Notice of correction 9/15/2021: Table 1 has been corrected to reflect that the fifth psychotropic

category listed below “First Trimester Psychotropic Medication Use” is atypical antidepressants.
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ABSTRACT

Objective: Second-generation antipsychotics (SGAs) are prescribed for a wide
range of indications in women of reproductive age. The National Pregnancy
Registry for Atypical Antipsychotics (NPRAA) was established to determine the risk
of major malformations among infants exposed to these medications during the
first trimester relative to a comparison group of unexposed infants of mothers with
histories of psychiatric morbidity.

Methods: Women, aged 18-45 years, with histories of psychiatric illness were
prospectively followed through pregnancy and during the postpartum period.
Pediatric and maternal medical records were obtained and screened for evidence
of major malformations. Potential cases were adjudicated by a dysmorphologist
who was blinded to drug exposure.. Recruitment to the Registry, which is based

at the Ammon-Pinizzotto Center for Women’s Mental Health at Massachusetts
General Hospital (MGH), includes nationwide provider referral, self-referral, and
advertisement through the MGH Center for Women'’s Mental Health website.
Results: As of April 9, 2020, 1,906 women had enrolled, including 889 in the
exposure group and 1,017 controls. A total of 1,311 women completed the study
and were eligible for inclusion in the analysis. Medical records were obtained for
81.3% of participants. Among 640 live births in the exposure group, 16 (2.50%) had
confirmed major malformations reported, and among 704 live births in the control
group, 14 (1.99%) had confirmed major malformations reported. The estimated
odds ratio for major malformations comparing exposed and unexposed infants
was 1.48 (95% Cl, 0.625-3.517).

Conclusions: Data from the Registry assessing SGAs as a class indicate that they
are unlikely to have a major teratogenic effect. These findings provide pertinent
information for women and their health care providers regarding decisions about
atypical antipsychotic use during pregnancy.
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Clinical Points

B |ncomplete reproductive safety data for atypical
antipsychotics prompted the establishment of the National
Pregnancy Registry for Atypical Antipsychotics (NPRAA).

B Findings from the NPRAA suggest that use of atypical
antipsychotics during the first trimester does not
substantially increase the risk of major malformations.

B For pregnant women with major mood and/or psychotic
disorders, treatment with an atypical antipsychotic may be
the most prudent clinical decision when weighing overall
risks and benefits, including untreated illness.

Over the past decade, national and international
pregnancy registries have emerged as an effective
and efficient means of collecting robust reproductive safety
data on a variety of medications.!* While these registries
may vary with respect to methods of data collection and
definitions of major malformations, they are uniformly
prospective in study design and allow for the assessment
of potential confounding variables and the selection of
controls (ie, either healthy or subjects with similar illnesses
to those exposed), which are critical to the interpretation of
reproductive safety outcomes.

Since atypical antipsychotics are increasingly being used
by women of reproductive age as primary or adjunctive
therapy across a wide range of psychiatric disorders (including
bipolar disorder, schizophrenia, unipolar depression, and
anxiety disorders), the need for accurate reproductive safety
information across these medications is increasing.”~” With
the advent of the Pregnancy and Lactation Labeling Rule
(PLLR) of the US Food and Drug Administration (FDA),
a more descriptive summary of outcomes of exposure to
medications during pregnancy and lactation is now required
to be listed on drug labels instead of the previously used
category labeling system of A, B, C, and X.® Manufacturers
are also required to state whether a pregnancy registry exists
for their particular medication (https://www.fda.gov/Drugs/
DevelopmentApprovalProcess/DevelopmentResources/
Labeling/ucm093307.htm). Therefore, the National
Pregnancy Registry for Atypical Antipsychotics (NPRAA)
is a timely and ideal mechanism for collecting important
reproductive safety data on second-generation antipsychotics
(SGAs). Modeled after the North American Antiepileptic
Drug Registry and based at Massachusetts General
Hospital, the National Pregnancy Registry for Atypical
Antipsychotics), was established in 2008.” The Registry is
the first hospital-based pregnancy registry in North America
to systematically and prospectively examine the risk of major
malformations among infants exposed in utero to SGAs.
In addition, data for other important secondary outcomes
including neonatal, obstetrical, and neurobehavioral
outcomes are also collected.

