of small sample size
and rare outcome event, Firth’s correction was employed in
outcomes (except for NICUs with population prevalence >20%),
which applied the penalised likelihood method that can avoid
overestimation by shrinking the estimator towards zero.? Firth’s
correction was modified by Puhr et al, which improved the
accuracy of individual probabilities predictions in small samples by
excluding the intercepts from penalisation.?” Given that NICU is
the only outcome that includes differences within multiple
pregnancy episodes (i.e. one newborn was admitted to the NICU
while the others in the same delivery might not have been),
clustered standard errors from ordinary logistic regression were
computed instead. Because the occurrence of other complications
was consistent for all newborns within the same birth episode in
our sample, only one newborn in each multiple pregnancy episode
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Fig. 1 lllustration of the differences between primary analysis and negative control analysis.

was randomly retained in the analysis. Type I errors for multiple
testing were controlled by false discovery rate (FDR) correction in
all analysis.?®

To validate the results, we employed negative control analysis.
Specifically, separate Firth’s corrected penalised logistic regression
for antipsychotics, antidepressants and anticonvulsants was
performed to compare the risk of obstetric complications in
episodes in which were prescribed psychotropic drugs within the
year before pregnancy but discontinued prior to their conception
dates, and remained unexposed during their whole pregnancy (i.e.
negative control group), against episodes in which there was no
exposure to psychotropic drugs in the year prior to and during
pregnancy periods. We used the same control group and
independent variables, to minimise any difference between negative
control analysis and our primary analysis, apart from the specified
psychotropic drug exposure of interest before or during pregnancy.
Thus, the negative control analysis shared both measured and
unmeasured confounders with the primary analysis, to allow
inferences on ‘triangulation of causality’.? Figure 1 illustrates the
differences between primary analysis and negative control analysis.

The results of negative control analysis should be compared with
those of primary analysis for interpretation. Conceptually, when
associations between exposure and outcome are both significant in
the primary and negative control analyses, this implies that the
absence of exposure could not nullify the observed significant
associations. Conversely, a significant association in the primary
analysis but a non-significant association in the negative control
analysis would provide support to the causal link, because the
outcomes disappear in the absence of exposure, assuming that both
the primary and negative control analyses share the same adjusted
and unadjusted confounders. Besides, it is useful to examine the
difference in odds ratio when conducting negative control analysis
from that in the primary analysis. A statistically significant reduction
in odds ratio implies that the exposure contributes partially to the
outcome of interest, along with other causal contributions from
confounders, because the absence of exposure in the negative control
group reduces the degrees of associations. Supplementary Table 5
summarises the interpretations of different scenarios.
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We further utilised our large sample size for subclass analyses.
We separated antipsychotics, antidepressants and anticonvulsants
into eight subclasses: (a) typical/first-generation antipsychotics
(FGAs), (b) atypical/second-generation antipsychotics (SGAs),
(c) selective serotonin reuptake inhibitors (SSRIs), (d) selective
noradrenaline reuptake inhibitors (SNRIs), (e) tricyclic antide-
pressants (TCAs), (f) other ‘unclassified’ antidepressants,
(g) valproate and (h) other non-valproate anticonvulsants (includ-
ing lithium). We repeated the same Firth’s penalised logistic
regression analyses and negative control analyses for each subclass.
In the subclass negative control analysis, because drugs belonging to
the same broad class probably share similar pharmacological
properties, subjects who switched to different drugs under the same
broad class may carry residual effects that could confound the
negative controls. We therefore compared the unexposed control
group with subjects who discontinued the corresponding subclass
before conception and were not exposed to other drugs of the same
broad class. These negative control results were interpreted in the
same way as for the broad drug class results.

Lastly, we conducted two sensitivity analyses. First, injectable
antipsychotics in our data-set were mostly long-acting preparations
with long half-lives, which may confer effects even after cessation.
We conducted sensitivity investigation by analysing the oral
antipsychotic in negative control analysis only. Second, we removed
outliers of the drugs within each drug subclass, defined as mothers
who received psychotropic prescriptions exceeding the British
National Formulary (BNF)-recommended maximum dose.
Sensitivity analyses were not performed in subclass negative
control analysis, due to the limited sample sizes in each category.
The BNF-recommended maximum dose for each drug is shown in
Supplementary Table 1.

