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ABSTRACT

BACKGROUND

Information regarding the safety of selective serotonin-reuptake inhibitors (SSRIs)
in human pregnancy is sparse. Concern has been raised about the risk of congeni-
tal heart defects associated with the use of SSRIs in pregnancy.

METHODS

We obtained data on 9622 case infants with major birth defects and 4092 control
infants born from 1997 through 2002 from the National Birth Defects Prevention
Study. Case infants were ascertained through birth-defects surveillance systems in
eight U.S. states; controls were selected randomly from the same geographic areas.
Mothers completed a standardized telephone interview regarding exposure to po-
tential risk factors, including medications, before and during pregnancy. Exposure
to SSRIs was defined as treatment with any SSRI from 1 month before to 3 months
after conception. Birth defects were assigned to 26 categories and subcategories.

RESULTS

There were no significant associations between maternal use of SSRIs overall dur-
ing early pregnancy and congenital heart defects or most other categories or sub-
categories of birth defects. Maternal SSRI use was associated with anencephaly (214
infants, 9 exposed; adjusted odds ratio, 2.4; 95% confidence interval [CI], 1.1 to
5.1), craniosynostosis (432 infants, 24 exposed; adjusted odds ratio, 2.5; 95% CI, 1.5
to 4.0), and omphalocele (181 infants, 11 exposed; adjusted odds ratio, 2.8; 95% CI,
1.3 to 5.7).

CONCLUSIONS

Maternal use of SSRIs during early pregnancy was not associated with significantly
increased risks of congenital heart defects or of most other categories of birth defects.
Associations were observed between SSRI use and three types of birth defects, but
the absolute risks were small, and these observations require confirmation by other
studies.
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SSRIs AND RISK OF BIRTH DEFECTS

HE LIFETIME RISK OF MAJOR DEPRESSION
among women is 10 to 25%, with a peak
prevalence during childbearing years.? Se-
lective serotonin-reuptake inhibitors (SSRIs) are
the most frequently used class of antidepressant
medications in general® and during pregnancy.*
Data on the safety of SSRIs in human pregnancy
are limited, but recent investigations suggest that
maternal use of SSRIs during pregnancy may be
associated with birth defects in general>” or with
congenital heart defects in particular.>”8
We used data from the National Birth Defects
Prevention Study (NBDPS) to evaluate the relation-
ship between maternal SSRI use in early pregnancy
and the occurrence of selected birth defects.

METHODS

STUDY SUBJECTS AND DATA COLLECTION

The NBDPS is an ongoing, multisite, case—control
study of environmental and genetic risk factors for
more than 30 selected categories of major birth
defects. Case infants had received a diagnosis of at
least one selected birth defect and were ascertained
by population-based birth-defects surveillance sys-
tems at eight study sites (Arkansas, California,
Georgia, lowa, Massachusetts, New Jersey, New
York, and Texas).® We used data from infants who
were born on or after October 1, 1997, and who
had an estimated date of delivery on or before
December 31, 2002. Case infants were born alive
(all participating sites) or died at 20 weeks or
more of gestation (Arkansas, California, Georgia,
Iowa, Massachusetts, and Texas). Pregnancies with
reliably ascertained defects that were electively
terminated were also included in Arkansas, Cali-
fornia, Georgia, Iowa, and Texas. Infants with rec-
ognized or strongly suspected chromosomal ab-
normalities or single-gene conditions were excluded
from the study.

The controls were live-born infants with no
major birth defects who were randomly selected
from hospital or state birth-certificate records
from the same geographic areas. Only one case
or control infant was included from each multifetal
pregnancy.

Birth defects for which at least 200 case moth-
ers were interviewed were selected for the analysis.
This number was determined as that needed to
obtain 80% power with an odds ratio of 2.5, given
a 2.1% exposure rate to SSRIs among control

mothers. Information on the infants in each de-
fect category was reviewed by clinical geneticists
who were unaware of the infants’ exposure status,
who confirmed case eligibility and classified the
cases as isolated (no additional major unrelated
defect) or multiple (more than one major unrelated
birth defect).*® To reduce pathogenetic heteroge-
neity, cases with complex sequences (e.g., ompha-
locele—exstrophy—imperforate anus—spinal defects
phenotype)'* were excluded, and isolated defects
were analyzed separately. A total of 709 infants
who had more than one eligible birth defect were
included in multiple analyses. Each case of a car-
diac birth defect was reviewed by a team of experts
in pediatric cardiology and the epidemiology of
heart defects and was assigned to a single cardiac
diagnostic category.

