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Objective: This study evaluated the effects
of prenatal antidepressant exposure on
perinatal outcomes, congenital malforma-
tions, and early growth and development.

Method: Within a group-model health
maintenance organization, all infants
with apparent prenatal exposure to tricyc-
lic or selective serotonin reuptake inhibi-
tor (SSRI) antidepressants were frequency
matched to an unexposed comparison
group by year of birth, maternal age, and
mother’s lifetime use of antidepressant
drugs and mental health care. A struc-
tured blind review of mothers’ and in-
fants’ medical records examined perina-
tal outcomes, congenital malformations,
and developmental delay.

Results: Tricyclic antidepressant exposure
was not associated with any significant dif-
ference in perinatal outcomes. Exposure to
SSRIs was associated with a 0.9-week de-
crease in mean gestational age, a 175-g de-
crease in mean birth weight, and a 0.29 de-

crease in mean Apgar score at 5 minutes,
but differences in birth weights and Apgar
scores were not significant after adjust-
ment for gestational age. Differences in
gestational age and birth weights were un-
related to length of exposure, but differ-
ences in Apgar scores were limited to those
with third-trimester exposure. Neither tri-
cyclic antidepressant nor SSRI exposure
was significantly associated with congenital
malformations or developmental delay.

Conclusions: The authors found no as-
sociation between tricyclic antidepressant
or SSRI exposure and either congenital
malformations or developmental delay.
SSRI exposure during pregnancy was asso-
ciated with earlier delivery and conse-
quent lower birth weight. Third-trimester
SSRI exposure was also associated with
lower Apgar scores. Women considering
taking SSRIs during pregnancy may bal-
ance any higher fetal risk against the risk
of persistent or recurrent depression.

(Am J Psychiatry 2002; 159:2055–2061)

The safety of antidepressant drugs during pregnancy is
a significant public health concern. Depressive disorders
cause a tremendous burden of personal suffering and
functional impairment (1–3). The prevalence of depres-
sion is approximately twice as great among women as
men and is greatest during the childbearing years (4, 5).
Furthermore, depression is increasingly recognized as a
chronic or recurrent condition requiring long-term treat-
ment (6, 7). Consequently, women with more severe or re-
current depression face complex choices regarding use of
antidepressants during pregnancy (8).

Previous research leaves significant uncertainty regard-
ing the effects of antidepressants on the embryo and fetus.
All antidepressants are classified by the U.S. Food and
Drug Administration as in risk category B, indicating that
safety has not been established and use during pregnancy
should be avoided unless it is “clearly needed.” Four con-
trolled studies (9–12) have evaluated malformations after
prenatal antidepressant exposure. None found a greater
risk for major malformations, while one (9) reported a
greater risk for minor malformations after exposure to flu-
oxetine. Three controlled studies (9–11) have examined
perinatal outcomes after antidepressant exposure; two (9,
10) found a greater risk of neonatal complications (includ-
ing premature delivery) after fluoxetine exposure, and one

(11) found no effect. The one controlled study that exam-
ined early childhood development (11) found no effect of
exposure to either fluoxetine or tricyclic antidepressants.
Two meta-analyses of the studies just described (13, 14)
also found no greater risk of major malformations after
antidepressant exposure. One of these meta-analyses (13)
also considered perinatal complications (premature deliv-
ery, low birth weight) but reached no definite conclusion
regarding outcome. Among studies not included in these
meta-analyses (15–18), none found a greater risk of con-
genital malformation after antidepressant exposure. A
large Swedish birth registry study (18), however, found
that antidepressant use reported at the first prenatal visit
was associated with premature delivery.

Methodological shortcomings in previous studies fur-
ther increase uncertainty regarding outcomes. First, the
samples may have been unrepresentative. All of the con-
trolled studies (9–12) selected mothers who called referral
centers regarding exposure to possible teratogens. Women
seeking care probably differ from the general population
of exposed and unexposed pregnant women. Only the
Swedish birth registry study (18) examined a population-
based sample of exposed women. Second, selection of un-
exposed infants may have introduced bias. Comparison
groups were typically selected from women calling the
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same referral centers because of concerns about exposure
to nonteratogens (e.g., penicillin). Women using antide-
pressants during pregnancy certainly differ from women
exposed to nonteratogens in the severity of current de-
pression, a known risk factor for premature delivery and
consequent low birth weight (19–21). Finally, in three of
the four controlled studies (9, 10, 12), clinical examiners
and investigators were not blind to exposure, which al-
lowed the possibility of ascertainment bias.

