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ABSTRACT: To investigate the possible effect of fetal exposure to
selective serotonin reuptake inhibitors (SSRIs) on somatic growth
and on hormones of the hypothalamic-pituitary-adrenal (HPA) and
insulin-like growth factor (IGF)-I axes, we compared the anthropo-
metric parameters and hormonal profile of 21 SSRI-exposed infants
and 20 matched controls. The SSRI group was characterized by lower
crown-heel length (»p < 0.01), smaller head circumference (p =
0.08), and higher percentage of infants with birth weight, birth
length, and head circumference below the 10th percentile (p < 0.045,
p = 0.08, p < 0.04, respectively), in addition to a significantly lower
cord blood level of cortisol (p < 0.03) and higher level of thyroid-
stimulating hormone (TSH) (p < 0.004). Infants exposed to citalo-
pram had a lower cord blood IGF-I level than infants exposed to
paroxetine (p < 0.001) and controls (p < 0.003). Placental IGF-I
receptor (IGF-IR) expression was significantly higher in the SSRI
group than in controls (p < 0.01). Urine 5-hydroxyindoleacetic acid
(5-HIAA) level was negatively correlated with birth weight (r =
—0.71, p < 0.025) and with dehydroepiandrosterone (DHEA) level
(r = —0.71, p < 0.025). The Finnegan score was correlated with
dehydroepiandrosterone sulfate (DHEAS) (r = 0.8, p < 0.005) and
cortisol (r 0.62, p = 0.05). Fetal exposure to SSRIs causes
impaired intrauterine growth accompanied by alterations in the IGF-I
and HPA axes. The findings may raise concern regarding maternal
use of SSRIs during pregnancy. (Pediatr Res 65: 236-241, 2009)

he reported prevalence of depression in women of child-

bearing age and during pregnancy ranges from 10 to 15%
(1-3). Treatment usually consists of selective serotonin re-
uptake inhibitors (SSRIs), especially citalopram, fluoxetine,
paroxetine, sertraline, and fluvoxamine. However, their safety
for the fetus has not been fully established. Findings regarding
major congenital malformations are conflicting (4—6). Several
recent studies suggest that although individual SSRIs may
confer an increased risk of some specific birth defects (as
expressed by the odds ratios), there is only a slight effect on
absolute risk (7-9). Others observed that third-trimester intake
of SSRIs accounts for symptoms of poor neonatal adaptation
(10-14) and, consequently, higher-than-normal rates of ad-
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mission to neonatal special care and intensive care units
(10,15). According to a 2005 literature review, SSRI exposure
is associated with an overall risk ratio of 3.0 (95% CI,
2.0—4.4) for neonatal behavioral syndrome (12); one study
also reported an alarming complication of persistent infantile
pulmonary hypertension (16). It remains unclear, however, if
these symptoms are a manifestation of abrupt drug withdrawal
at delivery or of serotonergic overstimulation during preg-
nancy. Studies have shown that maternal SSRI intake during
pregnancy induced a significant reduction in cord blood levels
of serotonin and 5-hydroxyindoleacetic acid (5-HIAA) (1,17).
Laine et al. (1) reported that the cord blood 5-HIAA level was
inversely and significantly correlated with the clinical seroto-
nergic symptom score and attributed this finding to the in-
crease in central nervous system (CNS) serotonin activity.
The question of whether in utero exposure to SSRIs affects
birth weight and/or length and head circumference is also
unresolved. Some studies noted decreased values of these
parameters (18-21), whereas others did not (1,2,5). Growth
attenuation accompanied by impaired growth hormone (GH)
secretion was also reported in four children and adolescents
treated with SSRIs for various psychiatric disorders (22).
Insulin-like growth factor-I (IGF-I), a GH- dependent hor-
mone, is known to play a major role in fetal growth (23,24),
but there is limited information on the response of the fetal
IGF-I/GH axis to maternal SSRI intake, or the response of the
fetal hypothalamic-pituitary-adrenal (HPA) axis, which is in-
volved in serotonin regulation of cortisol and adrenocortico-
tropic hormone (ACTH) secretion (25-27). In a sheep model,
fetal plasma ACTH and cortisol significantly increased after
chronic maternal fluoxetine administration (26), raising con-
cerns of fetal exposure to excess glucocorticoids at critical
periods during development. Human epidemiologic observa-
tions and animal studies have shown that under suboptimal in
utero conditions, individual tissues and organ systems can be
programmed, with adverse consequences for their function in
later life (28 -30). Fetal programming of the HPA axis may be

Abbreviations: DHEA, dehydroepiandrosterone; DHEAS, dehydroepi-
androsterone sulfate; 5-HIAA, 5-hydroxyindoleacetic acid; HPA, hypotha-
lamic-pituitary-adrenal; IGF-IR, insulin-like growth factor-I receptor; SSRIs,
selective serotonin reuptake inhibitors
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one of the long-term changes that link reduced fetal growth
and low birth weight with adult cardiovascular disease, hy-
pertension, impaired glucose tolerance, and insulin resistance
(the metabolic syndrome) (30).

