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ABSTRACT

BACKGROUND
Whether the use of selective serotonin-reuptake inhibitors (SSRIs) and other anti-
depressants during pregnancy is associated with an increased risk of congenital
cardiac defects is uncertain. In particular, there are concerns about a possible asso-
ciation between paroxetine use and right ventricular outflow tract obstruction and
between sertraline use and ventricular septal defects.

METHODS

We performed a cohort study nested in the nationwide Medicaid Analytic eXtract
for the period 2000 through 2007. The study included 949,504 pregnant women
who were enrolled in Medicaid during the period from 3 months before the last
menstrual period through 1 month after delivery and their liveborn infants. We
compared the risk of major cardiac defects among infants born to women who took
antidepressants during the first trimester with the risk among infants born to
women who did not use antidepressants, with an unadjusted analysis and analyses
that restricted the cohort to women with depression and that used propensity-score
adjustment to control for depression severity and other potential confounders.

RESULTS

A total of 64,389 women (6.8%) used antidepressants during the first trimester.
Overall, 6403 infants who were not exposed to antidepressants were born with a
cardiac defect (72.3 infants with a cardiac defect per 10,000 infants), as compared
with 580 infants with exposure (90.1 per 10,000 infants). Associations between anti-
depressant use and cardiac defects were attenuated with increasing levels of adjust-
ment for confounding. The relative risks of any cardiac defect with the use of SSRIs
were 1.25 (95% confidence interval [CI], 1.13 to 1.38) in the unadjusted analysis, 1.12
(95% CI, 1.00 to 1.26) in the analysis restricted to women with depression, and 1.06
(95% CI, 0.93 to 1.22) in the fully adjusted analysis restricted to women with depres-
sion. We found no significant association between the use of paroxetine and right
ventricular outflow tract obstruction (relative risk, 1.07; 95% CI, 0.59 to 1.93) or be-
tween the use of sertraline and ventricular septal defects (relative risk, 1.04; 95% CI,
0.76 to 1.41).

CONCLUSIONS
The results of this large, population-based cohort study suggested no substantial
increase in the risk of cardiac malformations attributable to antidepressant use
during the first trimester. (Funded by the Agency for Healthcare Research and
Quality and the National Institutes of Health.)
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LINICAL DEPRESSION OCCURS IN 10 TO
15% of pregnant women.* The use of anti-
depressant medications during pregnancy
has increased steadily over time, with reported
prevalences of 8 to 13% in the United States.?*
Selective serotonin-reuptake inhibitors (SSRIs) are
the most commonly prescribed antidepressants
during pregnancy.# In 2005, on the basis of early
results of two epidemiologic studies, the Food and
Drug Administration (FDA) warned health care pro-
fessionals that early prenatal exposure to paroxetine
may increase the risk of congenital cardiac malfor-
mations, and the FDA reclassified the drug to preg-
nancy category D (evidence of human fetal risk, but
benefits may warrant use).> Most malformations
cited in the early reports leading to the FDA warn-
ing were septal defects. Since then, several studies
have evaluated the teratogenicity of SSRIs and
other antidepressants,®*° but considerable contro-
versy remains regarding whether this is a “serious
concern or much ado about little,” as noted in an
editorial published with two of the reports.13:14.2°
Studies have shown diverse associations, often
in the context of multiple comparisons. Yet, at least
two studies have shown a doubled or tripled risk of
right ventricular outflow tract obstruction asso-
ciated with paroxetine use'®>'* and of ventricular
septal defects associated with sertraline use.13:1
A meta-analysis estimated a 50% increase in the
prevalence of cardiac defects overall with parox-
etine use during the first trimester.2* It has re-
mained unclear, however, whether these associa-
tions are causal or due to systematic error or
chance. We conducted a cohort study using a
large national database of publicly insured preg-
nant women and adolescents in the United States
to assess the risk of congenital cardiac defects
after the use of specific antidepressants, with
attention to the potential for confounding by the
underlying depression and associated factors.

METHODS

DATA SOURCE AND STUDY COHORT

The study cohort was drawn from the Medicaid
Analytic eXtract for 46 U.S. states and Washington,
D.C., for the period of 2000 through 2007. Mon-
tana and Connecticut were excluded because of
difficulty in linking data for mothers and infants,
Michigan was excluded because of incomplete
data, and data from Arizona were not available.
The Medicaid Analytic eXtract data set contains

individual-level demographic and Medicaid enroll-
ment information, as well as data on all physician
services and hospitalizations and the accompanying
diagnoses and procedures and all filled outpatient
medication prescriptions.