The objective of this report is to present updated results
from the NPRAA since the last publication describing
reproductive safety data for this class of psychotropics.!® Due

to' the increase in the Registry’s sample size over time, the
absolute and relative risk of major malformations observed
in the study population are now more precise. Given the
removal of the pregnancy category labeling system and the
renewed emphasis from regulatory agencies on data collected
from well-designed pregnancy registries, these current data
are particularly timely.

METHODS

Methods and procedures used by the NPRAA are
described in detail elsewhere.”!? Briefly, this ongoing
prospective cohort study follows pregnant women with
psychiatric illness, aged 18-45 years, who are exposed and
unexposed to SGAs during pregnancy. Second-generation
antipsychotics in the Registry are any medication and
formulation in the class that is approved by the FDA, whether
brand or generic versions, if available. These medications
include aripiprazole (Abilify, Abilify Maintena), aripiprazole
lauroxil (Aristada), asenapine (Saphris), clozapine (Clozaril),
iloperidone (Fanapt), lurasidone (Latuda), olanzapine
(Zyprexa), olanzapine pamoate (Zyprexa Relprevv),
paliperidone (Invega), quetiapine (Seroquel), risperidone
(Risperdal, Risperdal Consta), and ziprasidone (Geodon).
Additional SGAs will be included in the Registry as these
medications become available.

Since our last publication in 2016, the following
medications have been incorporated in the Registry:
brexpiprazole (Rexulti), cariprazine (Vraylar), and
paliperidone palmitate (Invega Trinza, Invega Sustenna).
Participants are recruited primarily through health care
provider referrals, consultations at the Massachusetts
General Hospital Center for Women’s Mental Health, and
the Center’s website (http://womensmentalhealth.org).!” The
exposed group consists of women who have used at least one
SGA during the first trimester of pregnancy. The comparison
group consists of women with a history of psychiatric
illness who are being treated with a variety of psychotropic
medications other than SGAs. The NPRAA is registered with
ClinicalTrials.gov (NCT01246765).

Participants are interviewed over the phone at 3 time
points across pregnancy: at enrollment, at 7 months, and
at 3 months postpartum. The initial interview ascertains
information regarding demographic characteristics,
medication use and dosage changes (if any, before and during
pregnancy), social habits (ie, smoking, alcohol consumption,
and illicit drug use), medical and psychiatric history, and
family history of birth defects. The 7-month interview
collects data on changes in medication or dosage (if any) and
intervening medical problems across pregnancy. During the
final, postpartum interview, information is gathered from
maternal reports regarding pharmacotherapy, labor, delivery,
and neonatal health outcomes.

Outcome data are also obtained through systematic
review of obstetric, labor and delivery, and pediatric
medical records. Information regarding primary and
secondary outcomes is abstracted from medical records
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Figure 1. Selection of Analytic Sample

n = 1,906 Prospectively enrolled
subjects

n = 889 Exposed to SGA

n=1,017 Unexposed to SGA

n =115 Dropped or lost to follow-up
n =105 Outcome not yet available?

n =48 No first trimester exposure

n =110 Dropped or lost to follow-up

n =217 Outcome not yet available?

n =621 Subjects with outcome data

n = 690 Subjects with outcome data

n = 640 Infants with outcome data
and exposure to SGAs

(includes 1 set of triplets and
17 sets of twins)

n =704 Infants with outcome data
and no exposure to SGAs

(includes 14 sets of twins)

Participants have not completed all study interviews.
Abbreviation: SGA = second-generation antipsychotic.

by a trained research coordinator and a senior study
physician-investigator (A.C.V.). If a major malformation
is noted, pediatric medical records are redacted and sent
to a trained dysmorphologist (D.C.) blinded to medication
exposure to confirm presence of a malformation. Final
adjudication of the records is ultimately the responsibility
of the dysmorphologist.

All participants in the Registry provide verbal informed
consent, and all study procedures were approved by the
Massachusetts General Hospital Institutional Review Board.