We describe here a cohort study of outcomes after prena-
tal antidepressant exposure in a systematically identified
nonvolunteer sample. We attempted to address method-
ological shortcomings of previous work with population-
based ascertainment of exposure, matching for maternal
depression treatment history, and blinding of data collec-
tion and data analysis. The infants’ medical records were
used to examine perinatal outcomes, congenital malforma-
tions, early childhood neurological illness, and develop-
mental delay.

Method
The study sample was drawn from the Group Health Coopera-

tive, a prepaid health plan serving approximately 400,000 mem-
bers in Washington State. The membership is generally represen-
tative of the area’s population (22) in terms of age, sex, ethnicity,
and socioeconomic status. Because of contracts between Group
Health Cooperative and the state of Washington, the 1996 mem-
bership included approximately 25,000 individuals covered by
Medicaid and 12,000 covered by the Basic Health Plan, a state-
subsidized program for low-income residents. Group Health Co-
operative’s computerized information systems record outpatient
prescriptions, outpatient visits, and hospital discharges. Except
for Medicare members, all Group Health Cooperative plans in-
clude prescription drug coverage. Previous surveys have indi-
cated that over 95% of exposure to antidepressants is captured by
computerized pharmacy records (23).

Hospital discharge records were used to identify all live births
between January 1, 1986, and December 31, 1998. To ensure avail-
ability and uniformity of outpatient records, the sample was lim-
ited to those enrolled at primary care facilities owned by Group
Health Cooperative. To ensure complete capture of drug expo-
sure, the sample was further limited to mothers continuously en-
rolled in Group Health Cooperative for 360 days before delivery.

Pharmacy records were used to identify all antidepressant pre-
scriptions filled or refilled during the 360 days before delivery.
Mothers with no antidepressant prescriptions during this period
were considered unexposed. Those with any antidepressant pre-
scriptions during the 270 days before delivery were considered ex-
posed. The remaining patients (i.e., those with antidepressant pre-
scriptions filled in the period between 270 and 360 days before
delivery) were classified as indeterminate and excluded from fur-
ther analysis. This report considered only mothers exposed to tri-
cyclic antidepressants (amitriptyline, desipramine, doxepin, imip-
ramine, nortriptyline, or protriptyline—hereafter called tricyclic
antidepressants) or selective serotonin reuptake inhibitor antide-
pressants (fluoxetine, fluvoxamine, paroxetine, sertraline—SSRIs).

Exposed infants were then stratified into 432 potential cells ac-
cording to the following maternal characteristics: age, year of de-
livery, lifetime number of antidepressant prescriptions filled or
refilled, lifetime history of outpatient psychiatric treatment, life-
time history of inpatient psychiatric treatment, and length of
Group Health Cooperative enrollment. For each cell of exposed

infants, an equal number of unexposed infants was randomly se-
lected from the corresponding cell of unexposed infants.

Data sources included the following:

1. Standardized forms from maternal prenatal visits for data
regarding alcohol, tobacco, marijuana, or cocaine use dur-
ing pregnancy.

2. Standardized birth records for data regarding birth weight,
head circumference, Apgar scores, and estimated gesta-
tional age.

3. Newborn nursery records for results of standardized physi-
cal examinations.

4. Standardized physical examination records from pediatric
health-monitoring (“well-baby”) visits from birth to age 2
for data regarding congenital malformations and develop-
mental delay.

5. Records of all other outpatient visits and, where appropri-
ate, hospital admissions for data regarding congenital mal-
formations, neurological disorders, and developmental de-
lay.

6. Results of at least one detailed physical examination (in the
newborn nursery or the first “well-baby visit”) was required
for inclusion.