The development of our study cohort has been
described previously.2? Briefly, we identified all
completed pregnancies in women and adolescents
12 to 55 years of age (hereafter, “women”) and
linked these pregnancies to liveborn infants. Us-
ing a validated algorithm,?* we estimated the date
of the last menstrual period on the basis of the
delivery date and diagnostic codes indicative of
preterm delivery. Finally, we required all the
women to be eligible for Medicaid, without
supplementary private insurance or restricted
benefits, from 3 months before the last men-
strual period through 1 month after delivery. We
excluded pregnancies in which the infant had
received a diagnosis of a chromosomal abnor-
mality (1609 pregnancies) and pregnancies in
which the mother had been treated with known
teratogens during the first trimester (i.e., lithium,
antineoplastic agents, retinoids, and thalidomide;
2476 pregnancies).

STUDY CONDUCT
The study was approved by the institutional re-
view board of Brigham and Women’s Hospital,
and the need for informed consent was waived.
The authors vouch for the accuracy and complete-
ness of the analyses reported as well as for the
fidelity of the report to the study protocol.

ANTIDEPRESSANT MEDICATIONS
The etiologically relevant window for exposure ex-
tended from the date of the last menstrual period
through day 90 of pregnancy (first trimester). We
determined maternal use of antidepressants by a
review of pharmacy dispensing records, using the
dispensing date and the number of days of sup-
ply. Women were considered to have had expo-
sure if the days of supply overlapped with the
first trimester. We defined the following expo-
sure categories: any SSRI, paroxetine, sertraline,
fluoxetine, tricyclic antidepressants, serotonin—
norepinephrine reuptake inhibitors (SNRIs), bu-
propion, and other antidepressants (Table S1 in
the Supplementary Appendix, available with the
full text of this article at NEJM.org). The refer-
ence group consisted of women without expo-
sure to antidepressants during the first trimester.
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CARDIAC MALFORMATIONS

Congenital cardiac malformations were identified
on the basis of the presence of inpatient or out-
patient diagnostic codes from the International
Classification of Diseases, Ninth Revision (ICD-9), in the
maternal or infant records during the first 90 days
after delivery. We used both maternal and infant
codes because an infant’s claims may be recorded
under the mother’s identification number for the
first several months after birth.2* On the basis of
previously reported associations,'31*° outcomes
were grouped in the following categories: any car-
diac malformation, right ventricular outflow tract
obstruction, ventricular septal defect, and other
cardiac malformation (Table S2 in the Supple-
mentary Appendix). We excluded anomalies re-
lated to prematurity (e.g., patent ductus arterio-
sus, pulmonary-valve stenosis, and anomalies of
the pulmonary artery in preterm infants).?> A given
outcome was considered to be present if there
was more than one date with the respective diag-
nostic codes recorded or if there was one diagnos-
tic code and a code for a cardiac procedure or sur-
gery (Table S3 in the Supplementary Appendix).
The positive predictive values for these outcome
definitions did not differ substantially according
to exposure and ranged from 66.7 to 79.5% in a
conservative validation study that was based on
review of primary medical records in a subset of
cases.?®

COVARIATES
The information on covariates that were being
taken into consideration in the adjustment for con-
founding or that were being used for stratification
was obtained during the baseline period (from the
time before the last menstrual period through the
end of the first trimester). In addition to sociodemo-
graphic information (year of delivery, state of resi-
dence, age, race, and parity), we considered known
or suspected risk factors for congenital cardiac
malformations and proxies for such risk factors:
multiple gestation, chronic maternal illness (hy-
pertension, diabetes, epilepsy, and renal disease),
use of suspected teratogenic medications, use of
other psychotropic medications (anticonvulsant,
antipsychotic, anxiolytic, and hypnotic agents; other
benzodiazepines; and barbiturates), use of anti-
diabetic and antihypertensive medications, and
the number of distinct prescription drugs used,
excluding antidepressants, as a general marker of
coexisting conditions.?” To address confounding

by the underlying indication, we considered prox-
ies for depression severity (number of depression
diagnoses received as an outpatient and as an in-
patient) and other indications for antidepressant
use (other mental health disorders, pain-related
diagnoses, sleep disorders, the premenstrual ten-
sion syndrome, smoking, and the chronic fatigue
syndrome).