Release of findings and other major policy decisions
are governed by a Scientific Advisory Board made up of
experts in the fields of teratology, epidemiology, pediatrics,
and pharmacology.” The NPRAA is financially supported
by multiple manufacturers of SGAs who voluntarily agree
to support the research initiative with a fixed proportion
of Registry operating costs. This mechanism of support for
a pregnancy registry is endorsed by the FDA in respective

guidance documents.® Since the Registry’s inception,
manufacturers have chosen to either participate or decline,
and several companies have renewed participation while
others have deferred. A full listing of current and past
sponsors is included on the Registry’s website https://
womensmentalhealth.org/research/pregnancyregistry/).
Study sponsors have no role in research design, data
collection, analysis, interpretation, or manuscript
preparation and review. All medications in the class are
studied regardless of manufacturer support per the scientific
mission of the NPRAA.

The primary outcome is the presence of a major
malformation identified within 6 months of birth. A
major malformation is defined as a structural abnormality
with surgical, clinical, or cosmetic importance.'! Clear
chromosomal and single gene abnormalities were
excluded. Other exclusions included minor malformations,
deformations, birthmarks, physiologic features due to
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Table 1. Demographic and Clinical Characteristics of the Study Population®

First Trimester

Exposure Unexposed

To All SGAs To SGAs Total
Category/Characteristic (n=621) (n=690) (N=1,311)
Demographics
Age, mean (SD), y 32.6(5.14) 32.7 (4.19) 326 (4.67)
Baseline BMI, mean (SD), kg/m? 28.4(6.81) 25.9 (6.00) 27.1(6.51)
White 553(89.0) 644 (93.3) 1,197 (91.3)
College educated 442 (71.2) 606 (87.8) 1,048 (79.9)
Married 478 (77.0) 621 (90.0) 1,099 (83.8)
First Trimester Exposure
Cigarettes 114 (18.4) 35(5.1) 149 (11.4)
Alcohol 133 (21.4) 197 (28.6) 330 (25.2)
Drugs 43 (6.9) 30(4.3) 73 (5.6)
Prenatal vitamins 435 (70.0) 555 (80.4) 990 (75.5)
First Trimester Psychotropic Medication Use
First-generation antipsychotics 14 (2.3) 6(0.9) 20(1.5)
SSRIs 170 (27.4) 386 (55.9) 556 (42.4)
SNRIs 55(8.9) 66 (9.6) 121(9.2)
Tricyclic antidepressants 12(1.9) 8(1.2) 20(1.5)
Atypical antidepressants 77 (12.4) 115 (16.7) 192 (14.6)
Lithium 36 (5.8) 21(3.0) 57 (4.3)
Anticonvulsants 212 (34.1) 87(12.6) 299 (22.8)
Antianxiety 104 (16.7) 72 (10.4) 176 (13.4)
Sedatives 33(5.3) 17 (2.5) 50 (3.8)
Stimulants 39(6.3) 53(7.7) 92 (7.0)
Pregnancy History
Planned pregnancy 458 (73.8) 568 (82.3) 1,026 (78.3)
> 1 prior pregnancy 224 (36.1) 193 (28.0) 417 (31.8)
Primary Diagnosis
Bipolar disorder 397 (63.9) 79 (11.4) 476 (36.3)
Schizophrenia 28 (4.5) 0 28(2.1)
Major depression 80(12.9) 235 (34.1) 315(24.0)
Anxiety 36 (5.8) 216 (31.3) 252(19.2)
History of postpartum depression and/or psychosis 257 (41.4) 245 (35.5) 502 (38.3)
Psychiatric lliness Severity
Age at diagnosis, mean (SD), y 18.3 (6.70) 16.4(7.13) 17.4 (6.99)
Lifetime no. of inpatient psychiatric hospitalizations, mean (SD) 3.9(6.50) 2.7 (3.65) 3.6 (5.86)
Chronicity, mean (SD) 0.4 (0.20) 0.5(0.21) 0.5(0.21)

2Values shown as n (%) unless otherwise noted.