Demographic information and information on
exposure to SSRIs and other potential risk factors
during pregnancy were collected by standardized
telephone interviews with mothers of case and
control infants conducted in English or Spanish
from 6 weeks to 2 years after the estimated date
of delivery.® Infants for whom complete maternal
interviews were unavailable were excluded. The
participation rates among case and control moth-
ers were 71.1% and 68.6%, respectively. The moth-
ers were asked whether they had taken any of three
specific SSRIs, identified by brand name — Prozac
(fluoxetine), Zoloft (sertraline), and Paxil (parox-
etine) — during and before pregnancy, and when
each medication was taken. They were also asked
about their use of other medications during this
period, which enabled us to analyze associations
with other SSRIs. Exposure was defined as reported
use of any SSRI from 1 month before to 3 months
after conception (the date of conception was calcu-
lated as 266 days before the estimated date of de-
livery). Women were considered unexposed if they
did not take an SSRI at any time during preg-
nancy or during the 3 months before conception.
Women who took non-SSRI antidepressants were
included in the unexposed group.

STATISTICAL ANALYSIS
Our hypothesis for this exploratory study was that
SSRI exposure early in pregnancy is associated with
one or more of the selected categories of birth de-
fects. Crude analyses were performed by Pearson’s
chi-square test, and odds ratios and (if the expected
number in a cell was less than five) Fisher’s exact
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confidence limits were calculated with SPSS soft-
ware, version 10.0, and with SABER, with the use
of the same control group for every comparison.

The following potential confounders were eval-
uated: maternal race or ethnic group (non-His-
panic white vs. other), maternal age (under 35
years of age vs. 35 or older), maternal education (12
years or less vs. more than 12 years), prepregnancy
obesity (body-mass index [the weight in kilograms
divided by the square of the height in meters]
<30 vs. 230), maternal smoking or alcohol use
from 1 month before to 3 months after concep-
tion, maternal folic acid use from 1 month before
to 1 month after conception, annual family income
(less than $20,000 vs. $20,000 or more), singleton
versus multiple pregnancy, parity (no previous live
births vs. one or more previous live births), and
presence or absence of prepregnancy hypertension.
Potential confounders were first evaluated for as-
sociations with SSRI exposure and with each of the
specific defects, and they were excluded from the
logistic regression if their removal resulted in a
change in risk estimate of less than 10%. All con-
founders retained in the model for any of the de-
fects were included in the final models for all de-
fects. Infants of mothers with prepregnancy type 1
or 2 diabetes were excluded from adjusted analyses
because of the strong association of diabetes with
birth defects.

For the defects with positive associations, we
performed post hoc analyses of SSRIs stratified
according to factors that were associated both with
maternal SSRI use and with the outcomes. These
factors were maternal race or ethnic group, age,
education, presence or absence of obesity, pres-
ence or absence of smoking, presence or absence
of hypertension, and singleton versus multiple
pregnancy. After identification of effect modifica-
tion by obesity for craniosynostosis, as indicated
by the Breslow—Day test, we further evaluated the
effect of obesity on all defects by performing
analyses with a four-level variable (obesity alone,
SSRI exposure alone, both SSRI exposure and
obesity, neither SSRI exposure nor obesity) by as-
ymptotic and Fisher’s exact logistic regression
with the use of LogXact software, version 4.0.2

We also performed crude and adjusted analyses
for isolated defects only and assessed the associa-
tions between four specific SSRIs (fluoxetine, ser-
traline, paroxetine, and citalopram [Celexa]) and
4 combined birth-defect categories and between
three specific SSRIs (fluoxetine, sertraline, and

paroxetine) and 16 categories of birth defects
when there were at least three exposed infants. Ad-
ditional analyses were performed assessing the
association between the use of any SSRI during
two other time intervals of pregnancy and 16 cat-
egories of birth defects. No adjustment was made
for the multiple comparisons performed.

RESULTS

Eighteen categories of birth defects and eight sub-
categories of cardiac birth defects met the criterion
of being represented by at least 200 interviews with
case mothers. Interviews were incomplete for 163
case or control mothers, and 5 mothers reported
depression but did not report use of antidepres-
sants. These subjects were excluded from the analy-
sis, leaving 9622 case and 4092 control infants.