STATISTICAL ANALYSIS
We compared the distributions of sociodemo-
graphic, clinical, and health care utilization char-
acteristics among the various exposure groups,
and we calculated the absolute risks of cardiac
malformations. Logistic-regression analysis was
used to estimate odds ratios for cardiac malfor-
mations and their corresponding 95% confi-
dence intervals. Because the odds ratio is an ex-
cellent approximation of the risk ratio in the case
of rare outcomes, the results are referred to as
relative risks.2® Use of the robust variance esti-
mator to account for correlations within women
with multiple pregnancies did not change the
confidence intervals appreciably, so correlation
structures were omitted from all the analyses.

Results are presented for analyses performed
according to three levels of adjustment: an un-
adjusted analysis; an analysis restricted to women
with a depression diagnosis, to control for the
potential effect of the underlying illness or factors
associated with it; and an analysis restricted to
women with a depression diagnosis and performed
with the use of propensity-score stratification to
further control for proxies of depression sever-
ity and other potential confounders.?® Propensity
scores were derived from the predicted probability
of treatment estimated in a logistic-regression
model that contained all the covariates listed
above without additional variable selection. We
created 100 equally sized propensity-score strata,
dropped uninformative strata (i.e., all strata that
did not contain at least one treated woman and
one untreated woman), and stratified the outcome
models according to these propensity-score strata.
In all cases, less than 0.5% of treated women
and less than 0.1% of untreated women were in-
cluded in the dropped strata.

In confirmatory analyses, we used a high-
dimensional propensity-score algorithm, which
evaluates thousands of diagnoses, procedures, and
pharmacy-claim codes to identify and prioritize
covariates that serve as proxies for unmeasured
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confounders. A total of 200 empirically identi-
fied confounders were selected and were com-
bined with investigator-identified covariates to
improve adjustment for confounding.?® No ad-
justments were made for multiple comparisons.

We performed prespecified subgroup and sen-
sitivity analyses to evaluate the robustness of the
primary results (for any cardiac malformation).
Because the cohort we studied was younger and
more racially diverse than cohorts in previous
studies,3'* we tested for effect modification ac-
cording to age (<30 years vs. 230 years) and race
or ethnic group (white vs. nonwhite). We con-
ducted dose—response analyses for low, medium,
and high doses of antidepressants using the first
and highest doses dispensed (Table S4 in the
Supplementary Appendix).>! In the analysis of
SSRIs, we stratified the analysis according to the
use of just that drug class versus the use of mul-
tiple antidepressant classes.

To evaluate the effect of potential misclassifi-
cation of exposure, we redefined exposure status
as having had one or more prescriptions filled
during the first trimester (as compared with days
of supply that overlap with the first trimester);
we redefined the reference group as women with
no antidepressant exposure throughout pregnancy.
To evaluate the effect of potential misclassification
of outcome, we restricted the outcome to inpatient
diagnoses only and extended infant follow-up to
1 year. We corrected odds ratios for outcome mis-
classification using sensitivities and specificities
consistent with the positive predictive values es-
timated in the internal validation study.2®32 To
further assess whether outcomes were well cap-
tured, we evaluated some well-known associa-
tions in our data set — in particular, associations
between cardiac malformations and maternal dia-
betes, use of an anticonvulsant agent, or multifetal
pregnancy.>?

RESULTS

CHARACTERISTICS OF THE STUDY COHORT
We identified 949,504 eligible pregnancies. Women
could have contributed more than 1 pregnancy to
the cohort. During the first trimester, 64,389 wom-
en (6.8%) used an antidepressant: 46,144 women
(4.9%) were exposed to an SSRI, 5954 (0.6%) to a
tricyclic antidepressant, 6904 (0.7%) to an SNRI,
8856 (0.9%) to bupropion, and 7055 (0.7%) to other

antidepressants. Among the SSRIs, sertraline was
used most frequently (in 14,040 women), followed
by paroxetine (in 11,126) and fluoxetine (in 11,048).

As compared with women who took no anti-
depressant, women who filled a prescription for
an antidepressant were older, had greater health
care utilization, and were more likely to be white,
to use other psychotropic medications, to have a
chronic illness (in particular, hypertension or
diabetes), and to use suspected teratogenic
medications (Table 1). Baseline characteristics
were more homogeneous in analyses comparing
users of various antidepressant classes than in
analyses comparing users of antidepressants with
nonusers (Tables S5 through S13 in the Supple-
mentary Appendix).

