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Objective: Selective serotonin reuptake
inhibitor (SSRI) use during pregnancy
incurs a low absolute risk for major malfor-
mations; however, other adverse out-
comes have been reported. Major depres-
sion also affects reproductive outcomes.
This study examined whether 1) minor
physical anomalies, 2) maternal weight
gain and infant birth weight, 3) preterm
birth, and 4) neonatal adaptation are af-
fected by SSRI or depression exposure.

Method: This prospective observational
investigation included maternal assess-
ments at 20, 30, and 36 weeks of gesta-
tion. Neonatal outcomes were obtained
by blinded review of delivery records and
infant examinations. Pregnant women
(N=238) were categorized into three mu-
tually exclusive exposure groups: 1) no
SSRI, no depression (N=131); 2) SSRI ex-
posure (N=71), either continuous (N=48)
or partial (N=23); and 3) major depres-
sive disorder (N=36), either continuous
(N=14) or partial (N=22). The mean de-
pressive symptom level of the group with

continuous depression and no SSRI expo-
sure was significantly greater than for all
other groups, demonstrating the ex-
pected treatment effect of SSRIs. Main
outcomes were minor physical anoma-
lies, maternal weight gain, infant birth
weight, pregnancy duration, and neona-
tal characteristics.

Results: Infants exposed to either SSRIs
or depression continuously across gesta-
tion were more likely to be born preterm
than infants with partial or no exposure.
Neither SSRI nor depression exposure in-
creased risk for minor physical anomalies
or reduced maternal weight gain. Mean
infant birth weights were equivalent.
Other neonatal outcomes were similar,
except 5-minute Apgar scores.

Conclusions: For depressed pregnant
women, both continuous SSRI exposure
and continuous untreated depression
were associated with preterm birth rates
exceeding 20%.

(Am ] Psychiatry 2009; 166:557-566)

’]:16 prevalence of major depressive disorder in women
is highest during the childbearing years (1). Maternal de-
pression is associated with perinatal risk related to physio-
logical sequelae of the disorder and maternal behaviors,
such as smoking, substance abuse, and inadequate obste-
trical care. Selective serotonin reuptake inhibitor (SSRI) an-
tidepressant therapy is common among childbearing-aged
women, with 2.3% of pregnant women per year exposed (2).

Although the majority of early reports (3—-7) of SSRI
treatment during pregnancy did not identify an increased
risk for birth defects, in 2005 the Food and Drug Adminis-
tration (FDA) issued an advisory indicating that early
exposure to paroxetine may increase the risk for cardiac
defects (http://www.fda.gov/CDER/Drug/advisory/
paroxetine200512.htm). In response, two large-scale case-
control studies were published (8, 9). Overall, SSRI expo-
sure was not associated with congenital heart problems or
the majority of other categories of birth defects in either
investigation. The authors (8, 9) and Greene (10) con-
cluded that SSRI exposure is associated with a small abso-
lute risk (if any) for major defects.

Findings on the relationship of minor physical anoma-
lies to SSRI exposure have been inconsistent. The occur-
rence of three or more minor anomalies is important be-
cause of its predictive association with major structural
malformations (11), neurodevelopmental abnormalities,
or eventual psychiatric problems (12). Although a higher
risk for three or more minor anomalies in fluoxetine-ex-
posed infants was reported (6), no increased risk was
found in newborns exposed to sertraline (13) or SSRIs gen-
erally (14), compared to unexposed newborns.

The landmark 1996 publication by Chambers et al. (6)
shifted investigative attention beyond first-trimester SSRI
treatment and malformations to later exposure and other
reproductive outcomes. Significantly lower maternal
weight gain and infant birth weight were reported after
exposure to fluoxetine after 25 weeks’ gestation (6). Sub-
sequent investigators reported that compared to unex-
posed infants, newborns exposed to SSRIs had a mean
birth weight 188 g lower (14) and a significantly higher
proportion below the 10th percentile in weight (15). Birth
weights in SSRI-exposed neonates also have been compa-
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FIGURE 1. Enrollment of Pregnant Women in Study of SSRI Antidepressants and Depression
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3 The groups with continuous exposure also include women exposed for the majority of each of the three trimesters.
b The groups with partial exposure had at least one trimester free of exposure.

rable to those of unexposed infants in several investiga-
tions (4, 5, 16); similarly, maternal weight gain also was
equivalent (4, 5).

Chambers et al. (6) observed a threefold increase in the
rate of preterm birth (14.3%) in infants whose mothers
took fluoxetine in late pregnancy, relative to infants whose
mothers discontinued the drug earlier (4.1%) or were un-
exposed (5.9%). An association between maternal SSRI
treatment and preterm birth has since been reported by
many (7, 14, 17-19) but not all (3-5, 16, 20) investigators.
Preterm birth, the leading cause of perinatal morbidity
and mortality in the United States, occurs in 12.5% of neo-
nates (21).