For each infant, all relevant records were photocopied after
masking all identifying information and information regarding
any prenatal exposures. Two chart reviewers received an initial 6
hours of training from the investigators (G.E.S. and M.L.C.), fol-
lowed by approximately 40 hours of supervision during the
course of the project. Reviews were conducted by using a struc-
tured abstraction form available from the first author on request.
All records with any suspected abnormalities (malformation, de-
velopmental delay, etc.) were also reviewed by the investigators
(G.E.S. and M.L.C.) for diagnostic classification. Final classifica-
tion of malformation diagnosis and malformation severity (major
versus minor) was performed by a pediatrician specializing in di-
agnosis and treatment of congenital malformations (M.L.C.). Fi-
nal diagnosis of speech or motor delay required both a physician
diagnosis and confirmation by a formal developmental evalua-
tion. Final diagnosis of seizure disorder required neurological di-
agnosis and an EEG. Febrile seizures only were excluded from the
seizure category. To confirm sensitivity of the initial review, the
first author independently reviewed the first 200 records initially
classified as normal as well as a 10% random sample of the re-
mainder. Chart reviewers and investigators remained blind to ex-
posure status throughout chart reviews and primary data analy-
ses (as identified in this report).

Primary outcomes designated a priori were gestational age,
birth weight, head circumference at birth, Apgar scores at 1 and 5
minutes, any major malformation, any minor malformation, mo-
tor delay, and speech delay. All analyses were conducted by using
the SPSS software package (SPSS, Inc., Chicago). Percentages
were compared by using chi-square statistics and odds ratios
computed by means of logistic regression analysis. Continuous
measures were compared by using t tests (for unadjusted com-
parisons) and analysis of covariance (for adjusted comparisons).
A priori power calculations indicated 80% power to detect either a
twofold increase in prevalence of minor malformations (expected
base rate=10%) or a 2.5-fold increase in prevalence of major mal-
formations (expected base rate=4%). All procedures were ap-
proved by institutional review boards at both the Group Health
Cooperative and the University of Washington.

Results

The procedures described identified 209 infants ex-
posed to tricyclic antidepressants during pregnancy,
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including 66 exposed to amitriptyline, 49 exposed to imip-
ramine, 36 exposed to doxepin, 33 exposed to nortriptyline,
and 22 exposed to desipramine. A total of 185 were ex-
posed to SSRIs, including 129 exposed to fluoxetine, 32 ex-
posed to sertraline, and 28 exposed to paroxetine (with
some exposed to two different drugs).

Consequent to the matching procedure, maternal age,
year of delivery, lifetime use of antidepressants, and life-
time history of psychiatric treatment did not differ be-
tween exposed and unexposed groups. In both the SSRI
and tricyclic antidepressant groups, there were no signifi-
cant differences between exposed and unexposed infants
in the mothers’ reported use of alcohol, tobacco, or mari-
juana. In the tricyclic antidepressant group, self-reported
cocaine use was significantly higher in the exposed group
(4%, N=8) than in the unexposed group (0%) (χ2=8.2, df=1,
p=0.004).

Perinatal outcomes are shown in Table 1. For the tricyc-
lic antidepressant group, exposed and unexposed infants
did not differ significantly in estimated gestational age,
birth weight, head circumference, or Apgar scores. No dif-
ferences were observed in weight or head circumference
at any point from birth to age 2 (data not shown). For the
SSRI group, gestational age, birth weight, and Apgar scores
were all significantly lower in the exposed group. Signifi-
cant differences in weight were also observed at the 2-

month and 4-month visits, but no significant differences
were seen at 6 months or beyond (data not shown). Cate-
gorical analyses of perinatal outcomes are shown in Table
2. In the SSRI group, exposed infants were significantly
more likely to be born prematurely (i.e., at an estimated
gestational age of 36 weeks or less) and to have 5-minute
Apgar scores of 7 or lower. Because any differences in birth
weights or Apgar scores might be explained by different
rates of premature delivery, secondary analyses compared
these outcomes after adjustment for gestational age. After
this adjustment, infants who were exposed and unex-
posed to SSRIs did not differ significantly in mean birth
weights (adjusted difference=–37 g, 95% confidence inter-
val [CI]=–151 to 77) or 5-minute Apgar scores (adjusted
difference=–0.18, 95% CI=–0.39 to 0.03).

As shown in Table 3, no significant differences were seen
between exposed and unexposed infants in rates of major
malformation, minor malformation, specific malforma-
tion, developmental delay, or other neurological disorder
in either the tricyclic antidepressant or SSRI groups.