All analyses were performed using R version 4.3.1 in macOS;
we used the ‘vcovCL’ function from the R package ‘sandwich’
(version 3.0-2; https://cran.r-project.org/web/packages/sandwich/
index.html) and the ‘coeftest’ function from the R package ‘Imtest’
(version 0.9-40; https://cran.r-project.org/web/packages/Imtest/
index.html) for clustered standard errors, and the ‘flic’ function
from the R package ‘logistf (version 1.26.0; https://cran.r-proje
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Table 1 Demographic information

Maternal episodes without
psychotropic exposure in
the year before and
Maternal episodes with psychotropic during pregnancy
exposure during pregnancy (n=7182) (n =567 837) P-value
No. of mothers 6245 416 471 -
Mean maternal age (median) 32.74 (33.08) 31.97 (32.12) <2x 107
Charlson comorbidity index >1 124 2895 <2x107"
Non-singleton episodes 60 9547 4 %1078
Episodes which were prescribed antidepressants during pregnancy 5523 0 -
Episodes which were prescribed antipsychotics during pregnancy 2156 0 -
Episodes which were prescribed anticonvulsants during pregnancy 927 0 -
Episodes which were prescribed benzodiazepines during 917 0 -
pregnancy
Episodes which were prescribed SSRIs during pregnancy 4148 0 -
Episodes which were prescribed SNRIs during pregnancy 382 0 -
Episodes which were prescribed tricyclic antidepressants during 1116 0 -
pregnancy
Episodes which were prescribed other antidepressants during 782 0 -
pregnancy
Episodes which were prescribed atypical antipsychotics during 1214 0 -
pregnancy
Episodes which were prescribed typical antipsychotics during 1179 0 -
pregnancy
Episodes which were prescribed valproate during pregnancy 276 0 -
Episodes which were prescribed lithium during pregnancy 38 0 -
Episodes which were prescribed two different psychotropic drug 934 0 -
classes during pregnancy
Episodes which were prescribed three different psychotropic drug 606 0 -
classes during pregnancy
Episodes which were prescribed all four major classes of 65 0 -
psychotropic drugs during pregnancy
Episodes with schizophrenia spectrum disorder diagnosis 1177 371 -
Episodes with depressive spectrum disorder diagnosis 3456 2890 -
Episodes with bipolar affective disorder diagnosis 327 86 -
Multiple pregnancies were counted as single maternal episodes. Some mothers contributed to both categories in multiple distinct maternal episodes.
ct.org/web/packages/logistf/index.html), developed by Puhr et al, moderate correlations were found across complications

to perform Firth’s based penalised logistic regression.?® We did
not contact the mothers and newborns in our sample.

This study has been approved by the Institutional Review Board
of the University of Hong Kong/Hospital Authority Hong Kong
West Cluster (protocol no. UW 24-249). No written consent was
needed because all information was anonymous.

Results

Between 2004 and 2022, we found 587 419 newborns from 577 656
maternal episodes given by 421 586 mothers who were Hong Kong
residents and aged >18 years at delivery. Among these, 7182
maternal episodes involved psychotropic exposures during preg-
nancy and 2637 maternal episodes had discontinued psychotropics
within 1 year prior to conception date. We excluded one episode
that had dependence on sedatives (ICD-10: F13.2). A flowchart
illustrating the selection of episodes is provided in Supplementary
Fig. 1; Table 1 shows the sample characteristics of our case and
control groups. Compared with the control group, our cases were
significantly older, less likely to have multiple pregnancies, had
more physical morbidities and more hospitalisations during the
study period and delivered more male babies. Although a higher
prevalence of psychiatric diagnoses was expected in the case group,
nearly half of the episodes with known depression in our sample
were not exposed to psychotropics during, and in the year prior to,
pregnancy. Among the exposed group, 22.3% received polyphar-
macy treatments during pregnancy.