Of the 13,714 case and control mothers includ-
ed, 408 (3.0%) reported using an SSRI at some
point before or during pregnancy. The reported
frequency of SSRI use in the period from 1 month
before to 3 months after conception was 2.3%; 230
mothers of case infants (2.4%) and 86 mothers of
control infants (2.1%) reported using an SSRI. The
SSRI most commonly used by control mothers was
sertraline (0.8%), followed by fluoxetine (0.7%),
paroxetine (0.5%), and citalopram (0.2%).

Table 1 gives the characteristics of the case and
control mothers and their reported use of SSRIs.
Control mothers were significantly more likely
than case mothers to be younger than 35 years of
age, to have more than 12 years of education, and
to have a higher family income. Case mothers were
more likely than control mothers to smoke, have
diabetes, have hypertension, and be obese.

For two defects, anotia or microtia and intesti-
nal atresia, there was only one exposed case, and
therefore these defects were excluded from further
individual analyses. Of the 16 remaining cate-
gories and 8 subcategories, 3 showed significant
associations with SSRI use: anencephaly (214 in-
fants, 9 exposed), craniosynostosis (432 infants,
24 exposed), and omphalocele (181 infants, 11
exposed) (Table 2). Confounders that met our
criteria were maternal race or ethnic group, ma-
ternal obesity, maternal smoking, and family in-
come, and these were included in the adjusted
analyses.

After post hoc analyses assessing potential ef-
fect modification by seven variables showed sig-
nificant effect modification by obesity for the as-
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sociation between SSRI use and craniosynostosis
(P=0.05, by the Breslow—Day test), we performed
additional exploratory analyses of effect modifi-
cation by obesity for all categories of defects
using a four-level variable (see Supplementary
Table 1, available with the full text of this article
at www.nejm.org). Among women who did not
use SSRIs, obese women were more likely than
nonobese women to have infants with conotrun-
cal heart defects (adjusted odds ratio, 1.3; 95%
confidence interval [CI], 1.0 to 1.6) and septal
heart defects (adjusted odds ratio, 1.3; 95% CI,
1.1 to 1.5). The associations were stronger among
women reporting SSRI use: for conotruncal heart
defects, the adjusted odds ratio was 3.5 and the
95% CI was 1.4 to 8.7; for septal heart defects,
the adjusted odds ratio was 2.8 and the 95% CI was
1.3 to 6.4. Among nonobese women, SSRI use was
associated with craniosynostosis (adjusted odds
ratio, 2.0; 95% CI, 1.1 to 3.7), but the risk was
greater among obese women who reported SSRI
use (adjusted odds ratio, 5.9; 95% CI, 2.4 to 14.3).

Restricting the analyses to infants with iso-
lated defects resulted in wider confidence inter-
vals and a loss of statistical significance, al-
though there were only slight reductions in the
odds ratios (see Supplementary Table 2). Re-
stricting the exposure period to the first 2 months
of pregnancy did not change the estimates ap-
preciably (data not shown). Since the critical pe-
riod for the development of craniosynostosis may
extend beyond the first trimester, we examined
SSRI use during the second and third trimesters
and found a lower odds ratio (17 exposed; ad-
justed odds ratio, 1.9; 95% CI, 1.0 to 3.5). Six-
teen of these women were also exposed to an
SSRI during the first trimester.

In additional post hoc analyses, we assessed
the associations between the use of four specific
SSRIs and the risks of all 18 evaluated birth de-
fects combined and of specific groups of birth
defects (Table 3). None of the individual SSRIs
were associated with significantly increased risks
of all 18 birth defects combined, the 4 cardiac
birth defects combined, or the 14 noncardiac
birth defects combined. The use of paroxetine or
citalopram significantly increased the risk of the
pooled group of anencephaly, craniosynostosis,
and omphalocele (Table 3).