Given previous findings regarding early versus late preg-
nancy exposure (9), the final set of primary (a priori) anal-
yses compared perinatal outcomes stratified by timing of
exposure (third-trimester exposure versus exposure lim-
ited to the first or second trimester). For the SSRI group
(Table 4), differences in gestational age and birth weight

TABLE 1. Perinatal Outcomes of Infants With Prenatal Exposure to Tricyclic Antidepressants or SSRIs and Matched Unex-
posed Infants

Tricyclic Antidepressants Selective Serotonin Reuptake Inhibitors

Exposed Infants 
(N=209)

Unexposed
Infants (N=209) Adjusted 

Differencea

Exposed Infants 
(N=185)

Unexposed
Infants (N=185) Adjusted 

DifferenceaOutcome Mean SD Mean SD 95% CI Mean SD Mean SD 95% CI
Estimated

gestational 
age (weeks) 38.8 1.9 39.1 1.7 –0.2 –0.6 to 0.2 38.5 1.8 39.4 1.5 –0.9b –1.3 to –0.5

Birth weight 
(g) 3461 618 3521 528 –53 –167 to 62 3381 633 3556 560 –172b –299 to –46

Head circum-
ference (cm) 34.5 2.2 34.7 1.8 0.0 –0.5 to 0.4 33.9 3.4 33.9 4.0 0.0 –1.0 to 1.0

Apgar score at 
1 minute 7.72 1.40 7.78 1.28 –0.12 –0.40 to 0.16 7.20 1.83 7.61 1.58 –0.32 –0.71 to 0.06

Apgar score at 
5 minutes 8.81 0.72 8.86 0.59 –0.06 –0.19 to 0.08 8.53 0.93 8.82 0.73 –0.26b –0.44 to –0.07

a Includes adjustment for maternal tobacco use, other substance use, race, and number of prior births.
b Significant at the 5% level (i.e., 95% CI excludes 0).

TABLE 2. Categorical Analysis of Perinatal Outcomes of Infants With Prenatal Exposure to Tricyclic Antidepressants or SSRIs
and Matched Unexposed Infants

Outcome

Tricyclic Antidepressants Selective Serotonin Reuptake Inhibitors

Exposed
Infants (N=209)

Unexposed
Infants (N=209) Odds 

Ratioa 95% CI

Exposed
Infants (N=185)

Unexposed
Infants (N=185) Odds 

Ratioa 95% CIN % N % N % N %
Estimated gestational age 
≤36 weeks 21 10.0 11 5.3 1.86 0.83 to 4.17 19 10.3 6 3.2 4.38b 1.57 to 12.22

Birth weight <2500 g 10 4.8 8 3.8 1.18 0.42 to 3.28 12 6.5 6 3.2 2.73 0.92 to 8.09
Apgar score at 1 minute ≤5 14 6.7 13 6.2 1.16 0.50 to 2.71 27 14.6 17 9.2 1.61 0.82 to 3.16
Apgar score at 5 minutes ≤7 10 4.8 8 3.8 1.29 0.47 to 2.22 20 10.8 8 4.3 2.78b 1.17 to 6.26
a Includes adjustment for maternal tobacco use, other substance use, race, and number of prior births.
b Difference significant at the 5% level (i.e., 95% CI excludes 1).
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were seen in both subgroups (with third-trimester expo-
sure and exposure limited to the first or second trimester
only). In contrast, the association between SSRI exposure
and lower Apgar scores was confined to the subgroup with
third-trimester exposure. Analyses for the tricyclic antide-
pressant group (not shown) found no significant differ-
ences in gestational age or birth weight in the groups with
early or late exposure. Apgar scores were slightly (but not
significantly) lower among infants with third-trimester tri-
cyclic antidepressant exposure than among those who
were unexposed.