Eight obstetric complications with <0.5% of prevalence were
excluded from further analysis (Supplementary Table 3). Low-to-

https://doi.org/10.1192/bjp.2025.10340 Published online by Cambridge University Press

(Supplementary Fig. 2), except for the high correlation between
preterm birth and threatened preterm labour (r = 0.71). Correlations
between covariates were also low-to-moderate (Supplementary
Fig. 3), as evidenced by the low (<5) generalised variance inflation
factors (GVIFs) across covariates (Supplementary Table 6).%°

Psychotropic broad classes: primary analysis and
negative control analysis

Following covariate and FDR adjustments, we observed significant
risk of NICU admission in groups exposed to antipsychotics (odds
ratio 1.30, 95% CI 1.12-1.51), antidepressants (odds ratio 1.47, 95%
CI 1.36-1.59) and anticonvulsants (odds ratio 1.68, 95% CI
1.45-1.95) during pregnancy. Anticonvulsant exposure during
pregnancy was further associated with higher risk for emergency
C-section (odds ratio 1.31, 95% CI 1.11-1.53) and low birth weight
(odds ratio 1.35, 95% CI 1.08-1.66).

As expected, schizophrenia and depressive spectrum disorders
were associated with increased risk of gestational diabetes (odds
ratiogcz 1.25, 95% CI 1.06-1.47 and odds ratiopgp 1.11, 95% CI
1.02-1.21, respectively), emergency C-section (odds ratiogcz 1.43,
95% CI 1.23-1.66 and odds ratiopgp 1.13, 95% CI 1.05-1.22,
respectively), low birth weight (odds ratiogcz 1.33, 95% CI 1.09-1.62
and odds ratiopgp 1.18, 95% CI 1.07-1.31, respectively), preterm
birth (odds ratiogcy 1.55, 95 %CI 1.27-1.88 and odds ratiopgp 1.21,
95% CI 1.09-1.34, respectively) and NICU admission (odds ratiogcz
1.68, 95% CI 1.46-1.92 and odds ratiopgp 1.13, 95% CI 1.05-1.22,
respectively). Schizophrenia spectrum disorder is additionally
associated with threatened preterm labour (odds ratioscz 1.60,
95% CI 1.25-2.03). The detailed results are shown in Table 2.
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Table 2 Results of the primary analysis

Antipsychotics Antidepressants Anticonvulsants Benzodiazepine
0dds ratio Cl P FDR-P  Odds ratio Cl P FDR-P 0Odds ratio Cl P FDR-P Odds ratio Cl P FDR-P
Maternal complications

Antepartum haemorrhage 1.21 0.87-1.66 0.26 0.56 1.02 0.86-1.20 0.85 0.85 1.08 0.76-1.48 0.67 0.77 0.74 0.47-114 0.7 0.48
Chorioamnionitis 1.96 1.07-3.45 0.03 0.15 0.80 0.56-1.12 0.20 0.33 1.18 0.60-2.09 0.61 0.76 0.79 0.37-1.64 054  0.83
Emergency Caesarean section 0.95 0.80-1.12 0.53 0.81 0.94 0.86-1.02 0.15 0.32 1.31 1.11-1.53 0.002 0.02** 1.22 0.99-1.51 006 041
Genito-urinary infection 2.04 1.10-3.60 0.02 0.15 0.75 0.52-1.05 0.09 0.27 0.77 0.33-1.51 0.47 0.71 071 0.31-1.52 038 071
Gestational diabetes 1.16 0.97-1.39 0.10 0.38 1.1 1.01-1.21 0.03 0.15 0.86 0.70-1.05 0.15 0.38 1.02 0.81-1.27 089 0.95
Gestational hypertension 1.15 0.91-1.45 0.24 0.56 1.10 0.98-1.25 0.11 0.28 1.02 0.78-1.31 0.88 0.88 0.97 0.72-1.31 086 095
Intra-uterine growth retardation 0.95 0.60-1.46 0.81 0.87 1.07 0.86-1.32 0.53 0.61 1.29 0.84-1.90 0.24 0.45 1.10 0.62-192 075 0.95
Placental abnormalities 1.17 0.67-1.94 0.57 0.81 0.86 0.65-1.11 0.24 0.33 1.15 0.66-1.84 0.61 0.76 1.00 0.51-1.96 0.99 0.99
Pre-eclampsia 0.97 0.63-1.46 0.90 0.90 1.06 0.86-1.31 0.58 0.62 1.04 0.65-1.58 0.85 0.88 1.50 0.93-2.44 010 041
Premature rupture of membranes 0.90 0.76-1.07 0.25 0.56 0.91 0.83-0.99 0.03 0.15 0.93 0.78-1.10 0.42 0.70 1.16 0.93-145 019 048
Threatened preterm labour 0.94 0.70-1.24 0.65 0.81 1.10 0.95-1.27 0.20 0.33 1.21 0.91-1.59 0.19 0.41 1.38 0.98-195 0.07 041