Neonates exposed in late pregnancy have a threefold
higher risk for neonatal syndrome (CNS, motor, and respi-
ratory signs), which resolves within 2 weeks after birth (22).
Chambers et al. reported that nearly one-third (31.5%) of
neonates exposed to fluoxetine in the final trimester had
poor neonatal adaptation, compared to 8.9% of neonates
with earlier exposure only (6). Several investigators (14, 16,
23, 24) have reported less favorable Apgar scores associ-
ated with third-trimester SSRI exposure. A specific associa-
tion between late-pregnancy fluoxetine exposure and per-
sistent pulmonary hypertension of the newborn has been
reported (25). Two (2.7%) of 73 exposed infants developed
persistent pulmonary hypertension of the newborn, a rate
six times that in the general population (0.1-0.2%). Addi-
tional reports of neonatal respiratory distress after SSRI ex-
posure have been published (15, 24, 26).

We conducted a prospective observational study to de-
termine whether either SSRI treatment or untreated de-
pression in pregnant women with major depressive disor-
der, compared to unexposed pregnant women without
major depression, was associated with increased risk for 1)
minor physical anomalies, 2) reduced maternal weight
gain and infant birth weight, 3) preterm birth, or 4) poor

neonatal outcomes. To our knowledge, this is the only pro-
mendations or treatment choice. No intervention was prescribed
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spectively followed study group with subgroups for both
continuous and partial exposures to depression and SSRIs.

Method

In this prospective observational study, maternal assessments
were completed at weeks 20, 30, and 36 weeks of gestation. Deliv-
ery records were reviewed and the newborns examined at 2 weeks
postpartum.

Study Subjects

The pregnant women were 15-44 years old and were recruited
from two sites. Twenty-one were enrolled in Cleveland between
Jan. 23, 2000, and April 1, 2001, and 217 were recruited in Pitts-
burgh between April 23, 2003, and July 11, 2007. Recruitment
was by self-referral, physician referral, advertising, and screen-
ing in obstetrical ultrasound suites. Approval was obtained from
the Case Western Reserve University and University of Pitts-
burgh institutional review boards. All women provided written
informed consent.

After evaluating the patterns of SSRI and depression exposure
that occurred in our subjects, we created five nonoverlapping
groups:

1. No SSRI, no depression (N=131)—no exposure to any antide-
pressant or to major depressive disorder.

2. Continuous SSRI exposure (N=48)—treatment with an SSRI
during the entirety of pregnancy or for the majority of each of the
three trimesters.

3. Continuous depression, no SSRI (N=14)—the presence of
major depression throughout pregnancy or for the majority of
each of the three trimesters, without SSRI treatment.

4. Partial SSRI exposure (N=23)—treatment with an SSRI at
some point during pregnancy but at least one full trimester with-
out exposure; this group was equally split between women
treated with an SSRI in the first and/or second trimester, but not
the third, and women treated in the second and/or third trimes-
ter, but not the first.

5. Partial depression, no SSRI (N=22)—major depressive disor-
der at some point during pregnancy but no depression for at least
one trimester, without SSRI treatment.

Consultation about depression management during preg-
nancy was provided to women with depression or SSRI exposure,
and a summary was sent both to the woman and to her physi-
cian(s). Enrollment did not depend on acceptance of the recom-
by the study team.
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TABLE 1. Characteristics of Pregnant Women in Study of Effects of SSRI Antidepressants and Depression on Pregnancy and
Neonatal Outcomes

No SSRI, No Continuous SSRI Continuous Partial SSRI Partial
Depression Exposure Depression, No Exposure Depression, No Fisher’s
(N=131) (N=48) SSRI (N=14) (N=23) SSRI (N=22) Exact
Characteristic N % N % N % N % N % Test (p)
Age? 0.06
<31 years 70 53 11 35 8 57 9 39 15 68
>31 years 61 47 31 65 6 43 14 61 7 32
RaceP 0.001
Caucasian 105 80 45 94 9 64 20 87 11 50
African American 24 18 2 4 4 29 3 13 10 45
Other 2 2 1 2 1 7 0 0 1 5
Married or with a partner® 104 79 40 83 9 64 17 74 11 50 0.03
Highest educational attainment® 0.001
High school 23 18 6 12 6 43 4 18¢ 7 32
Some college 16 12 7 15 3 21 5 23¢ 10 45
College degree 58 44 19 40 5 36 7 32¢ 3 14
Post college 34 26 16 33 0 0 6 27¢ 2 9
Smoked during pregnancy 10 7 8 17 3 21 2 9¢ 4 18 0.15
Alcohol use during pregnancyf 0.05
None 92 70 36 75 7 50 14 64¢ 16 73
One or fewer drinks per week 32 25 6 13 2 14 5 23¢ 4 18
More than one drink per week 7 5 6 13 5 36 3 14¢ 2 9
or five or more on one occa-
sion (binge drinking)
Primiparous 0.11
Yes 60 46 15 31 2 14 8 35 8 36
No 71 54 33 69 12 86 15 65 14 64
Prior births8 0.55
Total 67 29 12 15 11
Preterm 10 15 6 21 4 33 2 13 1 9

a Post hoc analyses showed that the proportion of women >31 years old was higher in the group with continuous SSRI exposure than in the
group with no SSRI and no depression and in the group with partial depression and no SSRI exposure.

b Post hoc analyses indicated that the proportion of African American women was lower in the group with continuous SSRI exposure than in
the group with partial depression and no SSRI exposure.