RISK OF CARDIAC MALFORMATION
Overall, cardiac malformations were diagnosed
in 6403 infants who were not exposed to an anti-
depressant during the first trimester (72.3 cardiac
malformations per 10,000 infants), as compared
with 580 infants who were exposed (90.1 cardiac
malformations per 10,000 infants). This higher un-
adjusted risk among exposed infants was observed
for each of the specific types of malformations
considered (Table 2).

In unadjusted analyses, the relative risk of any
cardiac malformation was 1.25 with SSRIs (95%
confidence interval [CI], 1.13 to 1.38), 0.98 with
tricyclic antidepressants (95% CI, 0.72 to 1.32),
1.51 with SNRIs (95% CI, 1.20 to 1.90), 1.19 with
bupropion (95% CI, 0.95 to 1.49), and 1.46 with
other antidepressants (95% CI, 1.16 to 1.83) (Fig. 1).
Increased risks were observed for all three sub-
types of cardiac malformation in most exposure
groups (Fig. 2).

Restricting the cohort to women with a di-
agnosis of depression markedly attenuated the
associations (Fig. 1 and 2). The C-statistic for
the propensity-score models ranged from 0.84
to 0.91, indicating that substantial differences
in the characteristics of the patients remained
after the cohort was restricted to women with
depression. Stratification according to the pro-
pensity score ensured that comparisons were
made between groups with nearly identical char-
acteristics (Table 1, and Tables S5 through S$13 in
the Supplementary Appendix).

Adjustment for the propensity score further
attenuated the remaining positive associations.
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Table 1. Selected Cohort Characteristics of Women with Exposure to an SSRI during the First Trimester and Women
without Exposure to an Antidepressant.*
Characteristic Overall Cohort Depression-Restricted Cohorty
SSRI No Exposure SSRI No Exposure
(N=46,144)  (N=885,115) (N=36,778) (N=180,564)
Age —yr 25.6+5.9 23.9+5.8 25.5+6.0 25.3+£53.1
Race or ethnic group — no. (%)
White 34,008 (73.9) 339,144 (38.3) 27,299 (74.2) 136,506 (75.6)
Black 5438 (11.8) 313,369 (35.4) 4,193 (11.4) 19,380 (10.7)
Hispanic 4,145 (9.0) 164,317 (18.6) 3,261 (8.9) 15,017 (8.3)
Other or unknown 2,463 (5.3) 68,285 (7.7) 2,025 (5.5) 9,661 (5.4)
Preterm birth — no. (%)§ 6,470 (14.0) 98,886 (11.2) 5,250 (14.3) 25,299 (14.0)
Diabetes — no. (%) 1,288 (2.8) 10,628 (1.2) 997 (2.7) 4,957 (2.7)
Use of antidiabetic agent — no. (%) 1,682 (3.6) 15,364 (1.7) 1,303 (3.5) 6,449 (3.6)
Depression — no. (%) 36,783 (79.7) 180,564 (20.4) 36,778 (100.0) 180,564 (100.0)
No. of diagnoses of depression|
As an outpatient 2.8+6.5 0.2+2.0 3.5¢7.1 3.31£20.3
As an inpatient 0.1+0.3 0.0+0.1 0.1+0.3 0.1+1.0
Use of other psychotropic medication
— no. (%)
Anticonvulsant agent 7,353 (15.9) 31,681 (3.6) 6,654 (18.1) 33,599 (18.6)
Antipsychotic agent 9,534 (20.7) 48,657 (5.5) 8,621 (23.4) 42,987 (23.8)
Anxiolytic agent 3,148 (6.8) 8,189 (0.9) 2,895 (7.9) 14,320 (7.9)
Benzodiazepine 14,560 (31.6) 49,063 (5.5) 12,856 (35.0) 63,100 (34.9)
Other hypnotic agent 13,277 (28.8) 115,608 (13.1) 11,540 (31.4) 56,323 (31.2)
Barbiturate 3,764 (8.2) 26,030 (2.9) 3,097 (8.4) 15,756 (8.7)
Use of suspected teratogen — no. (%) | 3,508 (7.6) 26,967 (3.0) 2,806 (7.6) 14,345 (7.9)

* Plus—minus values are means +SD. Data are from the Medicaid Analytic eXtract for the period 2000 through 2007. SSRI
denotes selective serotonin-reuptake inhibitor.