Neonatal complications
Admitted to NICU for at least 24 h 1.30 1.12-1.51 7x10™* 0.01** 1.47 136-159 2x102 3x102"™ 1.68 145-1.95 3x 10" 5x 10710 1.06 0.88-1.28 055 0.83

Low birth weight 1.09 0.87-1.35 0.47 0.81 1.1 0.99-1.24 0.08 0.27 1.35 1.08-1.66 0.008 0.04** 1.03 0.78-1.36 0.83 095
Preterm birth 1.06 0.84-1.32 0.63 0.81 1.07 0.95-1.20 0.26 0.33 1.20 0.95-1.49 0.12 0.36 1.13 0.86-1.48 038 0.71
Neonatal major infections® 0.92 0.51-1.56 0.75 0.87 1.18 0.88-1.55 0.26 0.33 1.70 1.01-2.71 0.050 0.19 1.68 0.89-321 011 041
Schizophrenia Depression Bipolar disorder
Odds ratio Cl P FDR-P 0dds ratio Cl P FDR-P 0dds ratio Cl P FDR-P
Maternal complications
Antepartum haemorrhage 0.97 0.70-1.32 0.86 0.86 1.03 0.88-1.20 0.70 0.75 0.97 0.56-1.59 0.92 0.93
Chorioamnionitis 0.86 0.47-1.50 0.60 0.75 0.88 0.63-1.20 0.43 0.50 217 1.04-4.15 0.04 0.30
Emergency Caesarean section 1.43 1.23-1.66 3x10°° 3 x 107 5** 1.13 1.05-1.22 0.002 0.008** 1.17 0.92-1.49 0.20 0.60
Genito-urinary infection 0.87 0.45-1.59 0.65 0.75 1.20 0.89-1.59 0.22 0.33 0.93 0.30-2.26 0.89 0.93
Gestational diabetes 1.25 1.06-1.47 0.008 0.02** 1.11 1.02-1.21 0.01 0.03** 1.38 1.06-1.78 0.02 0.30
Gestational hypertension 1.20 0.96-1.48 0.10 0.17 1.10 0.98-1.23 0.10 0.21 1.29 0.91-1.79 0.15 0.56
Intra-uterine growth retardation 1.06 0.71-1.56 0.76 0.81 1.02 0.83-1.23 0.88 0.88 1.04 0.53-1.86 0.90 0.93
Placental abnormalities 0.56 0.31-0.97 0.04 0.08* 1.13 0.89-1.41 0.31 0.39 1.39 0.65-2.65 0.37 0.88
Pre-eclampsia 1.55 1.08-2.19 0.02 0.04** 1.26 1.03-1.52 0.02 0.050** 0.97 0.51-1.71 0.93 0.93
Premature rupture of membranes 1.06 0.91-1.24 0.43 0.59 0.96 0.89-1.04 0.28 0.38 1.28 0.99-1.63 0.06 0.30
Threatened preterm labour 1.60 1.25-2.03 0.0002 0.008** 1.10 0.96-1.26 0.16 0.27 0.89 0.56-1.34 0.58 0.93
Neonatal complications

Admitted to NICU for at least 24 h 1.68 1.46-1.92 3x 1078 5 x 1012+ 1.13 1.05-1.22 0.001 0.008** 0.94 0.74-1.19 0.62 0.93
Low birth weight 1.33 1.09-1.62 0.005 0.02** 1.18 1.07-1.31 0.002 0.008** 0.92 0.65-1.27 0.62 0.93
Preterm birth 1.55 1.27-1.88 2x107° 0.0001** 1.21 1.09-1.34 0.0006 0.008** 1.06 0.76-1.45 0.73 0.93
Neonatal major infections? 1.29 0.77-2.09 0.33 0.50 1.23 0.93-1.60 0.14 0.26 1.37 0.63-2.69 0.41 0.88

NICU, neonatal intensive care unit; FDR-P, false discovery rate-adjusted P-value.
a. Neonatal major infection data available since 2014.
*FDR-P < 0.1, **FDR-P < 0.05. Signicant results after FDR correction are bolded.
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Among the negative control groups in our cohort, we identified
617 maternal episodes that had discontinued antipsychotics, 1874
that had discontinued antidepressants and 355 that had discon-
tinued anticonvulsants. Because our naturalistic cohort did not
have any mothers who had discontinued antipsychotics but
remained exposed to benzodiazepines during pregnancy, we could
not control for continuous exposure of benzodiazepines in the
negative control analysis of antipsychotics.