The objective of the present study was to assess the short-term
outcome (neonatal adaptation, anthropometry, level of stress
hormones, and growth factors) of newborns exposed to different
SSRIs during fetal life and to examine possible physiologic
associations among these variables. Because SSRIs modify the
level of hypothalamic 5-HT and other catecholamines that play a
role in the regulation of pituitary hormones, we considered it
important to evaluate their role on the hormonal profile of
exposed neonates.

METHODS

Patients. The study sample consisted of 41 women who gave birth to
singleton infants at Rabin Medical Center from July to December 2005.
Twenty-one women took SSRIs during the entire pregnancy, and 20 were
healthy and did not take SSRIs or other medications (comparison group). The
two groups were matched for gestational age (=1 wk). Women with diabetes,
chronic hypertension, and cardiovascular diseases were excluded from par-
ticipation in the study.

Procedure. A detailed questionnaire covering anthropometry, medical
illnesses, and medications during pregnancy was completed for each partic-
ipant after delivery. No data were available on the severity of the maternal
depression or maternal socioeconomic status. Just before delivery, 10 mL of
cord blood were drawn for measurement of the following hormones: thyroid-
stimulating hormone (TSH), IGF-I, prolactin, cortisol, and dehydroepiandro-
sterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS). In addition,
immediately after delivery, placental tissue was collected from 12 control and
10 SSRI-exposed women for measurement of placental IGF-I receptor (IGF-
IR) expression.

A urine sample was obtained from each newborn in the first 12-24 h of life
for measurement of 5-HIAA. The SSRI group was followed after birth
according to our standardized protocol for drug-exposed infants: medical staff
observation for at least 48 h with the infant naked in the incubator, and
continuous recording of the vital signs and symptoms included in the
Finnegan score, an accepted method for monitoring onset, progression and
improvement of neonatal abstinence syndrome in passively exposed neonates
(31). The score lists 21 symptoms related to CNS, metabolic/vasomotor/
respiratory, and gastrointestinal disturbances commonly seen in exposed
neonates. The scores for each symptom are added to yield a total score. A
repeated score higher than eight is considered an indication for pharmaco-
therapy. The control infants were examined once a day by one of the authors
(D.P.) until discharge. In all infants, birth weight, crown-heel length, and head
circumference were measured and plotted against the department’s newly
developed growth references (32), according to our routine procedure.

The study protocol was approved by the Ethics Committee (Helsinki) of
Rabin Medical Center. Written informed consent was obtained from all
participants in the delivery room, before enrollment in the study.

Laboratory determinations. Cord blood (artery) and placental tissue sam-
ples were frozen on dry ice and maintained at —70°C until assayed. Neonatal
urine samples were maintained at 4°C until assayed.

DHEA was determined with the DSL 9000 Active™ DHEA-coated tube
RIA kit (Diagnostic Systems Laboratories, Webster, TX): sensitivity 0.07
nmol/L; specificity-cross-reactivity with DHEA-S 0.88%, all others negligi-
ble; assay variability 10.2% between runs, 5.6—10.6% within runs, according
to level.

DHEAS was determined with the DSL-3500 Active™ DHEA-S-coated
tube RIA kit (Diagnostic System Laboratories): sensitivity 46 nmol/L; spec-
ificity-cross-reactivity with DHEA 41%; assay variability 10% between runs,
6.3-9.4% within runs, according to level.

Cortisol was determined with the Cortisol-TKCO1 Coat-A-Count kit
(Diagnostic Products Corporation, Los Angeles, CA): sensitivity 5.54 nmol/L;
specificity-cross-reactivity: with prednisolone 76%, 11-deoxycortisol 11.4%,
prednisone 2.3%, cortisone and corticosterone 1%, all others - <0.3%; assay
variability 4.0—6.4% between runs, 3—4.8% within runs, according to level.

TSH was determined with the DSL-5300 Active™-coated tube immuno-
radiometric assay kit (Diagnostic Systems Laboratories): sensitivity 0.03
mclU/mL; specificity-cross-reactivity with similar hormones, negligible; as-

say variability 3.3-9.2% between runs, 1.7-4.7% within runs, according to
level.