T To account for propensity-score strata, the observations of untreated women were weighted according to the distribu-
tion of the treated women among the propensity-score strata. One uninformative stratum (containing five women with
exposure to an SSRI) was dropped in the propensity-score-stratified analysis.

i Race or ethnic group was determined on the basis of information submitted to the Centers for Medicare and Medicaid
Services by individual states, which was based on information that had been collected and coded from Medicaid appli-
cations.

§ Data on preterm birth were related to the current pregnancy.

9§ The numbers of outpatient and inpatient diagnoses of depression were used as proxies for the severity of depression.

| Pregnant women with exposure to known teratogens were excluded from the cohort, although those with exposure to
suspected teratogens were included. Suspected teratogens included angiotensin-converting—enzyme inhibitors, flucon-
azole, aminoglycosides, folic acid antagonists, methimazole, potassium iodide, tetracycline, danazol, misoprostol,
statins, warfarin, and propylthiouracil.

The propensity-score—adjusted relative risk of
any cardiac malformation was 1.06 among
women with exposure to SSRIs (95% CI, 0.93 to
1.22), 0.77 among those with exposure to tricy-
clic antidepressants (95% CI, 0.52 to 1.14), 1.20
among those with exposure to SNRIs (95% CI,
0.91 to 1.57), 0.92 among those with exposure

to bupropion (95% CI, 0.69 to 1.22), and 1.21
among those with exposure to other antide-
pressants (95% CI, 0.91 to 1.60) (Fig. 1 and 2).
We found no significant associations between
paroxetine and right ventricular outflow tract
obstruction (1.07; 95% CI, 0.59 to 1.93) or be-
tween sertraline and ventricular septal defect
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Exposure Group

No exposure

SSRI
Paroxetine
Sertraline

Fluoxetine

SNRI

Bupropion

Any antidepressant

Tricyclic antidepressant

Other antidepressant

Table 2. Absolute Risk of Congenital Cardiac Malformations among Infants Born to Mothers with Antidepressant Exposure and Infants Born
to Mothers without Exposure, According to Antidepressant Category in the Overall Cohort.*
Total Right Ventricular
No. of Any Cardiac Outflow Tract Ventricular Septal Other Cardiac
Women Malformation Obstruction Defect Malformation
Events Risk Events Risk Events Risk Events Risk
no. of no. of no. of no. of
affected  no./10,000  affected  no./10,000  affected  no./10,000  affected  no./10,000
infants infants infants infants infants infants infants infants
885,115 6403 723 1045 11.8 3212 36.3 3232 36.5
64,389 580 90.1 84 13.0 286 44.4 318 49.4
46,144 416 90.2 61 13.2 201 43.6 226 49.0
11,126 93 83.6 16 14.4 44 39.5 48 43.1
14,040 129 91.9 17 12.1 63 449 71 50.6
11,048 99 89.6 16 145 48 43.4 55 49.8
5,954 42 70.5 8 13.4 24 40.3 18 30.2
6,904 75 108.6 12 17.4 39 56.5 38 55.0
8,856 76 85.8 11 12.4 39 44.0 49 55.3
7,055 74 104.9 8 11.3 31 43.9 46 65.2

* Data are from the Medicaid Analytic eXtract for the period 2000 through 2007. Infants could have had more than one cardiac malformation.
SNRI denotes serotonin—norepinephrine reuptake inhibitor.
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(1.04; 95% CI, 0.76 to 1.41). Analyses that used
high-dimensional propensity scores yielded es-
sentially the same results (Table S15 in the Sup-
plementary Appendix).

SUBGROUP AND SENSITIVITY ANALYSES
There was no evidence of effect modification ac-
cording to age or race (Table S16 in the Supple-
mentary Appendix). We did not observe a dose—
response relationship either with respect to the
first dose or with respect to the highest dose
dispensed (Table S17 in the Supplementary Ap-
pendix). The relative risk of cardiac malforma-
tions associated with the use of SSRIs was simi-
lar among users of antidepressant monotherapy
(relative risk, 1.04; 95% CI, 0.90 to 1.21) and
users of polytherapy (relative risk, 1.17; 95% CI,
0.90 to 1.53). The overall findings were not qual-
itatively affected when we varied the exposure
and outcome definitions (Tables S18 and S19 in
the Supplementary Appendix). The shift in effect
estimates resulting from correction for predicted
outcome misclassification ranged from 1.3 to 9.6%
(Table S20 in the Supplementary Appendix). We
replicated the well-known associations between
cardiac malformations and maternal diabetes
(relative risk, 3.7; 95% CI, 3.4 to 4.0), use of an

N ENGL ) MED 370;25

anticonvulsant agent (relative risk, 1.6; 95% CI,
1.3 to 1.8), and multifetal pregnancy (relative risk,
2.9; 95% CI, 2.8 to 3.1).