Following covariate and FDR adjustments, negative control
analysis replicated all the previous significant associations in the
primary analysis, with FDR-adjusted P-values <0.05 (Table 3).
Specifically, elevated risk of NICU admission remained significant
in populations who had discontinued antipsychotics (odds ratio
1.62, 95% CI 1.29-2.03), antidepressants odds ratio 1.26, 95% CI
1.13-1.43) and anticonvulsants (odds ratio 1.51, 95% CI 1.12-2.09)
prior to conception. Likewise, emergency C-section (odds ratio
1.55, 95% CI 1.13-2.10) and low birth weight (odds ratio 1.62, 95%
CI 1.06-2.39) remained significant in the negative control analysis,
suggesting that the absence of exposure during pregnancy could not
nullify the elevated risk in obstetric complications. Taken together,
the fact that the discontinued group still showed elevated risks
compared with the non-exposed control group suggests that the
increased risks of obstetric complications associated with psycho-
tropic drugs during pregnancy are probably caused by uncon-
trolled/unmeasured factors correlated with the exposure rather
than by the exposure itself. Contrary to the non-significant results
in primary analysis (odds ratio 1.04, 95% CI 0.65-1.58,
Punadjusted = 0.85), the negative controls who discontinued anti-
convulsants had a higher risk of pre-eclampsia compared with
controls (odds ratio 2.46, 95% CI 1.27-4.37, Pgpr-adjusted = 0.05).

Psychotropic subclasses: subclass analysis and
subclass negative control analysis

Consistent with the primary analysis of broad psychotropic classes,
we observed significant associations of antidepressant subclasses
(SSRIs, SNRIs and tricyclics), FGAs, valproate and ‘other
anticonvulsants’ with increased risk of NICU admission.
Likewise, we found significant associations of valproate with
higher risk of low birth weight and emergency C-section. We
observed significant associations between SGAs and genito-urinary
infection, between SSRIs and premature rupture of membranes,
between SNRIs and antepartum haemorrhage and pre-eclampsia
and between ‘other antidepressants’ and low birth weight.

Among the subclass negative control groups in our cohort, we
identified 322 and 327 episodes that had discontinued FGAs and
SGAs, respectively, prior to conception; 1251, 89, 440 and 271
episodes that had discontinued SSRIs, SNRIs, tricyclics and ‘other
antidepressants’, respectively; and 138 and 217 episodes that had
discontinued valproate and ‘other non-valproate anticonvulsants’,
respectively. Moreover, several subjects who switched drugs across
subclasses within the same broad class during pregnancy were
excluded. The results of subclass analysis are shown in
Supplementary Table 7.

By comparing the subclass analysis (Supplementary Table 7)
and subclass negative control analysis (Supplementary Table 8), the
associations of SGAs with genito-urinary infection (odds ratio 2.01,
95% CI 0.62-5.08), and of tricyclic antidepressants with NICU
admission (odds ratio 1.13, 95% CI 0.89-1.42), disappeared. The
valproate-associated risk of emergency C-section (odds ratio 1.24,
95% CI 0.69-2.13), low birth weight (odds ratio 1.15, 95% CI
0.47-2.42) and NICU admission (odds ratio 1.14, 95% CI
0.64-1.97) also became non-significant, alongside the unstable
estimates for the association of SNRIs with antepartum haemor-
rhage (odds ratio 3.58, 95% CI 0.95-9.92), pre-eclampsia (odds

https://doi.org/10.1192/bjp.2025.10340 Published online by Cambridge University Press

ratio 2.92, 95% CI 0.33-11.39) and NICU admission (odds ratio
1.47, 95% CI 0.57-3.41). Given the small sample of negative
controls (particularly SNRIs), our subclass negative control analysis
was prone to false negative findings. Therefore, we further
estimated E-values (i.e. estimates as to what degree/strength of
total uncontrolled confounders would be needed to nullify the
observed associations),’! and found that both the E-values of
atypical antipsychotics and genito-urinary infection, and valproate
and low birth weight, are significantly different from 1, suggesting
that the associations are robust and unlikely due to unmeasured
confounding. The other associations were non-significant, suggest-
ing that we could not rule out the possibility of confounder bias (see
Supplementary Table 9).