Prolactin was determined with the DSL-4500 Active™-coated tube im-
munoradiometric assay kit (Diagnostic Systems Laboratories): sensitivity: 0.1
ng/mL; specificity-cross-reactivity with similar hormones, negligible; assay
variability 4.6-11.2% between runs, 1.7-4.4% within runs, according to
level.

IGF-I was determined with the DSL-2800 Active™ nonextraction IGF-I-
coated tube immunoradiometric assay kit (Diagnostic Systems Laboratories):
sensitivity 2.06 ng/mL; specificity-cross-reactivity with similar hormones,
negligible; assay variability 4.2-7.4% between runs, 3.9-7.0% within runs,
according to level.

Western blot for IGF-IR. To measure IGF-IR protein expression, total
protein lysates from human placenta were extracted with lysis buffer (150 mM
NaCl, 5 mM ethylenediaminetetraacetic acid, 1% Nonidet P-40, 0.5% sodium
deoxycholate, 1 mM Na2VO4, 200 mM HEPES, and 50 mMNaF). The
proteins were cleared by centrifugation at 14,000 X g for 20 min at 4°C.
Protein concentration was determined with the BCA kit (Pierce Biotechnol-
ogy, Rockford, IL). For Western blot analysis, 50 ug protein from each
sample were resolved on 7.5% sodium dodecyl-sulfate PAGE (SDS-PAGE).
Electroblotted proteins were detected using polyclonal anti-IGF-IR antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) polyclonal antiactin antibody or
monoclonal antiactin antibody (Biomeda, Burlingame, CA). Bound antibodies
were visualized using chemiluminescence reaction (Pierce).

High performance liquid chromatography for 5-HIAA. Urine 5-HIAA
was assayed in random urine samples and reported in micrograms per
milligram creatinine. All analyses were performed on a high performance
liquid chromatography system using an LC-4C electrochemical detector
(BAS, Tokyo, Japan). Separation was achieved on a Lichrochart column
(RP-18, 125-4; Merck, Damstadt, Germany) at 35°C, with chloracetic acid
containing 8% methanol, pH 3, as the mobile phase.

The day-to-day variation (expressed as CV%) was 3.8% at 3.12 ug/mL
and 5.7% at 28.9 ug/mL.

Statistical analysis. Student ¢ test and analysis of variance were used to
compare continuous variables between the groups, and Fisher exact test or x*
test, as appropriate, was used to compare categorical values. Univariate
correlation coefficients controlled for gestational age (partial correlation) were
calculated to express the association between the anthropometric measure-
ments and the level of the hormones. Hormone levels were expressed as
mean * SEM with 95% confidence intervals for the mean differences; p <
0.05 was considered statistically significant. Statistics were performed using
SPSS 10-0 (SPSS, Chicago, IL).

RESULTS

The SSRIs were administered throughout the entire preg-
nancy: eight mothers (38%) received paroxetine, seven (33%)

Table 1. Maternal and neonatal characteristics (mean = SEM) in
the SSRI-exposed and control groups

SSRI Control P
Number 21 20
Age (yr) 30.4 (1.0) 29.0 (0.96) NS
Weight before (kg) 62.7 (2.8) 64.5 (4.1) NS
Weight gain (kg) 11.9(1.3) 13.2(1.1) NS
Height (cm) 163.8 (1.2) 165.4 (1.2) NS
Body mass index 234 (1.1) 23.5(1.4) NS
Gestational age (wks)
Mean 38.6 (0.29) 38.9 (0.32) NS
Range 36-40 36-41
Sex—male:female 12:9 10:10 NS
Birth weight (g) 3173 (83) 3333 (72) NS
Birth length (cm) 49.0 (0.35) 50.4 (0.32) 0.008
Head circumference (cm) 33.8 (0.23) 34.4 (0.17) 0.08
Birth weight <10th 6(29) 1(5 0.045
percentile (%)
Birth length <10™ 3(14) 0 0.08
percentile (%)
Head circumference 4(19) 0 <0.04
<10th percentile (%)
Discharge day 3.9(0.3) 2.7(0.3) 0.005
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fluoxetine, and six (29%) citalopram. All infants were deliv-
ered spontaneously, and none had a congenital malformation.