¢ Post hoc analyses showed that the proportion of women who were married or with a partner was lower in the group with partial depression
and no SSRI exposure than in the other groups.

d Post hoc analyses showed that the proportion of women with a college degree or post-college education was lower in the group with contin-
uous depression and no SSRI exposure (36%) and in the group with partial depression and no SSRI exposure (23%) than in the other groups
(59%—73%).

€ Percent based on total group of 22.

f Post hoc analyses indicated that the proportion of women who drank more than one drink per week or were binge drinkers was higher in the
group with continuous depression and no SSRI exposure than in the group without either SSRI or depression exposure or in the group with
continuous SSRI exposure. There were no differences among groups in the proportions of women who drank one or fewer drinks per week.

¢ Before the index pregnancy. Data were available only for the subjects in Pittsburgh.

Exposures term births. Depression severity was assessed with the 29-item
Structured Interview Guide for the Hamilton Depression Rating
Scale With Atypical Depression Supplement (SIGH-ADS) (29),
which includes all versions of the Hamilton Rating Scale for De-
pression. The functional measures were the Global Assessment

Scale from the SCID and the SF-12 Health Survey (30), which

Beginning with conception, SSRI exposure was documented by
charting each subject’s drug doses across each week of gestation.
Because we observed that nearly 15% of the drug-treated child-
bearing women in a previous randomized SSRI trial had negligi-
ble serum levels (27), we confirmed exposure (maternal serum

level 210 ng/ml) for inclusion in the SSRI-treated groups. Women
with active substance use disorder (identified by self-report or
urine drug screen) or with gestational exposure to benzodiaz-
epines or prescription drugs in the FDA-defined category of D or
X were excluded. Exposures to prescribed drugs, over-the-
counter medications, environmental agents, alcohol, and smok-
ing were recorded at each assessment.

The diagnosis of major depressive disorder was made accord-
ing to the Structured Clinical Interview for DSM-IV (SCID). We
adapted the timeline technique (28) to chart depression course by
month across the pregnancy. Women with psychosis or bipolar
disorder were excluded. Those with multiple gestations or
chronic diseases were also excluded.

Outcomes

Descriptive data for the sample included demographic charac-
teristics, smoking status, alcohol intake, parity, and previous pre-
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yields summary scores for the physical and mental components.

The main outcome measures were minor physical anomalies,
maternal weight gain, infant birth weight, pregnancy duration,
and neonatal characteristics. To assess minor anomalies, an in-
fant examination was performed at 2 weeks postbirth by a physi-
cian (D.L.B.) or pediatric nurse practitioner blind to maternal ex-
posures. The minor anomalies measure was initially developed at
the National Institute of Mental Health (12) to evaluate dysmor-
phology in children. Minor anomalies specific to teratogen expo-
sure were added (by K.L.W.) specifically for use in drug-exposed
pregnant women. The expanded measure was successfully used
to compare minor anomalies in infants exposed prenatally to al-
cohol with unexposed comparison infants (31).

Body mass index (BMI) was calculated from the mother’s
prepregnancy weight and height. Maternal gestational weight
was recorded at each evaluation. The Institute of Medicine guide-
lines (32) were used to define categories of both prepregnancy
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TABLE 2. Baseline Health Status and Functioning of Women With or Without Exposure to SSRI Antidepressants and Depres-

sion During Pregnancy

No SSRI, No Continuous Continuous Partial SSRI Partial
Depression  SSRI Exposure Depression, No Exposure Depression, No
(N=131) (N=48) SSRI (N=14) (N=23) SSRI (N=22) ANOVA
Measure Mean SD Mean SD Mean SD Mean SD Mean SD F df p
Hamilton Rating Scale for 4.2 3.2 8.4 5.1 14.9 4.4 11.3 6.6 10.5 4.7 37.2 4,232 <0.001
Depression (17-item)?
Structured Interview 7.9 4.8 13.9 6.9 23.9 3.7 17.6 7.9 16.6 6.8 41.8 4, 226 <0.001
Guide for the Hamilton
Depression Rating Scale
With Atypical Depression
Supplement (29)2
Global Assessment ScaleP 87.0 71 741 1.3 62.6 5.0 69.9 14.2 69.9 11.0 49.5 4,232 <0.001
SF-12 mental component 55.7 5.7 45.2 13.7 353 11.4 44.6 12.2 40.5 13.3 26.3 4,186 <0.001

scoreP:c

a Post hoc analyses showed that the mean value for the group with no SSRI and no depression exposure was lower than the mean for each of
the other groups and that the mean for the group with continuous depression and no SSRI exposure was higher than all other group means

(Scheffé tests).

b Post hoc analyses showed that the mean value for the group with no SSRI and no depression exposure was higher than the mean for each of
the other groups and that the mean for the group with continuous SSRI exposure was higher than that for the group with continuous depres-

sion and no SSRI exposure (Scheffé tests).