Conversely, some observed significant results in the subclass
analysis were replicated in the subclass negative control analysis.
The association with premature rupture of membranes (odds ratio
0.84, 95% CI 0.71-0.98) and NICU admission (odds raio 1.21, 95%
CI 1.04-1.39) remained significant in episodes that had discon-
tinued SSRIs (Pynadjusted = 0.02). The associations between NICU
admission and SGAs (odds ratio 1.70, 95% CI 1.25-2.29), FGAs
(odds ratio 1.44, 95% CI 1.05-1.96) and non-valproate anticon-
vulsants (odds ratio 1.72, 95% CI 1.18-2.51), and between ‘other
antidepressants’ and low birth weight (odds ratio 1.63, 95% CI
1.10-2.35), remained significant, suggesting that these associations
were probably driven by confounders rather than by psychotropic
exposures, because the negative control group should have no
exposure during their pregnancy.

Surprisingly, several subclasses, such as between valproate and
gestational hypertension, showed some FDR-adjusted significant
associations in the negative control analysis but not in the primary
analysis. Although such incidental findings are interesting, our
study was not designed to investigate the effects of discontinuation
of psychotropics on obstetric complications.

Sensitivity analyses

Our sensitivity analyses provided broadly consistent results. First,
following removal of long-acting injectable antipsychotics, similar
findings in the negative control analysis of antipsychotics were
replicated, because only NICU admission remained significant
among episodes that discontinued antipsychotics (Supplementary
Table 10). Second, exclusion of episodes with high-dose psycho-
tropics during pregnancy (ie. above the BNF-recommended
maximum dose, n=138) did not nullify the significant results
found in subclass analysis (Supplementary Table 11).

Discussion

Main findings

This population-based study aimed at exploring causal links
between psychotropic exposure and risk of obstetric complications.
We comprehensively gathered the records of common complica-
tions and controlled for relevant clinical covariates. Given that all
the obstetric complications with significant associations in our
primary analysis remained consistently significant in the negative
control analysis (ie. a group who were discontinued from
psychotropics and not exposed during pregnancy), the effects
were probably attributable to uncontrolled confounders rather than
to psychotropic drugs specifically during pregnancy. In addition,
the results of different psychotropic subclasses demonstrated
distinct risks between psychotropic and obstetric complications,
and some subclasses may;, at least partially, have contributed to risks
because subclass negative control analysis nullified the significant
associations of the subclass analysis in several exposure-outcome
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Table 3 Results of negative control analysis in mothers who stopped exposures prior to preghancy