Abbreviations: BMI=body mass index, SGA =second-generation antipsychotic, SNRI =serotonin-norepinephrine
reuptake inhibitor, SSRI = selective serotonin reuptake inhibitor.

prematurity, and any findings by prenatal sonography
or at surgery (or autopsy) that were not identified by an
examining pediatrician (or other medical professional).
Secondary outcomes include neonatal, obstetrical, and
neurobehavioral outcomes, which are not included in this
analysis.

Statistical Analyses

The primary exposure in this study was SGA use during
the first trimester of pregnancy (< 13 weeks’ gestational age).
This exposure was operationalized into a binary variable:
use of an atypical during first trimester (exposed) or no
use during the entire pregnancy (unexposed). Women who
used SGAs only during the second and/or third trimester
of pregnancy were excluded from the analysis (Figure 1).

A number of binary and continuous predictors were
also examined. All predictors were provided by maternal
report and were measured before or concurrently with SGA
use and before the outcome of interest occurred (Table

1). Chronicity of illness was calculated as the difference
between the participant’s current age and age at onset of first
symptoms divided by the participant’s current age.

We compared the unadjusted odds of a major
malformation among infants exposed and unexposed
to atypical antipsychotics. We also examined possible
confounding by a number of factors, listed in Table 2.
Because the majority of women included in the comparison
group also had psychiatric conditions and used psychotropic
medications, confounding by factors associated with both
psychiatric illness and risk of malformations was reduced.
Each potential confounding factor was added individually
to the crude logistic regression model, and the change in
the odds ratio was examined to assess the magnitude and
direction of the bias. When the confounders changed the
odds ratio of the comparison by 5%, they were included in
the final multivariate logistic regression model (Figure 2).
Confounders included cigarette use in the first trimester,
a primary diagnosis of depression or anxiety, selective
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Figure 2. Odds of Major Malformations in Infants Following First Trimester Exposure to Second-Generation Atypical

Antipsychotics With Those Unexposed to any Second-Generation Atypical Antipsychotics, After Adjustment for Potential
Confounders

OR LCL UcCL

Age

BMI

Alcohol Use First Trimester

Antianxiety Meds Use First Trimester
Anticonvulsant Meds Use First Trimester
Antidepressant Meds Use First Trimester
Primary Diagnosis Anxiety

Primary Diagnosis Bipolar

Cigarette Use First Trimester

College Educated

Primary Diagnosis Depression

History of Postpartum Depression/Psychosis
Married

Pregnancy Planned

>1 Prior Pregnancy

Sedative Use First Trimester

SNRI Use First Trimester

SSRI Use First Trimester

Stimulant Use First Trimester

Prenatal Vitamin Use

Subject is White

1.26 0.61 261
1.16 0.53 252
1.29 0.62 2.67
1.29 0.62 267
1.22 0.58 2.59
1.27 0.62 2.64
133 0.61 2.88
1.24 0.52 292
1.09 0.51 2.31
1.27 0.61 2.66

139 0.65 2.95

131 0.63 273
1.21 0.58 252
1.29 0.62 2.68
1.24 0.60 2.56
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1.28 0.62 2.65
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Abbreviations: BMI=body mass index, OR=odds ratio, LCL =lower confidence limit, SGA = second-generation antipsychotic, SNRI= serotonin-norepinephrine

—

reuptake inhibitor, SSRI=selective serotonin reuptake inhibitor, UCL=upper confidence limit.

serotonin reuptake inhibitor (SSRI) use in the first trimester,
and prenatal vitamin use. Each odds ratio estimate for
the effect of atypical exposure on malformations after
adjustment is displayed in Table 2.

All analyses were completed using SAS, version 9.4 (2013;
SAS Institute; Cary, North Carolina).

RESULTS

Between the NPRAAs inception in November 2008
and data analysis cutoff point of April 9, 2020, which was
determined by our Scientific Advisory Board, a total of 1,906
women had been enrolled. For this analysis, 1,311 subjects
were eligible based on completion of the postpartum
interview at time of data extraction; 621 had first trimester

exposure to an atypical antipsychotic, and 690 had no
exposure to an atypical antipsychotic during pregnancy.
The remaining women in the sample were ineligible because
they either had not completed their postpartum interview
(n=322, 16.89%) or else dropped out of the study, were lost
to follow-up, or had a spontaneous or therapeutic abortion
without a known major malformation (n=225, 11.80%). An
additional 48 women were not included because they were
exposed to an atypical antipsychotic during their second or
third trimester, but not during their first trimester (Figure
1). Medical records were obtained for 81.3% of participants.