¢ Data were available only for the subjects in Pittsburgh. The scores on the physical component of the SF-12 did not differ across groups (F=

1.97, df=4, 186, p=0.10).

BMI status and adequacy of pregnancy weight gain. Infant birth
weight, length, and head circumference and other outcome data
were obtained by review of delivery records by independent eval-
uators (D.EH. and S.J.-1.) blind to study hypotheses and design.
Designations of small (<10th percentile) and large (>90th percen-
tile) for gestational age were standardized by sex.

Preterm birth was subcategorized as late (34 to <37 weeks) and
early (<34 weeks). Measures to assess neonatal adaptation in-
cluded delivery method, Apgar scores at 1 and 5 minutes, admis-
sion to a neonatal intensive care unit (NICU), and item scores on
the infant subscale of the Peripartum Events Scale (33). The infant
subscale of this measure includes 10 problems (pH correction,
volume expansion, transfusion, hypoglycemia, hyperbilirubine-
mia, hypocalcemia, sepsis, meconium aspiration pneumonitis,
other, and other life-threatening). The infant subscale was di-
vided into two categories: one or no problems versus two or more
problems; the latter category reflected the most affected 10% of
infants. To evaluate respiratory distress, we identified five vari-
ables on the Peripartum Events Scale (tachypnea, required oxy-
gen, respiratory distress, acrocyanosis, cyanosis) that were com-
bined and compared across groups.

Statistical Methods

Demographic and historical variables were compared with
Pearson chi-square statistics or Fisher exact statistics (for vari-
ables with expected cell frequencies of less than 10) for categori-
cal variables and one-way analysis of variance (ANOVA) for con-
tinuous measures. Post hoc comparisons were done for variables
with significance levels of p<0.05. Outcome measures were com-
pared with regression models. Unadjusted models were per-
formed with the five exposure groups and followed with adjust-
ment for maternal age and race, which were selected because
they had prominent effects on reproductive outcomes and were
demographic variables that significantly differed among expo-
sure groups.

We analyzed differences in minor physical anomalies 1) among
infants exposed to SSRIs, depression, or neither in the first trimes-
ter and 2) among the five groups. Minor anomalies were analyzed
both as frequency counts with Poisson regression and as a dichot-
omized variable (fewer than three versus three or more) with logis-
tic regression. Prepregnancy BMI, weight gain at week 36, and in-
fant birth weight were analyzed with linear regression. Categorical
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prepregnancy BMI and infant birth weight and the proportion of
women within Institute of Medicine guidelines for weight gain
were analyzed with polychotomous logistic regression.

Gestational age at birth was analyzed both as a continuous
measure and as a categorical variable (full term, early preterm, or
late preterm). Time to birth across groups was compared with Cox
proportional hazard models. The proportions of infants with pre-
term birth, NICU admission, 1- and 5-minute Apgar scores of 7 or
less, Peripartum Events Scale subscale ratings of 2 or higher, and
respiratory signs were compared with logistic regression. Ad-
justed models were not completed for neonatal outcome vari-
ables with low frequencies, i.e., fewer than 10 occurrences. Stata
version 8.0 (Stata Corp., College Station, Tex.), SPSS version 15.0
(SPSS, Chicago), and StatXact version 8 (Cytel Corp., Cambridge,
Mass.) were used.

Results

Subjects

Of the 381 women evaluated, 279 (73%) were eligible
and 238 (85%) provided neonatal outcome data (Figure 1).
Their characteristics are displayed in Table 1. Women who
took SSRIs continuously tended to be older, Caucasian,
married, and more educated. Although pregnant women
who reported alcohol abuse or dependence at intake were
excluded, subjects with continuous depression who re-
ceived no SSRI treatment reported more alcohol use
(more than 1 drink a week or binge drinking) than either
the group receiving continuous SSRIs or the group with no
SSRIs and no depression. Unlike many groups of de-
pressed women, the subjects with depression in this study
were not significantly more likely to smoke than were anti-
depressant-treated women or the group without either
depression or SSRI treatment.

Of the 71 women treated with SSRIs, more than two-
thirds (68%) were on maintenance regimens and received
SSRIs continuously. The majority of drug use was mono-
therapy (83%). The SSRIs included sertraline (34%), fluox-
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etine (25%), and citalopram or escitalopram (23%). Other
drug treatments (18%) included fluvoxamine, paroxetine,
venlafaxine, and combinations (an SSRI plus bupropion
or an SSRI plus a tricyclic antidepressant).