Antipsychotics® Antidepressants Anticonvulsants
0dds 0dds 0dds
Complications ratio Cl P FDR-P  Complications ratio Cl P FDR-P  Complications ratio Cl P FDR-P
Maternal complications Maternal complications Maternal complications
Antepartum haemorrhage 0.74 0.39-1.30 031 0.58 Antepartum haemorrhage 1.03 0.79-1.31 0.84 0.97 Antepartum haemorrhage 1.02 0.50-1.87 096 0.98
Chorioamnionitis 1.36 0.51-3.06 0.50 0.75 Chorioamnionitis 0.82 0.44-1.38 0.75 0.94 Chorioamnionitis 1.22 0.31-3.40 074 098
Emergency Caesarean 1.31 1.02-1.67 0.03 0.23 Emergency Caesarean 1.04 0.91-1.18 055  0.83 Emergency Caesarean 1.55 1.13-2.10 0.007 0.050**
section section section
Genito-urinary infection 1.04 0.33-253 094 0.94 Genito-urinary infection 0.86 051-1.37 054 083 Genito-urinary infection 0.25 0.00-1.74 021 045
Gestational diabetes 0.88 0.64-1.20 0.43 0.72 Gestational diabetes 1.00 0.87-1.16 0.97 0.97 Gestational diabetes 0.94 0.62-1.38 0.76 0.98
Gestational hypertension 1.32 0.90-1.88 0.15 0.36 Gestational hypertension 091 0.73-1.11 017 0.51 Gestational hypertension 1.41 0.85-2.21 0.17 043
Intra-uterine growth 177 0.95-3.04  0.07 0.26 Intra-uterine growth 1.14 0.81-1.57 0.43 0.83 Intra-uterine growth 0.99 0.33-2.29 098 0.98
retardation retardation retardation
Placental abnormalities 1.1 0.47-2.27  0.79 0.86 Placental abnormalities 1.01 0.69-1.44 0.94 0.97 Placental abnormalities 1.25 0.45-2.80 0.64 0.98
Pre-eclampsia 0.59 0.25-1.20 0.16 0.36 Pre-eclampsia 1.08 0.76-1.48 0.66  0.90 Pre-eclampsia 2.46 1.27-4.37 0.01 0.050**
Premature rupture of 0.96 0.73-1.25 078 0.86 Premature rupture of 0.91 0.80-1.03 0.14 0.51 Premature rupture of 1.01 0.71-1.40 0.96 0.98
membranes membranes membranes
Threatened preterm labour 1.35 0.88-2.02 0.17 0.36 Threatened preterm labour 1.19 0.95-1.47 0.13 0.51 Threatened preterm labour 0.97 0.50-1.72 093 098
Neonatal complications Neonatal complications Neonatal complications
Admitted to NICU for at least 1.62 1.29-2.03 4x10™> 0.0006**  Admitted to NICU for at least 1.26 1.13-1.43 0.0001 0.002**  Admitted to NICU for at least 1.51 1.12-2.09 0.01 0.050**
24 h 24 h 24 h
Low birth weight 1.40 1.00-1.92  0.050 0.25 Low birth weight 1.07 0.89-1.27 0.46 0.83 Low birth weight 1.62 1.06-2.39 003 0.1
Preterm birth 1.35 0.97-1.85 0.08 0.86 Preterm birth 1.26 1.06-1.49 0.009 0.07* Preterm birth 1.20 0.75-1.85 043 0.81
Neonatal major infections? 1.22 0.43-2.87  0.68 0.86 Neonatal major infections® 1.22 0.43-2.87 024  0.60 Neonatal major infections? 2.22 0.69-5.42 0.16 043
NICU, neonatal intensive care unit; FDR-P, false discovery rate-adjusted P-value.
a. Benzodiazapine exposures during pregnancy periods were not controlled for.
b. Neonatal major infection data available since 2014.
*FDR-P < 0.1, **FDR-P < 0.05. Signicant results after FDR correction are bolded.
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pairs, with reduced odds ratio and non-significant results following
removal of the exposure during pregnancy. Specifically, the
association of SGAs with risk of genito-urinary infection, and that
of valproate with low birth weight, revealed supportive evidence
that was further verified with significant E-values. While no
previous study has directly studied the relationship between SGAs
and genito-urinary infection, a strong association between SGAs
and urinary tract infection was observed.** It is noteworthy that our
method for rare outcomes could be prone to the problem of
insufficient statistical power. Some subclass negative control groups
had small sample sizes and provided unstable estimates (odds ratio)
and wide confidence intervals (e.g. the association of SNRIs with
pre-eclampsia), which may have led to false negative results. These
subclass negative control analysis results should be interpreted with
caution. Nonetheless, our findings remained consistent with
previous findings.**** Moreover, although subclass analysis showed
that SSRIs might be protective against premature rupture of
membranes, contrary to the extant literature,®® the subsequent
significant results in subclass negative control analysis suggested
the observed association in the primary analysis was likely
attributed to uncontrolled confounders, such as body mass index.3®

Nevertheless, after accounting for psychotropic drug use,
maternal schizophrenia remained significantly associated with
gestational diabetes, threatened preterm labour, emergency C-
section, preterm birth and low birth weight, consistent with a
previous study that did not account for antipsychotics.!®
Additionally, maternal depression was associated with gestational
diabetes, corroborating another US electronic health record study
that did not adjust for drug effects.’” The significant associations
between maternal depression and preterm birth and low birth rate
are consistent with existing evidence.®® These results suggest that
SMIs and obstetric complications could have an overlapped
aetiology independent from psychotropic drug use.