The participants’ demographic and clinical characteristics
are summarized in Table 1. There were notable differences
between the participants in the exposed and unexposed
groups. Women exposed to an atypical antipsychotic were
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Table 2. Analysis of Covariates to Adjust the Model, Adjusted and Unadjusted Odds Ratios

All SGA
Unadjusted
OR Full
Unadjusted  Lower Model All SGA OR ORWith Covariate 9 Change in
Analysis OR CL  UpperCL OR Covariate With Covariate Lower CL  UpperCL  All SGA OR
Model Checking 1.264 0.612 2.61 Age 1.262 0.611 2.607 -0.13
. BMI 1.161 0.535 2.52 -8.16
Alcohol Use first trimester 1.288 0.622 2.668 1.94
Antianxiety 1.288 0.622 2.667 1.95
Anticonvulsant use first trimester 1.221 0.576 2.588 -3.38
Antidepressant use first trimester 1.274 0.616 2.636 0.84
Primary diagnosis of anxiety 1327 0.611 2.88 4.99
Primary diagnosis of bipolar 1.236 0.523 2.925 -2.18
Cigarette use first trimester 1.086 0.511 2.308 -14.06
College educated 1.27 0.606 2.663 0.51
Primary diagnosis of depression 1.385 0.651 2.948 9.62
History of postpartum 1.306 0.481 3.549 3.36
depression/psychosis
Married 1.308 0.628 2.727 3.54
Pregnancy planned 1.213 0.584 2.517 —-4.04
>1 prior pregnancy 1.292 0.624 2.677 2.28
Sedative use first trimester 1.237 0.597 2.565 -2.11
SNRI use first trimester 1.283 0.62 2.655 1.5
SSRI use first trimester 1.367 0.64 2923 8.19
Stimulant use first trimester 1.263 0.611 261 -0.06
Prenatal vitamin use 1.326 0.639 2.75 491
Subject is White 1.279 0.618 2.645 1.17
Final Model 1483  SGA exposure 1vs 0 0.625 3517
1.509  Primary diagnosis of anxiety 0.505 4511
2974  Cigarette use first trimester 1.167 7.58
1.654  Primary diagnosis depression 0.659 4.15
1.249  SSRI use first trimester 0.572 2.728
2.181  Prenatal vitamin use 0.791 6.013

Abbreviations: BMI=body mass index, CL = confidence limit, OR=odds ratio, SGA = second-generation antipsychotic, SNRI=serotonin-norepinephrine
reuptake inhibitor, SSRI=selective serotonin reuptake inhibitor.

Table 3. Malformations Following Exposure to Second-Generation Atypical Antipsychotics Versus Non-Exposed Comparison

Group

Exposed Group: 16 Malformations

1-3.Isolated hypospadias with surgical repair

4. Imperforate hymen

5.Transposition of the great arteries

6. Ventricular septal defect with surgical repair

7. Atrial septal defect with surgical repair, tracheal rings

8. Cleft lip/palate, great toe abnormality, 2-3 toe syndactyly,

Unexposed Group: 14 Malformations

1-3. Hypospadias with surgical repair

4. Isolated cleft lip/cleft palate

5.Thick pulmonary valve associated with mild pulmonary stenosis

6. Jejunal atresia; volvulus, intestinal malrotation (infant expired DOL 6)

7. ASD, pulmonary valve stenosis with surgical repair

8. Polycystic renal dysplasia resulting in severe right hydronephrosis with surgery to

dilated atria with PFO and left to right shunting
9. 6-toe polydactyly
10. Pulmonary stenosis due to dysplastic pulmonary valve

remove kidney
9. Ectrodactyly
10. Brachial cleft cyst

11. Cleft lip/cleft palate

12. Dandy-Walker malformation with fetal termination
13. Severe laryngomalacia, requiring NG tube for feeding
14. Craniostenosis requiring bilateral neurosurgery