No between-group differences were noted in gestational age
or maternal background characteristics (Table 1), or maternal
gravidy (p = 0.2), parity (p = 0.2), or smoking habits (p =
0.6). None of the women consumed alcohol during pregnancy.
Although mean birth weight did not differ between the groups
significantly, more neonates in the SSRI group had a birth
weight below the 10th percentile for age (p < 0.05). The SSRI
group was also characterized by a significantly lower mean
birth length (p < 0.008) and lower mean head circumference
(p = 0.08), and a greater percentage of neonates with birth
length and head circumference below the 10th percentile (p =
0.08, p < 0.04, respectively). The Finnegan score in the SSRI
group ranged from 1 to 11 (median 3). The most frequent
symptoms were regurgitations, constant crying, and jitteriness.
One infant was transferred to the neonatal intensive care unit
because of convulsions. Discharge was delayed in the SSRI
group compared with the control group (p < 0.005).

Table 2 summarizes the hormone profiles. Compared with
controls, the SSRI group was characterized by significantly
lower levels of cord blood cortisol (p < 0.03) and significantly
higher levels of cord blood TSH (p < 0.004), and it contained
a significantly higher percentage of newborns with TSH levels
of more than 15 ng/mL (38% versus 5%, p < 0.01). Analysis
by sex showed that male infants in the SSRI group had lower
levels than male controls of DHEAS (3527 *+ 539 versus
6153 = 857 nmol/L, p < 0.02) and IGF-I (78 = 20 versus
129 = 19 ng/mL, p = 0.08).

Analysis of variance between the control group and the
SSRI-exposed infants subdivided by the specific drug used
yielded a statistically significant difference in cord blood
IGF-I level (F = 4.7, p < 0.001) (Fig. 1). Post hoc tests
revealed a significant difference in cord blood IGF-I between
the citalopram and paroxetine subgroups (36 = 10 ng/mL,
versus 143 = 21 p < 0.001) and between the citalopram
subgroup and the control group (p < 0.003). There was also a
borderline significant difference between the citalopram and
fluoxetine subgroups (93 *= 23 ng/mL, p = 0.07, 95% CI
—121.4-5.9). No differences were observed between infants
exposed to paroxetine or fluoxetine, or between each of these
subgroups and the control group.

Although there was no significant difference in mean birth
weight, birth length, or head circumference between the cita-
lopram and paroxetine subgroups, the citalopram-exposed
neonates were smaller by a mean of 338 g in birth weight

(95% CI —74-749), 1.06 cm in length (95% CI —0.56-2.68),
and 0.54 cm in head circumference (95% CI —0.65-1.73).
Given these estimate intervals, we could not rule out the
possibility of inadequate power to reject the null hypothesis of
no difference. It is noteworthy that of the four SSRI-exposed
infants born at 36 wk, two were in the paroxetine subgroup,
and two in the fluoxetine subgroup.

Figure 2 illustrates the effect of SSRI therapy on the ex-
pression of placental IGF-IR. The overall expression of
IGF-IR was markedly increased in the SSRI group compared
with controls (p < 0.01), although cord blood IGF-I did not
differ between the groups. When evaluated by sex, there was
a significant between-group difference for the male neonates
(p < 0.04) but not for the females (p = 0.09).

On univariate analysis in the SSRI group, the Finnegan
score was correlated with placental IGF-IR, DHEAS, and
cortisol (Fig. 3). Urine 5-HIAA was negatively correlated with
DHEA and DHEAS (r = —0.69, p < 0.025) and with birth
weight (r = —0.71, p < 0.02). Birth weight correlated with
IGF-1(r = 0.7, p < 0.025) and DHEAS (r = 0.65, p < 0.045).
None of these correlations was significant in the control group.
No significant correlation was found between levels of IGF-I
and IGF-IR.

DISCUSSION

The reports on fetal growth during SSRI exposure are
conflicting (1,2,18,21). Some authors noted no difference be-
tween SSRI-exposed infants and controls in mean birth
weight, birth length, or head circumference, or between SSRI-
exposed infants with and without transient neonatal symptoms
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Figure 1. IGF-I cord blood concentration (ng/mL) by type of SSRI (mean * SEM).
*citalopram vs. paroxetine (p < 0.001) and control (p < 0.003). ** citalopram vs.
fluoxetine p = 0.07.