Strengths

This population-based study is among the first in the Chinese
setting to investigate the safety of psychotropic drug use, and to
consider a comprehensive list of obstetric complications. Moreover,
it is the first to examine the outcomes with all major psychotropic
classes, which allowed realistic modelling for polypharmacy in a
psychiatric population. The use of Firth’s penalised likelihood
logistic regression model was preferred, because some included
outcomes were rare in some drug subclasses, which could have
introduced small sample biases and separations.® Episodes with
multiple pregnancy (9612 episodes involving 19 375 newborns in
our cohort), which are commonly omitted but should not be
forgotten, were handled precisely by modelling different scenarios.
Besides, conservative FDR-corrected P-values were reported.
Moreover, the findings were further verified by negative control
analysis that investigated episodes that had discontinued psycho-
tropics prior to conception (i.e. psychotropic exposures were absent
in their pregnancy periods). We explicitly chose the same control
group to perform both primary and negative control analyses, to
enhance both interpretability and comparability between different
odds ratios in our results. The results from subclass negative control
analysis suggested that psychotropic drug subclasses could alter the
risk of certain obstetric/neonatal complications, even following
controlling for psychiatric diagnoses and other clinical variables.
The E-values for the associations between atypical antipsychotics
and genito-urinary infection (E=4.84, 95% CI 2.56-7.12), and
between valproate and low birth weight (E=2.75, 95% CI
1.16-4.34), were high, indicating that substantial unmeasured
confounding would be required to negate these findings.

https://doi.org/10.1192/bjp.2025.10340 Published online by Cambridge University Press

Nonetheless, when we considered psychotropic drug exposure
in broad classes, no causal links to obstetric/neonatal complications
were found at the population level. Interestingly, some obstetric
complications showed higher odds ratio in negative controls
analysis when certain drugs were discontinued before conception.
Because this study was not designed to investigate the effects of
discontinuation of psychotropics, future research is needed to
examine the impacts of discontinuing psychotropics prior to
pregnancy.

Limitations

This study has several shortcomings. First, the selected negative
control groups were imperfect, because confounding by indication
(e.g. pregnant women who had discontinued psychotropics during
pregnancy having a more favourable prognosis/mental state than
their counterparts who had continued psychotropics) beyond the
controlled covariates is plausible. Even though episodes of the
negative controls were not exposed to psychotropics during
pregnancy, we also cannot rule out the potential long-term
consequences of psychotropic exposures. Second, limited sample
size in certain drug subclasses, such as SNRIs, led to unstable
estimates and wide confidence intervals, and negative control
analysis was susceptible to false negative findings (i.e. type II
errors). Likewise, because some exposures and outcomes had
relatively low prevalence in the cohort, the corresponding
associations might have been non-significant and omitted. For
instance, we observed non-significant associations of benzodiaze-
pines and bipolar disorder with all obstetric complications, which
might contain false negative findings, because only several hundred
episodes in our cohort had such exposures. Third, our population-
based data were naturalistic routine healthcare data, and thus
standardisation of data quality was not feasible. For example,
diagnoses were listed without detailed justification in CDARS,
which may have resulted in measurement bias. In fact, multiple
psychiatric diagnoses were observed in a small portion of birth
episodes (ie. 523 [7.2%] episodes with psychotropic exposure
carried at least two of the schizophrenia/depression/bipolar
diagnoses). Importantly, drug compliance was also not measured,
and poor adherence to psychotropics might have undermined the
validity of our findings. Fourth, potential confounders, such as
paternal information and socioeconomic status, were unavailable.
Importantly, older paternal age may increase the risk of preterm
birth, low birth weight and NICU admissions.*® Moreover, self-
prescription might be a confounder but was not captured in
CDARS. Similarly, maternal lifestyle factors (such as physical
activity, maternal smoking habit and substance misuse) are
important confounding factors but were not captured in our
data-set. These factors probably resulted in bias away from the null,
and thus overstated the effects of exposure on the outcome. E-
values were computed to further triangulate the strength of
associations driven by spurious cofounders. Moreover, the
prescribing patterns in our locality had changed over the study
period. For instance, the use of FGAs and tricyclic antidepressants
has been declining, and, in our data, carbamazepine has no longer
been used in pregnant women since 2005. Lastly, ethnicity was not
captured despite 92% of residents in Hong Kong being Chinese.*!
Taken together, these limitations affect the generalisability of our
findings.

To conclude, our overall results did not identify causal links
that psychotropic exposures in pregnancy will elevate the risk of
obstetric complications at the population level. Our subclass
analysis provides preliminary evidence for inference of causal
triangulation, which apparently suggests that certain psychotropic
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