Secondary analyses examined subgroups defined by
level of antidepressant exposure or by exposure to individ-
ual drugs. Table 5 shows the results for the SSRI group sub-
divided by the number of antidepressant prescriptions
filled (one versus two or more). In general, the differences
were clearer for the subgroup that filled two or more pre-
scriptions, but the differences in gestational age remained
significant even in the subgroup that filled only a single
prescription. Analyses of perinatal outcomes stratified ac-
cording to specific SSRI drugs yielded generally similar re-
sults for fluoxetine, sertraline, and paroxetine, although
subgroups were too small for detection of drug-specific ef-

fects. Exclusion of all twins (five in the tricyclic antidepres-
sant group, four in the SSRI group) and of infants exposed
to more than one antidepressant (five in the SSRI group,
none in the tricyclic antidepressant group) yielded essen-
tially identical results.

The finding of differential effects on perinatal outcomes
for exposure to SSRI and tricyclic antidepressants suggests
the possibility of confounding by indication (i.e., different
classes of drugs prescribed to different types of patients).
This was examined by reviewing predictors of SSRI expo-
sure versus tricyclic antidepressant exposure within the
exposed group. Medication selection was not significantly
related to prior psychiatric treatment history, maternal
age, maternal tobacco use, or other maternal substance
use. As shown in Figure 1, however, medication selection
was strongly related to year of delivery (for linear trend,
χ2=84.1, df=1, p<0.001).

Discussion

Consistent with previous research, we found no associ-
ation between SSRI exposure and congenital malforma-
tion or developmental delay in infants. We also found no

TABLE 3. Congenital Malformations in Infants With Prenatal Exposure to Tricyclic Antidepressants or SSRIs and Matched
Unexposed Infantsa

Malformation

Tricyclic Antidepressants Selective Serotonin Reuptake Inhibitors

Exposed
Infants (N=209)

Unexposed
Infants (N=209) Odds 

Ratio

Exposed
Infants (N=185)

Unexposed
Infants (N=185) Odds 

RatioN % N % 95% CI N % N % 95% CI
Major 10 4.8 12 5.7 0.82 0.35 to 1.95 12 6.5 9 4.9 1.36 0.56 to 3.30
Minor 14 6.7 18 8.6 0.76 0.37 to 1.58 18 9.7 16 8.6 1.14 0.56 to 2.31
Specific

Genitourinary 6 2.9 9 4.3 0.66 0.23 to 1.88 7 3.8 6 3.2 1.17 0.39 to 3.56
Cardiac 1 0.5 2 1.0 0.50 0.05 to 5.53 4 2.2 0 0.0
Skeletal 4 1.9 5 2.4 0.80 0.21 to 3.00 2 1.1 8 4.3 0.24 0.05 to 1.15
Vascular 4 1.9 3 0.5 1.34 0.30 to 6.06 8 4.3 7 3.8 1.15 0.41 to 3.23
Craniofacial 5 2.4 4 1.9 1.26 0.33 to 4.75 3 1.6 5 2.7 0.59 0.14 to 2.52

Seizure disorder 4 1.9 0 0.0 4 2.2 1 0.5 4.07 0.45 to 36.73
Motor delay 2 1.0 2 1.0 1.00 0.14 to 7.17 6 3.2 2 1.1 3.07 0.61 to 15.40
Speech delay 2 1.0 2 1.0 1.00 0.14 to 7.17 2 1.1 2 1.1 1.00 0.14 to 7.18
Other motor abnormalityb 2 1.0 4 1.9 0.49 0.09 to 2.73 2 1.1 4 2.2 0.50 0.09 to 2.73
a No difference between exposed and unexposed infants was statistically significant at the 5% level.
b Includes torticollis, strabismus, dystonia.

TABLE 4. Perinatal Outcomes in Infants With Prenatal Exposure to SSRIs and Matched Unexposed Infants, by Time of
Exposure

Outcome

Exposure in Third Trimester Only Exposure in First or Second Trimester Only

Exposed Infants 
(N=84)

Unexposed 
Infants (N=84) Adjusted 

Differencea

Exposed Infants 
(N=101)

Unexposed 
Infants (N=101) Adjusted 

DifferenceaMean SD Mean SD 95% CI Mean SD Mean SD 95% CI
Estimated 

gestational 
age (weeks) 38.4 1.8 39.2 1.6 –0.7b –1.3 to –0.1 38.5 1.9 39.5 1.4 –0.9b –1.5 to –0.4

Birth weight 
(g) 3386 658 3541 552 –148 –343 to 48 3376 615 3568 569 –169b –336 to –2