We also assessed the association between the
three most commonly used SSRIs (fluoxetine,
sertraline, and paroxetine) and 16 specific cate-

gories of birth defects, but these analyses were
limited by the small numbers of exposed cases
for each category (see Supplementary Table 3).
We found one significant association each for
fluoxetine and sertraline: fluoxetine use was as-
sociated with craniosynostosis (10 exposed in-
fants; adjusted odds ratio, 2.8; 95% CI, 1.3 to 6.1)
and sertraline use with anencephaly (4 exposed
infants; adjusted odds ratio, 3.2; 95% CI, 1.1 to
9.3). We found four significant associations for
paroxetine: with anencephaly (five exposed in-
fants; adjusted odds ratio, 5.1; 95% CI, 1.7 to
15.3), right ventricular outflow tract obstruction
defects (seven exposed infants; adjusted odds ra-
tio, 2.5; 95% CI, 1.0 to 6.0), omphalocele (six ex-
posed infants; adjusted odds ratio, 8.1; 95% CI,
3.1 to 20.8), and gastroschisis (five exposed in-
fants; adjusted odds ratio, 2.9; 95% CI, 1.0 to 8.4).
None of the mothers of case infants with defects
found to be associated with SSRI use were con-
comitantly exposed to medications with a known
teratogenic effect.

DISCUSSION

Using data from a population-based case—control
study, we found no significant associations be-
tween the use of SSRIs in early pregnancy and
the risks of the majority of birth defects assessed
in this study, including congenital heart defects.
However, we observed associations between SSRI
use and the occurrence of anencephaly, cranio-
synostosis, and omphalocele, defects that had not
been previously associated with maternal SSRI
use in pregnancy.

Studies in animals have demonstrated delayed
ossification in offspring after maternal treatment
with sertraline.’>4 A specific role of serotonin
in cardiac and craniofacial morphogenesis in the
rodent embryo has also been established.s-*”
Several recent reports have suggested possible
associations between maternal use of paroxetine
during pregnancy and birth defects in humans.
A report from the Swedish Medical Birth Register
showed an increased risk of heart defects overall,
and of ventricular and atrial septal defects spe-
cifically, among infants whose mothers took
paroxetine (but not other SSRIs).'® That report
did not find the associations we observed between
SSRI use and craniosynostosis or abdominal wall
defects (omphalocele and gastroschisis were not
examined separately).

N ENGL J MED 356;26 WWW.NEJM.ORG JUNE 28, 2007

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

2687



2688

The NEW ENGLAND JOURNAL of MEDICINE

Table 1. Characteristics of Mothers of Case and Control Infants.*

Characteristic

Race or ethnic groupi:
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Age
<35yr
=35yr

Education
<12yr
>12yr

Prepregnancy BMI{
<18.5
18.5-24.9
25.0-29.9
=30.0

Cigarette smoking9|
0/day
1-14/day
15-24/day
=25/day

Annual family income
<$20,000
$20,000-$49,999
=$50,000

Prepregnancy type 1 or 2 diabetes
No
Yes

Prepregnancy hypertension
No
Yes

Alcohol useq|
No
Yes

Folic acid use|
No
Yes

Singleton vs. multiple pregnancy
Singleton
Multiple

Mothers of Case
Infants (N=9622)

Mothers of Control
Infants (N =4092)

no. /total no. (%)

5861/9603 (61.0)
978/9603 (10.2)
2238/9603 (23.3)
526/9603 (5.5)

8057/9622 (83.7)
1565/9622 (16.3)

4278/9613 (44.5)
5335/9613 (55.5)

565/9265 (6.1
497579265 (53
2058/9265 (22
1667/9265 (18

(6.1)
(53.7)
(22.2)
(18.0)
748879612
1721/9612
335/9612 (3
68/9612 (0

77.9)
17.9)

Sl =

3)
-7)
2923/8750 (33.4)

2845/8750 (32.5)
2982/8750 (34.1)

8691/8884 (97.8)
193/8884 (2.2)

8093/9479 (85.4)
1386/9479 (14.6)

5899/9622 (61.3)
37239622 (38.7)

4832/9622 (50.2)
4790/9622 (49.8)

8996/9606 (93.6)
610/9606 (6.4)

2454/4081 (60.1)
491/4081 (12.0)
931/4081 (22.8)
205/4081 (5.0)

3508/4092 (85.7)
5844092 (14.3)

17054084 (41.7)
2379/4084 (58.3)

233/3931
2253/3931 (57.3)
861/3931 (21.9)
584/3931 (14.9)

(5-9)
(
(
(

32944087 (80
646/4087 (15
126/4087

21/4087

(80.6)
(15.8)
3.1)
(0.5)
1115/3564 (31.3)