As anticipated, women exposed to neither depression
nor SSRIs had significantly lower depressive symptom
levels and higher functional status than the exposure
groups (Table 2, Figure 2). The mean symptom level of the
group with continuous depression and no SSRI treatment
was significantly greater than the levels of all other
groups. A parallel pattern was observed for the Global As-
sessment Scale and the mental component summary of
the SF-12. The mean scores of the group with continuous
SSRI treatment were significantly greater (indicating
higher functioning) than the scores of the group with con-
tinuous depression and no SSRI exposure. These observa-
tions demonstrate the expected treatment effect in the
SSRI group.

Physical Malformations

Assessments of minor anomalies were available for 203
(85%) of the infants, and 30 (15%) had three or more
anomalies. Neither first-trimester nor continuous expo-
sure to SSRIs or depression was associated with a signifi-
cant increase in the number of minor anomalies or the
proportion of infants with three or more anomalies. No
major malformations were observed.

Gestational Weight Gain and Infant Birth Weight

Neither SSRI use nor depression was related to mater-
nal weight gain (Table 3). Although the differences in
weight gain among exposure groups were not significant,
women with depression had lower mean weight gains
than women treated with SSRIs or those who had neither
exposure. Conversely, women with depression had non-
significantly higher mean prepregnancy BMIs than
women who received SSRIs or the comparison subjects.
Because gestational weight gain recommendations are
based on prepregnancy BMI, we evaluated the propor-
tions of women who gained less than, the same as, or
more than the ranges in the Institute of Medicine guide-
lines across subject groups. No significant differences
emerged (Table 3).

Neither mean infant birth weight nor the proportion of
infants with birth weights below the 10th or above the 90th
percentile for gestational age differed across exposure
groups (Table 3). Birth length and head circumference also
did not differ (data not shown).

Preterm Birth Rate

In both the group with continuous depression and the
group with continuous SSRI exposure, more than 20% of
the infants were delivered preterm and the proportions of
late- and early-preterm births were similar. The preterm
birth rates in the other groups ranged from 4% to 9% (Ta-
ble 4, Figure 3). The relationship between continuous SSRI
exposure and preterm birth was stronger after adjustment

Am | Psychiatry 166:5, May 2009
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FIGURE 2. Baseline Depression and Global Functioning of
Women With or Without Exposure to SSRI Antidepressants
and Depression During Pregnancy?
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a Within each box, the white line represents the median value. The
top and bottom edges of the box represent the 75th and 25th per-
centiles, respectively; these define the interquartile range. Each bar
attached to the box represents 1.5 times the interquartile range;
the filled circles are outliers.

b29-jtem Structured Interview Guide for the Hamilton Depression
Rating Scale With Atypical Depression Supplement (29).

for maternal age and African American race (Table 4). Ges-
tational age at birth did not differ between women with
partial SSRI or depression exposure and the unexposed
comparison women.

Neonatal Adaptation

No difference among groups for vaginal versus surgical
delivery was observed (data not shown). After adjustment
for maternal age, race, and gestational age, we found that
infants exposed in utero either to continuous SSRIs or con-
tinuous depression with no SSRI treatment were not more
likely to be admitted to the NICU than infants in other
groups (Table 5). The Peripartum Events Scale infant sub-
scale scores and respiratory signs did not differ across
groups. Although the proportions of infants with Apgar
561
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TABLE 3. Relation of Maternal Weight Gain, Prepregnancy Body Mass Index (BMI), and Infant Birth Weight to Mother’s
Exposure to SSRI Antidepressants and Depression During Pregnancy

Linear Regression

Adjusted for Maternal

Unadjusted? Age and Race?

Weight Variable and Maternal Group N Mean SD F df p F df p
Weight gain (Ib)P 1.61 4,137 0.17 1.00 4,135 0.41

No SSRI, no depression 82 31.6 13.0

Continuous SSRI exposure 23 28.6 13.8

Continuous depression, no SSRI 3 17.7 15.5

Partial SSRI exposure 16 314 12.0

Partial depression, no SSRI 18 24.8 16.2
Prepregnancy BMI¢ 2.19 4,212 0.07 1.76 4,210 0.14

No SSRI, no depression 120 25.9 7.1

Continuous SSRI exposure 42 27.3 5.4

Continuous depression, no SSRI 14 30.5 7.1

Partial SSRI exposure 19 26.0 6.6

Partial depression, no SSRI 22 29.3 93
Infant birth weight (kg)d¢ 1.58 4,230 0.18 186 4,228  0.12

No SSRI, no depression 130 3.53 0.5

Continuous SSRI exposure 47 3.36 0.7

Continuous depression, no SSRI 14 3.22 0.6

Partial SSRI exposure 22 3.39 0.4

Partial depression, no SSRI 22 3.37 0.6

aThe p values are based on changes in R2.

b The weight gains recommended by the Institute of Medicine (32) are as follows: for underweight women (BMI, <19.8), 28-40 Ib; for normal-
weight women (BMI, 19.8-26.0), 25-35 lb; for overweight women (BMI, 26.1-29.0), 15-25 lb; and for obese women (BMI, >29.0), 15 |Ib. No
difference across exposure groups was observed for weight gains within, lower than, or higher than these ranges (adjusted x?=4.77, df=8, p=
0.78, polychotomous logistic regression).