Apgar score at 
1 minute 6.90 1.40 7.74 1.28 –0.83b –1.39 to –0.27 7.46 1.70 7.50 1.76 0.03 –0.52 to 0.58

Apgar score at 
5 minutes 8.37 1.04 8.87 0.46 –0.47b –0.75 to –0.20 8.67 0.80 8.77 0.89 –0.09 –0.36 to 0.17

a Includes adjustment for maternal tobacco use, other substance use, race, and number of prior births.
b Significant at the 5% level (i.e., 95% CI excludes 0).
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evidence for teratogenicity of tricyclic antidepressants, a
question not addressed by previous controlled studies.
Most important, these findings more clearly establish a
specific association between premature delivery and SSRI
exposure at any point during pregnancy as well as an asso-
ciation between lower Apgar scores and late pregnancy ex-
posure to SSRIs.

The design of this study incorporates elements intended
to address the shortcomings of previous research. First,
exposed and unexposed infants were systematically se-
lected from a defined population, thus avoiding possible
biases due to self-identification of exposure. Second, we at-
tempted to match exposed and unexposed infants for fac-
tors associated with gestational age, low birth weight, mal-
formation, or developmental delay, including maternal
history of depression, maternal age, and year of delivery.
Third, data collection and primary data analyses were
completed without knowledge of exposure status. We sus-
pect that most examining physicians were also unaware of
prenatal exposure, but we have no specific documentation
of this knowledge.

Despite these strengths, we must acknowledge several
significant limitations of this study. First, pharmacy
records indicate drug dispensing rather than actual use.
Misclassification of drug exposure (i.e., medication dis-
pensed but not taken) would reduce the likelihood of de-
tecting true effects. Second, we relied on routinely col-
lected clinical data rather than specific examinations for
malformation or developmental delay. Examinations at
outpatient pediatric visits are relatively crude screening
measures. Use of these data may reduce bias in ascertain-
ment of malformation or developmental delay, but it sac-
rifices sensitivity by limiting our analyses to abnormali-
ties detected during routine medical care. Third, we
sampled live births rather than pregnancies, so we were
unable to examine the risk of spontaneous abortion.
Fourth, a 270-day period to define pregnancy exposure
may lead to some misclassification in instances of prema-
ture delivery (i.e., in which the gestation period was sig-
nificantly shorter than 270 days). Any such misclassifica-

tion could have biased our analyses of premature delivery
and antidepressant exposure in the first trimester but
would not have explained the association between pre-
mature delivery and exposure in the second or third tri-
mester. Fifth, we have no data on antidepressant expo-
sure during breast-feeding or other postnatal exposures,
which might influence rates of developmental delay or
early childhood neurological illness. Finally, marginally
significant results should be interpreted cautiously, given
the large number of comparisons performed.

We should also acknowledge that our matching for de-
pression treatment history may not have completely ac-
counted for differences between exposed and unexposed
infants in risk factors for poor perinatal outcomes, such
as severity of maternal depression or other psychiatric
disorders (19–21). Women using antidepressants during
the index pregnancy (our exposed group) may have been
more severely depressed at the time than were women
with identical treatment histories who were not currently
treated (our unexposed group). Such a bias, however,
should have had the same effect on the results for the two

TABLE 5. Perinatal Outcomes in Infants With Prenatal Exposure to SSRIs and Matched Unexposed Infants, by Number of
Antidepressant Prescriptions Filled in the 270 Days Before Infants’ Birth

One Antidepressant Prescription Two or More Antidepressant Prescriptions

Exposed
Infants (N=66)

Unexposed
Infants (N=66) Adjusted

Differencea

Exposed
Infants (N=119)

Unexposed
Infants (N=119) Adjusted

DifferenceaOutcome Mean SD Mean SD 95% CI Mean SD Mean SD 95% CI
Estimated 

gestational 
age (weeks) 37.6 0.6 38.3 0.7 –0.7b –1.2 to –0.3 38.7 0.8 39.6 0.8 –0.9b –1.6 to –0.2

Birth weight 
(g) 3304 260 3366 263 –61 1277 to 154 3208 201 3423 208 –214b –374 to –55

Apgar score at 
1 minute 7.68 0.73 7.79 0.74 –0.11 –0.74 to 0.52 8.26 0.69 8.73 0.71 –0.47 –0.97 to 0.02

Apgar score at 
5 minutes 8.73 0.32 8.98 0.36 –0.25 –0.51 to 0.07 8.55 0.32 8.85 0.32 –0.29b –0.65 to –0.02

a Includes adjustment for maternal tobacco use, other substance use, race, and number of prior births.
b Significant at the 5% level (i.e., 95% CI excludes 0).