1167/3564 (32.7)
1282/3564 (36.0)

3833/3854 (99.5)
21/3854 (0.5)

3558/4086 (87.1)
528/4086 (12.9)

250174092 (61.1)
159174092 (38.9)

2056/4092 (50.2)
2036/4092 (49.8)

3957/4087 (96.8)
130/4087 (3.2)

P Value}

0.01

0.003

0.003

<0.001

0.005

0.05

<0.001

0.009

0.84

0.98

<0.001
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Table 1. (Continued.)
Mothers of Case Mothers of Control
Characteristic Infants (N =9622) Infants (N =4092) P Value}
no. /total no. (%)

Parity <0.001
0 Previous live births 4171/9619 (43.4) 1635/4090 (40.0)
=1 5448/9619 (56.6) 2455/4090 (60.0)

Exposure to SSRIs** 0.30
No 932079550 (97.6) 3979/4065 (97.9)
Yes 230/9550 (2.4) 86/4065 (2.1)

Exposure to non-SSRI antidepressants** 0.08
No 9229/9302 (99.2) 3954/3974 (99.5)
Yes 739302 (0.8) 20/3974 (0.5)

Time from expected due date to interview <0.001
<lyr 6127/9603 (63.8) 3216/4077 (78.9)
>1yr 3476/9603 (36.2) 861/4077 (21.1)

s

P values were calculated by Pearson’s chi-square test.
I Race or ethnic group was self-assessed.

= .

Data are taken from the National Birth Defects Prevention Study for the period from 1997 through 2002.

The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. BMI values of

less than 18.5, 18.5 to 24.9, 25.0 to 29.9, and 30 or more represent underweight, normal weight, overweight, and obe-

sity, respectively.

Smoking and alcohol use are reported for the period from 1 month before to 3 months after conception.

s

Folic acid use is reported for the period from 1 month before to 1 month after conception.
** Exposure was defined as reported use of any SSRI from 1 month before to 3 months after conception. Women were

considered not to have been exposed if they did not take an SSRI at any time during pregnancy or during the 3 months
before conception. Women who took non-SSRI antidepressants were included in the unexposed group.

An unpublished analysis of administrative rec-
ords from a managed care organization showed
an increased risk of major birth defects overall,
and of heart defects specifically, among infants
whose mothers received prescriptions for parox-
etine as compared with those whose mothers re-
ceived prescriptions for other antidepressants dur-
ing pregnancy.®> Similar results were shown in
another unpublished cohort study among women
treated with paroxetine during the first trimester as
compared with women who did not take SSRIs.*
A cohort study based on administrative data from
Quebec, Canada, showed that the risks of major
birth defects and of heart defects were greater
among infants whose mothers took high doses of
paroxetine during early pregnancy than among
those whose mothers took non-SSRI antidepres-
sants, but this association was not seen among
infants whose mothers took lower doses of parox-
etine.”

In a Finnish cohort study, the overall risk of
major malformations was not significantly in-
creased among infants born to women treated

with fluoxetine during the first trimester, but an
increase in the risk of heart defects by a factor
of three was noted.2° A Danish cohort study
showed an increased risk of congenital malforma-
tions in general among women given prescriptions
for any SSRI.° Other epidemiologic studies have
not shown a significant association between ma-
jor birth defects and maternal SSRI use during
pregnancy.2-2> However, all previous studies have
had limitations, such as insufficient power, issues
with ascertainment or classification of birth de-
fects, inability to address potential confounding,
or poor information on exposure.

Some, but not all, of our findings are consistent
with those of another large case—control study
in this issue of the Journal.2 Like our report, that
study showed no significant associations between
SSRI use overall and congenital heart defects. It did
show significant associations between paroxetine
use and right ventricular outflow tract obstruction
defects (six infants; adjusted odds ratio, 3.3; 95%
CI, 1.3 to 8.8) and neural-tube defects (four in-
fants; adjusted odds ratio, 3.3; 95% CI, 1.1 to 10.4;
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Table 2. Associations between Maternal Use of Any SSRI and Major Birth Defects.*

No. of

Birth Defect Infants
No major defects (control infants) 4092
Anencephaly 214
Spina bifida 457
Anotia or microtia 253
Conotruncal heart defects 977
Transposition of the great arteries 309
Tetralogy of Fallot 428
Septal heart defects 1931
Perimembranous ventricular septal defect 797
Atrial septal defect — ostium secundum 768