¢ Data were available only for the subjects in Pittsburgh. Although the overall difference in mean prepregnancy BMI was not significant, the
means for the groups with depression (continuous or partial) were significantly different from the mean for the group with no SSRI or depres-
sion exposure. The distribution of women with prepregnancy BMIs in the categories defined by the Institute of Medicine as underweight, nor-
mal, overweight, and obese did not differ across exposure groups (adjusted x2=7.47, df=8, p=0.48, polychotomous logistic regression).

d Categorical analysis of infants small, normal, or large for gestational age revealed no significant differences across exposure groups (adjusted
%2=5.56, df=8, p=0.70, polychotomous logistic regression). Designations of small and large for gestational age were based on charts for sin-
gleton births stratified by gender (http://www.phac-aspc.gc.ca/rhs-ssg/bwga-pnag/index-eng.php). Infants below the 10th percentile were
considered small for gestational age, and those above the 90th percentile were considered large for gestational age.

€ Model adjusted for maternal age, race, and infant gestational age at birth: F=1.11, df=4, 227, p=0.35.

scores of 7 or higher at 1 minute were similar across groups, depression (continuous or partial) tended to have a pat-
significantly more infants had Apgar scores of 7 or more at 5 tern of higher mean preconception BMI, coupled with
minutes among the infants of mothers with continuous lower mean weight gain, than women treated with SSRIs

SSRI exposure than among the unexposed infants (Table 5). or comparison subjects.
A major finding of this study is a higher risk for preterm
Discussion birth in infants exposed in utero to either continuous SSRI

treatment for depression or continuous depression with-

In this controlled prospective investigation, we found out SSRI treatment. Our study joins the converging yet
that gestational exposure to SSRIs or depression (in un-  controversial literature that links SSRI treatment to a three-
medicated women) was not related to the number of mi- fold (6, 14, 18) increase in the risk for preterm birth. An-
nor physical anomalies in offspring of women with major  other important observation is that women exposed to de-
depressive disorder. This study and two others (13, 14) pression (with no SSRI treatment) throughout pregnancy
have not replicated the original report (6) of a higher rate  had a comparable level of increased risk for preterm birth.

of minor anomalies in infants exposed prenatally to SSRIs. Attempts to differentiate reproductive outcomes related
Moreover, no definitively higher risk for two clinical corre- to SSRIs from those associated with depression have been
lates of minor anomalies—major structural malforma- few (15, 18). With a prospective observational design, Suri
tions (8-10) and neurodevelopmental abnormalities or et al. (18) studied pregnant women in three groups: 1) an-

psychiatric problems (4, 14, 15, 34, 35)—has been associ-  tidepressant treatment for more than 50% of the preg-
ated with SSRI exposure. However, one investigative team nancy, 2) major depressive disorder with no treatment,
(36) found normal mental but lower psychomotor skillsin  discontinuation of antidepressant in the first trimester,

toddlers exposed prenatally to SSRIs. and/or brief antidepressant exposure, and 3) neither ex-

Like other researchers (5, 7, 18, 37), we found that ma- posure. The rates of preterm birth were 14.3%, 0.0%, and
ternal weight gain was not significantly lower in SSRI- 5.3%, respectively. The authors suggested that SSRI treat-
treated women with or without adjustment for precon- ment, rather than depression, was associated with the

ception BMI. We observed that women with unmedicated higher risk for preterm birth. We found equivalent effects
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TABLE 4. Relation of Infant’s Gestational Age at Birth to Mother’s Exposure to SSRI Antidepressants and Depression During
Pregnancy

Categorical Gestational Age at Birth?

Full Term Late Preterm (>34  Early Preterm
(237 weeks) to <37 weeks) (<34 weeks) Rate Ratio for Preterm Birth?

Maternal Group or Unadjusted Rate Ratio Adjusted for

Variable N % N % N % Rate Ratio 95% Cl Maternal Age and Race® 95% Cl

No SSRI, no de- 123 94 7 5 1 1
pression (N=131)

Continuous SSRI 38 79 8 17 2 6 3.56 1.40-9.01 5.43 1.98-14.84
exposure (N=48)

Continuous de- 11 79 2 14 1 7 4.25 1.06-15.14 3.71 0.98-14.13
pression, no SSRI
(N=14)

Partial SSRI expo- 22 96 1 4 0 0 0.69 0.09-5.58 0.86 0.11-6.92
sure (N=23)

Partial depression, 20 91 1 5 1 4 1.53 0.32-7.13 1.04 0.22-5.01
no SSRI (N=22)

African American 2.24 0.82-6.11
race

Age <31 years 3.48 1.34-9.01

2 Analyses used log-likelihood chi-square tests; adjusted model includes maternal age and race. Unadjusted model: x2=12.01, df=8, p=0.15;
adjusted model: ¥2=14.06, df=8, p=0.08. The mean gestational age also did not differ across exposure groups (adjusted model: F=2.17, df=
4,231, p=0.07).