DISCUSSION

In this cohort of 949,504 pregnant women in the
Medicaid program, after adjustment for depres-
sion and other potential confounding factors, we
found no significant increase in the risk of car-
diac malformations among infants born to women
who took antidepressants during the first trimes-
ter, as compared with infants born to women who
did not have exposure to these agents. Further-
more, no significantly increased risks were ob-
served with respect to specific cardiac defects
previously hypothesized to be associated with
such drug use, specific antidepressant medica-
tion classes, or the most commonly used SSRIs.

Our results do not support earlier findings of
an association between antidepressant use and
cardiac anomalies, in particular findings with re-
spect to the use of paroxetine and sertraline.3:*41°
In contrast to analyses in earlier studies, our ad-
justed analyses restricted the cohort to women
with a recorded diagnosis of depression in order
to mitigate potential confounding by the under-
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lying psychiatric illness and associated conditions
and behaviors, factors that might increase the risk
of structural cardiac malformations by means of
several mechanisms. Smoking, alcohol and drug
use, poor maternal diet, obesity, and chronic
conditions such as diabetes and hypertension
are all more common in patients with depres-
sion than in those without depression and are

potential risk factors for congenital cardiac
anomalies.3*

In addition, women with depression and anxi-
ety utilize more health care resources, including
ultrasonography, amniocentesis, and echocardiog-
raphy of the infant, than do their healthy counter-
parts.353° Hence, there is a higher chance that a
cardiac malformation might be detected in an in-

A Unadjusted Analysis
Exposure Group

Odds Ratio (95% CI)

Any antidepressant E — 1.25 (1.15-1.36)
SSRI ! —— 1.25 (1.13-1.38)
Paroxetine —_ 1.16 (0.94-1.42)
Sertraline , —— 1.27 (1.07-1.52)
Fluoxetine ————— 1.24 (1.02-1.52)
Tricyclic antidepressant @ 0.98 (0.72-1.32)
SNRI —_— 1.51 (1.20-1.90)
Bupropion —_ 1.19 (0.95-1.49)
Other —_— 1.46 (1.16-1.83)
05 06 07 08 10 12 15 20

B Depression-Restricted Analysis
Exposure Group

Any antidepressant E—.— 1.12 (1.01-1.25)
SSRI —— 1.12 (1.00-1.26)
Paroxetine o1 0.98 (0.77-1.24)
Sertraline —_ 1.16 (0.95-1.41)
Fluoxetine —_— 1.17 (0.94-1.46)
Tricyclic antidepressant r 0.98 (0.67-1.43)
SNRI ° 1.39 (1.09-1.77)
Bupropion ‘e 1.03 (0.79-1.34)
Other o 1.28 (1.00-1.65)
0{5 0?6 Of7 0?8 1{0 1I2 1?5 2I0

Exposure Group

C Depression-Restricted Analysis with Propensity-Score Stratification

0Odds Ratio (95% Cl)

Any antidepressant —i.— 1.02 (0.90-1.15)
SSRI T — 1.06 (0.93-1.22)
Paroxetine o— 0.94 (0.73-1.21)
Sertraline —_— 1.09 (0.88-1.34)
Fluoxetine —0 1.14 (0.90-1.44)
Tricyclic antidepressant ® : 0.77 (0.52-1.14)
SNRI ° 1.20 (0.91-1.57)
Bupropion *— 0.92 (0.69-1.22)
Other o 1.21 (0.91-1.60)
0{5 016 Of7 0?8 1{0 1I2 1?5 2I0

Figure 1. Risk of Cardiac Malformation in Infants, According to Maternal Exposure to Antidepressants.