Atrial septal defect — not otherwise specified 252

Right ventricular outflow tract obstruction defects 669

Pulmonary-valve stenosis 480
Left ventricular outflow tract obstruction defects 691

Hypoplastic left heart 218

Coarctation of aorta 358
Cleft lip with or without cleft palate 1127
Cleft palate alone 620
Esophageal atresia 300
Intestinal atresia 262
Anorectal atresia 418
Hypospadias, 2nd or 3rd degree 823
Transverse limb deficiencies 346
Craniosynostosis 432
Omphalocele 181
Diaphragmatic hernia 297
Gastroschisis 413

Ex:l:s'ed Crude Analysis Adjusted AnalysisT
Odds Ratio Odds Ratio
(95% ClI) (95% CI) P Value
83
9 2.0 (1.0-4.3) 2.4 (1.1-5.1) 0.02
7 0.7 (0.3-1.6) 0.7 (0.3-1.7) 0.47
1
25 .3 (0.8-2.1) .3 (0.8-2.1) 0.19
9 4(0.7-3.0) 4(0.7-3.0) 0.27
10 .2 (0.6-2.3) .2 (0.6-2.5) 0.47
43 1(0.7-1.7) 1(0.7-1.6) 0.51
18 1(0.6-1.9) 2(0.7-1.9) 0.57
17 .1 (0.6-1.9) .1(0.6-1.8) 0.76
5 .0 (0.3-2.4) .0 (0.4-2.5) 0.99
16 .2 (0.7-2.0) .3 (0.7-2.2) 0.38
12 .3 (0.6-2.3) .3 (0.7-2.4) 0.38
14 1.0 (0.5-1.8) 9 (0.5-1.7) 0.82
3 0.6 (0.2-2.2) .6 (0.2-2.1) 0.50
7 .0 (0.3-2.1) .8 (0.3-2.0) 0.74
22 0 (0.6-1.6) 8 (0.5-1.4) 0.63
11 .9 (0.4-1.7) .8 (0.4-1.5) 0.56
9 .5 (0.7-3.0) .3 (0.6-2.7) 0.48
1
8 0 (0.4-2.0) 7 (0.3-1.8) 0.53
14 8 (0.4-1.5) 7 (0.4-1.4) 0.32
8 1(0.5-2.4) 2 (0.6-2.6) 0.55
24 2.8 (1.7-4.5) 2.5 (1.5-4.0) <0.001
11 2 (1.6-6.1) 8 (1.3-5.7) 0.005
10 7 (0.8-3.3) 6 (0.8-3.3) 0.18
11 3 (0.7-2.5) 3 (0.6-2.6) 0.42

3

SSRI use is reported for the period from 1 month before to 3 months after conception. Eighteen categories of birth de-

fects and eight subcategories of cardiac birth defects are listed. Analyses were performed for categories for which there
were at least three exposed infants. Data are taken from the National Birth Defects Prevention Study for the period from
1997 through 2002. SSRI denotes selective serotonin-reuptake inhibitor, and Cl confidence interval.

Odds ratios are adjusted for maternal race or ethnic group, presence or absence of maternal obesity, presence or absence of

maternal smoking, and family income. Infants whose mothers had prepregnancy type 1 or 2 diabetes mellitus are excluded.

anencephaly and spina bifida were not examined
separately). However, that report found no sig-
nificant association between craniosynostosis
and SSRI use, and for omphalocele it found a
significant association only with sertraline.

Our study is population-based and includes a
large birth sample, allowing the evaluation of the
relationship between SSRI use and specific types

of birth defects. The study also uses careful case
definitions and review and excludes infants with
chromosomal abnormalities and single-gene dis-
orders. Although the large size of our study over-
all allowed for consideration of several potential
confounders and effect modifiers, the small num-
ber of exposed infants for each individual defect
remains a limitation.
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Table 3. Associations between Maternal Use of Specific SSRIs and Pooled Birth-Defect Categories.*