Based on survival models of time to preterm birth, with log-likelihood chi-square analysis; adjusted model includes maternal age and race.
Unadjusted model: x2=9.85, df=4, p=0.04; adjusted model: x?=13.63, df=4, p=0.009.

¢ Post hoc tests (exact log rank tests) showed that there was no significant difference between the group with continuous SSRI exposure and
the group with continuous depression and no SSRI, that both exposure groups differed from the group with no exposure to either SSRIs or
depression, and that the group with partial SSRI exposure and the group with partial depression exposure and no SSRI did not differ from the
group with neither exposure.

of continuous SSRI treatment and depression exposure on FIGURE 3. Relation of Infant’s Gestational Age at Birth to
preterm birth. Mother’s Exposure to SSRI Antidepressants and Depression
. . L o During Pregnancy
One explanation for variable research findings is differ-
ing characteristics among the study groups. In this investi-
gation, women who received SSRIs continuously had
lower depressive symptom scores and better functioning 90
than the women with continuous depression and no SSRI 30
exposure. In contrast, Suri et al. (18) studied medicated
and unmedicated pregnant women with depression and
observed comparable levels of depression. Additionally,
the levels of depressive symptoms and functioning in our
group with partial SSRI exposure and the group with par-
tial depression and no SSRI exposure were similar, which
emphasizes the differential importance of continuous ex-
posure to either SSRIs or depression. For improving risk- 20
benefit decisions about the treatment of major depressive
disorder during pregnancy, the crucial question is whether
treated women have more favorable reproductive out-

100 M Full Term
H Late Preterm
M Early Preterm

Percentage of Births
- w S ul D ~l
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comes compared to unmedicated women. Ss%\;\oﬁ\ AV e &\00053%\ (K-\a\ss @4"2&\
. . .. WO e (of SN QD R
Another explanation for the lack of consistent findings I SO o
. e i, . S 2
is the variability in exposure definitions across studies. For o ¢

example, we found that partial exposure to either SSRIs or
depression did not increase the risk for preterm birth.
Similarly, Chambers et al. (6) reported that mothers who
discontinued SSRIs before the third trimester (similar to ~ elaboration about later use (7), 2) late pregnancy (24), 3)
our group with partial exposure) had a preterm birth rate ~ an antidepressant prescription filled during pregnancy
comparable to the rate for comparison subjects, while (14, 15), 4) an antidepressant prescription purchased dur-
mothers with third-trimester exposure (82% treated  ing trimester 1, 2, or 3 or throughout pregnancy (20), 5)
throughout pregnancy) had an increased rate. Other in-  first trimester (5), and 6) throughout pregnancy or partial
vestigators have defined exposure as 1) early, with antide- treatment (37). Standardization of definitions for both
pressant use ending before 16 weeks of gestation, without

Mother’s Exposure During Pregnancy
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TABLE 5. Relation of Neonatal Adaptation to Mother’s Exposure to SSRI Antidepressants and Depression During Pregnancy?

Score >2 on Infant Sub-
scale of Peripartum

Admission to

Neonatal Inten- Apgar Score <7 at Apgar Score <7 at

sive Care Unit? 1 Minute® 5 Minutesd Events Scale® Respiratory Signsf
Maternal Group N % N % N % N % N %
No SSRI, no depression (N=130) 10 8 17 15 1 1 8 7 5 4
Continuous SSRI exposure (N=48) 9 19 8 23 3 9 6 17 2 6
Continuous depression, no SSRI (N=14) 3 21 3 25 1 8 2 15 1 8
Partial SSRI exposure (N=22) 1 5 0 0 0 0 1 6 0 0
Partial depression, no SSRI (N=22) 1 5 4 20 2 10 1 5 1 5

a Except for admissions to the neonatal intensive care unit, the data are from only the subjects in Pittsburgh.

b Analyses used exact logistic regression. Unadjusted model: x2=7.53, df=4, p=0.07; model adjusted for maternal age and race: x2=9.34, df=
4, p=0.05; model adjusted for maternal age, race, and infant gestational age at birth: x2=1.20, df=4, p=0.88. Post hoc tests (Fisher’s exact
test) indicated that the group with continuous SSRI exposure and the group with continuous depression and no SSRI exposure did not differ
from each other and that both differed from the group with neither exposure.

¢ Analyses used exact logistic regression. Unadjusted model: x2=7.44, df=3, p=0.17; model adjusted for maternal age and race: x?=6.12, df=
3, p=0.11.

dThese observations were rare; thus, Fisher’s exact statistics were used. Unadjusted model: p=0.03. The proportion of subjects in the group
with neither exposure is lower than that in the group with continuous SSRI exposure. There was no significant difference among the group
with neither exposure, the group with continuous depression and no SSRI, and the group with partial depression exposure and no SSRI.