FIGURE 1. Percentages of Pregnant Women Taking Tricyclic
Antidepressants and SSRIs Among 394 Women Who Filled
Prescriptions for Antidepressants, by Year of Delivery
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drug classes (SSRIs and tricyclic antidepressants) and
would not have been consistent with a specific effect of
SSRI exposure. Furthermore, the relative proportion of
SSRI versus tricyclic antidepressant use among pregnant
women was strongly related to year of delivery, suggesting
that choice of drug class reflected time trends in prescrib-
ing rather than maternal clinical characteristics (i.e., con-
founding by indication). In addition, SSRI antidepres-
sants may have been prescribed more often for anxiety
disorders, while tricyclic antidepressant drugs may have
been more often used for pain or insomnia. Indications
for antidepressant use may have also changed over time.
We would not, however, expect a difference in indications
between exposed and unexposed mothers within the tri-
cyclic antidepressant or SSRI groups.

While we found no association between antidepressant
exposure and malformation or developmental delay, we
cannot exclude the presence of modestly greater risk. As
shown by the confidence intervals in Table 2 and Table 3,
we can exclude from concern twofold differences in rates
of minor or major malformations, but we cannot exclude
five- or tenfold differences in rare outcomes, such as spe-
cific malformations. Our findings, however, add to those
of previous studies in finding no detectable effect of anti-
depressant exposure on overall rates of malformation or
developmental delay.

We found an association between SSRI exposure and
lower gestational age with a consequent effect on birth
weight. For both measures, significant differences were
seen in the SSRI group but not in the tricyclic antidepres-
sant group, suggesting a specific effect of SSRI exposure
rather than a confounding effect of maternal depression.
Effects on gestational age and birth weight were not lim-
ited to the infants exposed late in pregnancy. A similar
finding was reported by Pastuszak et al. (10) and Ericson et
al. (18), while Chambers et al. (9) found that only third-tri-
mester fluoxetine exposure was associated with a greater
risk of premature delivery. An effect of early exposure on
premature delivery raises the possibility of antidepressant
effects on development or maintenance of the maternal-
fetal interface. Human placental tissue contains both
norepinephrine (24) and serotonin (25, 26) transporters—
the presumed sites of action of antidepressant drugs. Such
a mechanism, however, would not account for a specific
effect of SSRI antidepressants.

Effects of SSRI exposure on Apgar scores were entirely
attributable to third-trimester exposure, and infants with
third-trimester tricyclic antidepressant exposure showed
lower (but not statistically significant) Apgar scores. These
findings are consistent with the report by Chambers et al.
(9) of neonatal complications after third-trimester fluoxe-
tine exposure and suggest a direct effect of exposure near
the time of delivery. Several case reports (27–31) have de-
scribed transient neonatal toxicity or withdrawal among
infants exposed to tricyclic antidepressants or SSRIs late
in pregnancy.

Our results cannot resolve all questions regarding the
safety of antidepressant use during pregnancy, but they do
provide additional information to women facing a com-
plex decision. We found no evidence that tricyclic antide-
pressant or SSRI exposure is associated with congenital
malformation or developmental delay. Taken together
with previous studies, our findings offer additional reas-
surance in these areas. Exposure to SSRI antidepressants
late in pregnancy was associated with lower Apgar scores,
although the long-term clinical impact of this difference is
not clear. While any effect of late pregnancy exposure
might be avoided by tapering antidepressants during the
third trimester, patients and physicians considering such
a decision should consider the high risk of depression dur-
ing the postpartum period. Finally, SSRI exposure at any
time in pregnancy was associated with a twofold increase
in premature delivery, but the absolute risk was still only
10%. Women considering use of SSRI antidepressants dur-
ing pregnancy may weigh any greater risk of premature
delivery against the risk of persistent or recurrent depres-
sion and the availability and acceptability of alternative
treatments.
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