Category Fluoxetine
Adjusted
No.  Odds Ratio
Exposed  (95% Cl)
No major defects (control infants) 29
18 Birth defects pooled 76 1.1(0.7-1.7)
4 Cardiac birth defects 33 1.2 (0.7-2.1)
14 Noncardiac birth defects:: 47  1.1(0.7-1.7)
3 Birth defects previously identified 13 1.9 (1.0-4.0)
as associated with SSRI usef

Sertraline Paroxetine Citalopram
Adjusted Adjusted Adjusted
No. Odds Ratio No. Odds Ratio No. Odds Ratio
Exposed  (95% Cl) Exposed  (95% Cl) Exposed  (95% Cl)
32 18 7
68 0.9 (0.6-1.4) 70 1.6 (0.9-2.7) 22 1.2(0.5-2.8)
22 0.7(04-13) 32 1.7(0.9-3.1) 11 1.5(0.640)
51 1.0 (0.6-1.6) 42 15(0.9-2.7) 12 1.0(0.4-2.5)
13 2.0 (1.0-3.9) 16 4.2 (2.1-8.5) 6 4.0 (1.3-11.9)

* Data are taken from the National Birth Defects Prevention Study for the period from 1997 through 2002. Odds ratios are adjusted for mater-
nal race or ethnic group, presence or absence of maternal obesity, presence or absence of maternal smoking, and family income. Infants
whose mothers had prepregnancy type 1 or 2 diabetes are excluded. Cases with at least one cardiac birth defect and at least one noncardiac
birth defect have been included in both categories. SSRI denotes selective serotonin-reuptake inhibitor, and CI confidence interval.

7 The four cardiac birth defects are conotruncal, septal, right ventricular outflow tract obstruction, and left ventricular outflow tract obstruc-

tion defects.

i The 14 noncardiac birth defects are anencephaly, spina bifida, anotia or microtia, cleft lip with or without cleft palate, cleft palate alone,
esophageal atresia, intestinal atresia, anorectal atresia, second or third degree hypospadias, transverse limb deficiencies, craniosynostosis,

omphalocele, diaphragmatic hernia, and gastroschisis.

§ These three birth defects are anencephaly, craniosynostosis, and omphalocele.

Because of the large number of comparisons
evaluated in our analysis, it is likely that some of
the observed associations reflect chance varia-
tion. We performed a total of 265 tests, with 54
positive results at the 0.05 significance level; we
would have expected 14 positive results to occur
by chance. Not all positive tests are reported,
and it is not possible to identify which, if any, of
the observed associations are due to chance alone.
Analyses of other data sets are warranted to
replicate our findings.

The effect modification by prepregnancy obe-
sity that we observed post hoc for the association
between SSRI use and the occurrence of some
birth defects has not, to our knowledge, been
reported previously, and confirmation is needed.
However, maternal obesity itself has been asso-
ciated with increased risks of neural-tube de-
fects,?”28 congenital heart defects,?”2° and other
defects.?”3° The effect modification we observed
may reflect differences in the pharmacokinetics
of these lipophilic drugs in women with various
percentages of body fat.3!

An important limitation of this study is our
inability to separate the effect of maternal SSRI
use from that of the underlying depression. Only
39 case or control mothers reported having had
depression when asked a general question about
illnesses during pregnancy. All but five of these
women reported taking an antidepressant medi-

cation before or during pregnancy. Data on dos-
age were unavailable, so that analysis of dose—
response relationships could not be performed.
When they were questioned about the use of medi-
cations, the mothers were prompted by brand
names for the three most commonly used SSRIs,
leading to potential underreporting of other SSRIs.
Exposures were determined by maternal report,
which introduces a potential for recall bias. Se-
lection bias may have occurred, because partici-
pation was less than 100%; however, it is un-
likely that participation varied according to SSRI
exposure status, and therefore any selection bias
was probably in favor of the null hypothesis.

Our study did not show an increased risk of
most birth defects, and SSRI exposure was pres-
ent in only a small number of cases of certain de-
fects. The absolute risks associated with SSRIs
appear small in comparison with the baseline
risks of birth defects that exist in every pregnancy.
Maternal stress and depression during pregnancy
have been associated with adverse reproductive
outcomes,3?33 and discontinuation of antide-
pressant treatment in pregnant women with se-
rious depressive illness may have adverse effects
on the mother and her baby.?* Thorough assess-
ment of the potential risks and benefits of SSRI
use is necessary to allow women of reproduc-
tive age to make informed decisions about such
therapy.
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