Odds ratios and 95% confidence intervals are presented to show the risk of any cardiac malformation among infants
born to women with exposure to antidepressants during the first trimester, as compared with the risk among infants
born to women without such exposure. Panel A shows the unadjusted analysis, Panel B the analysis restricted to women
with depression, and Panel C the analysis, restricted to women with depression, that used propensity-score stratifi-
cation in order to adjust for confounders. Data are from the Medicaid Analytic eXtract for the period 2000 through
2007. SNRI denotes serotonin—norepinephrine reuptake inhibitor, and SSRI selective serotonin-reuptake inhibitor.
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fant that might otherwise have been undetected
clinically, particularly milder defects such as mus-
cular ventricular septal defects, which often close
during early childhood. In addition to restricting
the analyses to women with a diagnosis of depres-
sion, we adjusted for a large set of prespecified and
empirical potential confounding variables through
the use of propensity scores. Although this ap-
proach cannot eliminate all potential confound-
ing, it resulted in exposure groups with virtually
identical measured characteristics and tended to
move the risk estimates further downward.

Our crude associations were weaker than
those that have been reported in some prior
studies. A potential concern is the misclassifica-
tion of the exposure or the outcome, since non-
differential misclassification will tend to bias
results toward the null.2®8 Documentation that a
prescription was filled does not guarantee that
the medication was actually taken as prescribed.
However, secondary analyses in which we re-
quired women to have filled or refilled a pre-
scription during the first trimester did not sub-
stantially alter the findings, although the
estimates were less precise owing to the reduced
cohort size.

We used validated definitions for outcomes
that were based on ICD-9 coding, but a non-
trivial proportion of cases were not confirmed
on record review. However, an analysis that cor-
rected the relative risk with the use of conser-
vative estimates for the positive predictive val-
ues yielded similar results. Finally, the strength
of the associations between some well-known
risk factors (diabetes, use of an anticonvulsant
agent, and multifetal pregnancy) and cardiac
malformations that were estimated in our data
set were consistent with prior reports, support-
ing the premise that the outcomes of interest
were well captured in our study.

A strength of our study was our use of the
Medicaid Analytic eXtract, which provided a
very large population-based cohort, objective
assessment of drug exposure, linkable clinical
information, access to medical records, and
availability of information on multiple preg-
nancy outcomes and on a wide range of poten-
tial confounders. However, our study also had
some important limitations. First, the cohort
included live births only. Severe cardiac mal-
formations that resulted in spontaneous abor-
tion, stillbirth, or termination of the pregnancy

N ENGLJ MED 370;25

would therefore have been missed. Although
this restriction could result in a bias that would
underestimate the strength of the associations,
our study shares this limitation with the stud-
ies that identified the potential associations, so
this factor cannot explain the discrepant find-
ings. Moreover, differences in the proportion
of terminations among women with depression
treated with antidepressants versus those who
were not treated within the levels of covariates
used in the adjustment would have to be great-
er than seems plausible in order to fully ac-
count for our findings (see the Supplementary
Appendix).

Second, there was the potential for mis-
classification. Information on lifestyle factors
contained in the administrative data was in-
complete (e.g., smoking, obesity, and alcohol
and drug abuse or dependence) or absent (e.g.,
body-mass index), as was information on the
severity of the underlying condition (we used
only proxies). However, residual confounding
by such factors would be unlikely to explain the
null findings; data from the National Health
and Nutrition Examination Survey indicate, for
example, that women of childbearing age who
use antidepressants are more likely to smoke
and to be obese than those who do not use
these medications, with similar distributions
for different antidepressants.3?

Medicaid covers the medical expenses for
more than 40% of births in the United States.3®
Medicaid-eligible pregnant women are a young,
racially diverse, vulnerable population that is
traditionally understudied. However, we found
no evidence of effect modification according to
sociodemographic characteristics. Therefore,
unless there are other factors distinguishing
our study cohort from other populations of
pregnant women that affect the biologic rela-
tions under study, our results should be gener-
alizable to other populations.?®

In making decisions about whether to con-
tinue or discontinue treatment with antidepres-
sants during pregnancy, clinicians and women
must balance the potential risks of treatment
with the risks of not treating severe depres-
sion.?® In conclusion, our results suggest that
the use of antidepressants during the first tri-
mester does not substantively increase the risk
of specific cardiac defects. The accumulated
evidence implies low absolute risks and argues
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against important cardiac teratogenic effects
associated with the most commonly used anti-

depressant medications.
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