€ Analyses used exact logistic regression. Unadjusted model: x?=4.40, df=4, p=0.36; model adjusted for maternal age and race: x?=4.13, df=
4, p=0.39. Post hoc tests (Fisher’s exact test) indicated that the group with continuous SSRI exposure and the group with continuous depres-
sion and no SSRI exposure did not differ from each other and that both differed from the group with neither exposure.

f Combined from the Peripartum Events Scale: tachypnea, required oxygen, respiratory distress, acrocyanosis, and cyanosis. These observa-

tions were rare; thus, Fisher’s exact statistics were used. Unadjusted model: p=0.78.

SSRI and depression exposures would facilitate cross-
study analyses.

In this study group, over 20% of the pregnant women
with major depressive disorder who were either continu-
ously treated with an SSRI or continuously exposed to ac-
tive depression delivered preterm infants. The rates of
late- and early-preterm births were similarly distributed.
The implication is that a factor common to women with
depression who elect continuous treatment or remain un-
medicated throughout pregnancy is related to preterm
birth. The underlying depressive disorder and its sequelae
may constitute a long-term disease risk factor indepen-
dent of current symptom level. An alternative explanation
is that factors independently related to active depression
and SSRI treatment during pregnancy are associated with
preterm birth and that the effects are of the same order of
magnitude. The observation that partial exposure to SSRIs
or depression was not associated with a higher rate of pre-
term births suggests that disease management choices
related to the chronicity or severity of depression affect
reproductive outcome. These data do not support a rec-
ommendation for partial SSRI treatment during preg-
nancy to reduce the risk of preterm birth.

Demographic characteristics also differed across the
five exposure groups. African American women were sig-
nificantly more likely to have continuous depression and
to be unmedicated. Racial disparities in reproductive out-
comes, including preterm birth, are well described.
Women with continuous SSRI exposure tended to be
older, Caucasian, married, and more educated. Caucasian
race, maternal age greater than 25 years, and education
beyond high school are predictors for antidepressant use
during pregnancy (38).

The majority of the recent increase in preterm births in
the United States is attributable to late-preterm neonates,
564
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with the mortality rate similar to that for early-preterm in-
fants. The relationship of preterm birth to depression and
SSRI exposures must be clarified. Categorization of pre-
term births as due to obstetrical complications versus
spontaneous preterm labor or membrane rupture would
be an informative next step.

Contrary to our expectations, neonatal signs other than
5-minute Apgar scores did not differ between infants with
continuous SSRI exposure and unexposed infants. A po-
tential explanation for disparate findings across studies is
that the study groups were treated with varying propor-
tions of individual SSRI agents. The pharmacological
characteristics of individual SSRIs result in different ef-
fects on neonatal outcomes (22). The substantial majority
of reports of SSRI-related neonatal syndrome involve par-
oxetine (22, 39), which has a short half-life, strong affinity
for muscarinic receptors, and potent inhibition of seroto-
nin reuptake. Costei et al. (26) reported that 22% of neo-
nates exposed to paroxetine had complications that re-
quired intensive treatment. Both serotonin withdrawal
and cholinergic overdrive may occur in paroxetine-ex-
posed newborns (22).

Fluoxetine, with a long half-life and active metabolite, is
the second most frequent agent associated with neonatal
syndrome (22). The highest reported rates for neonatal
syndrome after in utero exposure were 31% (25) in a group
exposed only to fluoxetine and 30% (40) among infants ex-
posed to paroxetine (62%) or fluoxetine (20%). In a study
by Oberlander et al. (15) in which SSRI-exposed infants
had feeding problems and respiratory distress, the major-
ity of exposures were to paroxetine (44.7%) and fluoxetine
(27.2%). Our group of women exposed to SSRIs continu-
ously included only two (4%) treated with paroxetine and
10 (21%) treated with fluoxetine.
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This investigation has several strengths. First, it is a pro-
spective observational study of women with major de-
pressive disorder who either had treatment with SSRIs or
were untreated and experienced depression (both groups
were divided into women with continuous and partial ex-
posures), who were compared to a unexposed group. Sec-
ond, unlike the majority of investigations, this study con-
firmed SSRI exposure by maternal serum assay. Third,
assessments of maternal and infant outcomes were per-
formed by blind raters. Finally, smoking rates did not differ
across groups, and women with diagnosed alcohol abuse
or dependence, a positive urine drug screen, or any expo-
sure to FDA class D or X agents were excluded.

The weaknesses of this study include the difference in
demographic characteristics (age, race, education, and
marital status) among the exposure groups. Although ad-
justments for age and race were made, ideally these char-
acteristics are equally distributed among groups through
randomization, which was not ethical with this pregnant
population. Second, a larger study group would have al-
lowed us to be more accurate in dividing the SSRI group
into categories based on response of the depression to
treatment, although the mean scores for depressive symp-
toms and functioning for the group with continuous SSRI
exposure supported benefit from treatment. Also, larger
prospective studies would provide enough subjects to
evaluate outcomes related to individual SSRIs.
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