11. Large bilateral facial hemangioma described as a vascular malformation

12. Narrow aorta- surgery at 4 DOL

13. PROS, one leg longer than the other, partial webbing

14. Sagittal stenosis requiring surgery, peripheral pulmonary stenosis, sacral dimple

15. Anencephaly
16. Lobar holoprosencephaly, suspected AV—spontaneous abortion

Abbreviations: ASD =atrial septic defect, AV =arteriovenous, DOL =day of life, NG =nasogastric, PFO = patent foramen ovale, PROS = PIK3CA-related

overgrowth spectrum.

less likely to have a college education (71.2% vs 87.8%) and
less likely to be married (77% vs 90%). Exposed women also
had a higher rate of first trimester cigarette usage (18.4% vs
5.1%) than unexposed women.

Regarding psychiatric history, exposed participants were
found to have a higher age at initial onset of their primary
psychiatric diagnosis and lower proportion of lifetime
illness than those unexposed to an atypical antipsychotic.

Women in the exposed group were more likely to have a
diagnosis of bipolar disorder (63.9% vs 11.4%) than those
in the unexposed group; those in the unexposed group were
more likely to have a primary diagnosis of major depression
(34.1% vs 12.9%) or anxiety (31.3% vs 5.8%).

In order of prevalence, the most frequently used atypical
antipsychotics in the exposed group were quetiapine,
aripiprazole, and lurasidone. Separate analysis of major
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Table 4. Unadjusted and Adjusted Odds Ratios for Risk of Major Malformations

Comparing Exposure Status With Second-Generation Antipsychotics

(N=1,344 Infants)

Prevalence
Group n  of Malformations Odds Ratio 95% Cl
First trimester exposure to SGAs (n=640) 16 2.50% Adjusted: 1.483 0.625-3.517
Unadjusted: 1.264  0.612-2.610
Unexposed to SGA (n=704) 14 1.99%

Figure 3. Prevalence of Major Malformations by Exposure Group?

Absolute Risk for Atypical Antipsychotics
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aData as of April 2020.

PData from the Centers for Disease Control and Prevention.'3
‘Data from the Brigham and Women's Hospital Active Malformations Surveillance Program.'

Abbreviation: SGA =second-generation antipsychotic.

malformations among participants taking quetiapine has
been discussed in detail elsewhere.!?

Among the 640 SGA-exposed infants, including 17 twin
pregnancies and 1 triplet pregnancy, evaluated for this
analysis, 16 major malformations were identified. In the
comparison group of 704 unexposed infants, including 14
twin pregnancies, 14 major malformations were identified.
Further description of the noted malformations is seen in
Table 3. The prevalence in the exposed group was estimated
to be 2.50% as compared to 1.99% in the unexposed
group (Table 4). Figure 3 depicts the prevalence of major
malformations by exposure group compared to Centers
for Disease Control (CDC) surveillance data'® as well
as data from the Brigham and Women’s Hospital Active
Malformations Surveillance Program.'*

DISCUSSION

Release of reproductive safety data from the National
Pregnancy Registry for Atypical Antipsychotics is governed
by our Scientific Advisory Board.’ These data present a more
recent update from our last report regarding risk estimates
for major malformations following first trimester exposure to

atypical antipsychotics as a class.!” Previously, we published
aggregate data on 303 subjects and reported an odds ratio
for major malformations comparing exposed to unexposed
infants of 1.25 (95% CI, 0.13-12.19).!° Based on our current
data, the estimated odds ratio for major malformations was
1.48 (95% CI, 0.625-3.517). Therefore, it is reassuring that
our odds ratio estimate appears likely to be less than that
of other major teratogens, although more modest effects
cannot be ruled out either.!>!6

Our current and past findings are consistent with
some, but not all studies.!”"?° Two large epidemiologic
studies!®?® reported a 1.5 to 2-fold increase in the risk
of major malformations. In addition, they also found a
significant increase in cardiac defects, mostly atrial and
ventricular septal defects, among SGA-exposed infants.
While cardiac septal defects are among the most common
congenital malformations in the general population, it is
also very likely that detection bias may play a major role
in the preponderance of cardiac defects.?! Pregnant women
on treatment with atypical antipsychotic medications
are more likely to be offered fetal echocardiography and
further surveillance as compared to women not taking such
medications. Such a detection bias has been previously
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noted With antidepressants such as SSRIs.” In ‘one study,**
women using antidepressants during pregnancy had a 30%
higher rate of ultrasound diagnostics, and exposed infants
were twice as likely to receive an echocardiogram compared
to unexposed infants. Interestingly, we did not observe a
significant increase in cardiac defects in this analysis or in
our earlier findings.!°

It is also reassuring that our findings are consistent with
one of the largest studies to date'® involving a nationwide
sample of over one million women enrolled in Medicaid.
In that study, the estimated risk ratio, after adjusting for
psychiatric conditions, was 1.05 (95% CI, 0.96-1.16) among
infants exposed versus not exposed to SGAs, demonstrating
no increased risk for major malformations for the medication
as a class.'8

Furthermore, a hallmark of a teratogen is that it tends
to cause a specific type or pattern of malformations.®!!
We found no preponderance of one single type of major
malformation or specific pattern of malformations among
the exposed and unexposed groups. In addition, it is
important to emphasize that the most clinically relevant
measure in communicating teratogenic risk is the absolute
risk. We report an absolute risk of 2.5%, which is consistent
with the CDC’s national rate of major malformations in the
general population.'® However, the absolute risk for a major
malformation in our unexposed group was 1.99%, which was
lower than expected and may be due to random error or
higher rates of healthy behavior in women who choose to
enroll in a pregnancy registry.

In previous publications on the topic of SGA exposure and
pregnancy, potential confounders were variably controlled
for in the analyses. These potential confounders relate to
both atypical antipsychotic use and other factors known to
impact risk for malformations and include diagnosis and
severity of illness, having a planned pregnancy, maternal age,
health and lifestyle indicators such as body mass index, and
first trimester use of other psychotherapeutic drugs, prenatal
vitamins, alcohol, and/or cigarettes.”>~*” We observed that
some confounders, such as cigarette use, attenuated the
odds ratio, while others, such as a diagnosis of depression
or anxiety and SSRI use in the first trimester, increased the
unadjusted odds.

This study has a number of key strengths. The
precise determination of the primary outcome, major
malformations, is more rigorous than in most studies.
Because these outcome data are obtained prospectively, the
Registry allows for evaluation of the relationship between
atypical antipsychotic use during the first trimester of
pregnancy and major malformations while minimizing the
potential for recall bias. The rigorous record review of infant
outcomes followed by adjudication of our malformations by
a trained dysmorphologist blinded to medication exposure
is another major strength of this study design. Moreover,
the utilization of phone interviews with participants along
with medical record review allows the research team to
obtain sound information about the presence of the primary
outcome, but also facilitates gathering more in-depth

contextual information~on lifestyle and "demographic
factors as well as detailed weekly medication use patterns,
information that typically unavailable from the medical
record alone. This method also allows for an accurate
picture of pharmacotherapy throughout pregnancy and
information on factors that could confound the relationship
between first trimester atypical antipsychotic exposure and
major malformations. Another major strength of this study
is the inclusion of a comparable reference group of women
with psychiatric disorders using the same methods for
recruitment, enrollment, and the ascertainment of outcomes
as used for women in the exposure group.? Instead of using
a reference group of healthy controls, our comparison group
of women with histories of psychiatric illness helps to limit
confounding by indication that is so often a problem in other
studies.!”~2° Typically, the confounding effect of the severity
of underlying clinical indication (ie, psychiatric illness) and
its associated behaviors are unaccounted for in large claims
databases or national birth registries.

With respect to limitations, the extent to which
these results are generalizable to the larger population
of women taking atypical antipsychotics is unknown.
For instance, the demographics of our study population
are overwhelmingly White, married, and well-educated
women. Enrollment of women in pregnancy registries is
also voluntary and tends to self-select for women who may
be higher functioning, more motivated, and better informed
perhaps than nonparticipants. Therefore, interpretation
of findings based on women who participate in registries
may differ fundamentally from interpretation of those of
nonparticipants, thus modifying the effect of the drug.? For
example, the majority of the women in the exposure group
have a bipolar disorder diagnosis and few have a diagnosis
of schizophrenia, resulting in an underrepresentation of
women with schizophrenia, who are often treated with
atypical antipsychotic medications. Additionally, these
results do not provide risk assessments for each individual
medication in this class.

Another limitation to note is the lack of systematic genetic
testing of infants presenting with major malformations
following prenatal exposure to different medications.”® With
the recent advent of genome sequencing and chromosome
microarray analysis and whole exome/genome sequencing,
some major malformations were found to be the result of
microscopic and submicroscopic chromosome abnormalities
as well as single gene disorders. Such malformations and
those due to clear chromosomal abnormalities were excluded
from the analysis.”® However, since not all infants in the study
sample received genetic testing, there is the possibility that
cases caused by an undiagnosed genetic mechanism rather
than a drug exposure were included. If this were true, our
current estimates would be artificially inflated compared to
the true odds ratio. Thus, in the absence of systematic genetic
testing of all infants (which would be cost-prohibitive), it is
reassuring that cases due to an undiagnosed genetic cause
would likely be equally distributed among the exposed and
unexposed groups.
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In Conclusion, our results suggest that “the” use of
atypical antipsychotics during the first trimester does not
substantially increase the risk of major malformations. While
the heterogeneity of studies examining reproductive safety of
SGAs makes it difficult to compare the risk for malformations
across studies, the accumulated evidence, thus far, suggests
a low absolute risk and argues against a major teratogenic
effect associated with SGAs. A major clinical implication of
these findings is that for women with major mood and/or
psychotic disorders, treatment with an atypical antipsychotic
during pregnancy may be the most prudent clinical decision,
much as continued treatment is recommended for pregnant

Reproductive Safety of Second-Generation Antipsychotics

women with other serious and chronic medical conditions,
such as epilepsy.?® Given the flexibility and richness of
the Registry’s infrastructure, future efforts of the NPRAA
include examination of obstetrical and neonatal outcomes
as well as the long-term neurobehavioral effects of in utero
exposure to atypical antipsychotics in children. Furthermore,
enrollment into the Registry is ongoing. Therefore, larger
samples sizes will further narrow the confidence interval
around the risk estimates and allow for adjustment of likely
sources of confounding, thus providing critical data to help
patients and clinicians weigh the benefits and risks of atypical
antipsychotic use during pregnancy.
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To obtain credit, go to PSYCHIATRISTCOM to take this Posttest
and complete the Evaluation. A $10 processing fee is required.

1. A hallmark of a teratogen is that it tends to cause a specific type or pattern of

malformations. Regarding this study of registry data on infants exposed to second-
generation antipsychotics (SGAs) in the first trimester, which of the following
statements is true?

a. Their findings are consistent with those of prior studies that reported a 1.5 to 2-fold risk
of major malformations, especially cardiac defects, associated with SGA exposure.

b. The absolute risk of major malformations in SGA-exposed infants was 2.5%, which
is consistent with the baseline risk of major malformations in the general population
according to the US Centers for Disease Control.

c. In this prospective-design study, detection bias and/or recall bias may have confounded
the authors’ findings.

d. The absolute risk for a major malformation in their unexposed group was higher than
expected, which may be due to random error.

2. Kaitlin is a 30-year-old patient with bipolar disorder that has been well managed
with an SGA for the past few years. After experiencing social, academic, and
financial instability and several hospitalizations until her mid-twenties, she has
been able to hold a job she likes and has a steady partner. They have just discovered
unexpectedly but happily that she is pregnant, and she asks you about medication
safety. What would you be able to tell Kaitlin?

a. Data from a registry of women who also largely have bipolar disorder diagnoses
demonstrate that first-trimester SGA exposure does not substantially increase the risk
of major malformations above the baseline risk for major malformations in the general

population.

b. The most prudent clinical decision would be to stop her SGA treatment now for the
duration of her pregnancy and breast-feeding.

c. The accumulated evidence is too heterogeneous for you to derive a clinical implication of
whether SGAs have a teratogenic effect or not.

d. Because the registry data provided risk assessments for individual medications in the SGA
class, you can advise her on the risks associated with her specific treatment.
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