Table 2. Hormonal profile of the SSRI-exposed and control groups (mean = SEM)

SSRI Control Mean Difference 95%Cl1 )4
Prolactin (ng/mL) 682 (75) 543 (50) 139.6 (90.7) —44.1-323.4 NS
Cortisol (nmol/L) 3991 (532) 5825 (595) —1834 (800) —3456-—212.7 <0.03
DHEA (nmol/L) 61.3 (3.8) 57.3 (4.4) 3.9(5.7) —7.6-15.6 NS
DHEAS (nmol/L) 4376 (576) 4965 (537) —589 (789) —218.6-1008 NS
TSH (ng/mL) 13.7 (1.2) 9.5(0.5) 4.1 (1.4) 1.4-6.9 <0.004
IGF-I (ng/mL) 96.1 (14.6) 119.9 (13.4) —23.8(19.8) —63.9-16.4 NS
Urine 5-HIAA (ng/mL) 12.7 (0.7) 14.0 (1.0) —-1.3(1.2) =3.7-1.1 NS

DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone sulfate; TSH, thyroid-stimulating hormone; IGF-I, insulin-like growth factor-I; 5-HIAA,5-

hydroxyindoleacetic acid.
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Figure 2. IGF-IR expression in the SSRI and control groups (mean = SEM). A. Whole tissue lysates were prepared from placentas of male and female infants
born to healthy mothers (lanes 1-12) or mothers treated with SSRIs (lanes 13-22). Western blot analysis was used to identify IGF-1 receptor (upper panel), or
antiactin (lower panel). The blot was scanned, and quantification of the relative IGF-1 receptor protein levels is presented graphically. *p < 0.01 B. Blots shown
in A representing the male placentas (left panel) were scanned. Quantification of the relative IGF-1 receptor protein levels is presented graphically. **p < 0.04. C. Blots
shown in A representing the female placentas (right panel) were scanned. Quantification of the relative IGF-1 receptor protein levels is presented. +p = 0.09.

(1,2). Nevertheless, all three measurements were lower in the
SSRI group (A weight = —97 g, A length = —0.3 cm, A head
circumference = —1.0 cm) (2).

In our study, mean birth length and head circumference of
infants exposed to maternal SSRI during pregnancy were
lower than control values. In addition, more infants in the
SSRI group had a birth weight, birth length, and head circum-
ference below the 10th percentile for age. These differences
cannot be attributed to gestational age, which was similar in
the two groups.

In support of our findings, a recent population-based study
from British Columbia reported that infants of mothers treated
with SSRIs had a significantly lower birth weight and gesta-
tional age than nonexposed controls. Although maternal de-
pression alone may influence fetal growth and hormonal pro-
file, a comparison of infants of depressed mothers treated with
SSRIs and control infants of untreated mothers with matching
propensity scores yielded a significantly elevated incidence of
birth weight below the 10th percentile for gestational age in
the treated group (18).

The reduced birth weight of infants exposed to SSRI in
utero has several possible explanations: a) The SSRI group
may have had a decreased gestation and/or a higher incidence
of premature birth, which may have confounded the analysis
of mean birth weight. b) SSRI exposure may have induced an
increase in plasma serotonin level, which could lead to a

=

reduction in uterine blood flow and, in turn, reduced delivery
of oxygen and nutrients to the fetus (33). However, this
explanation disagrees with the lower-than-normal cord blood
serotonin levels in SSRI-exposed neonates reported by Laine
et al. (1). ¢) Serotonin and SSRIs may have a direct effect on
the growing skeleton and bone homeostasis through their
effects on osteoclast differentiation and formation (34,35).
This explanation is supported by the observation that growing
mice treated with SSRIs had impaired bone mineral accrual
because of a reduction in bone formation (36). In a clinical
case series of four children treated with SSRIs for various
psychiatric disorders for 6 mo-5 y, Weintrob et al. (22) noted
a decrease in growth rate, possibly secondary to suppression
of GH secretion. This preliminary evidence raises concerns
regarding the influence of SSRI intake during pregnancy on
the growing fetal skeleton.

In general, the postulated effects of serotonin on anterior
pituitary secretion include stimulation of GH and prolactin
and stimulation or inhibition of ACTH, gonadotropins, and
TSH (27). Nevertheless, although acute administration of
SSRIs increases the secretion of ACTH, corticosterone, and
prolactin, their long-term administration causes no consistent
alterations (37).

Fetal glucocorticoids are derived from the mother by a
maternofetal concentration gradient until the fetal adrenal
cortex is activated (28,29,38). Overexposure to maternal glu-

.
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Figure 3. Relationship between the Finnegan score and (A) IGF-IR (r = 0.79, p < 0.006), (B) DHEAS (r = 0.8, p < 0.005), (C) cortisol (r = 0.62, p = 0.05)

and (D) DHEA (r = 0.59, p = 0.07).
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cocorticoids in utero has been shown to retard growth in
mammals and human (38,39). Therefore, by modulating IGF-I
and IGF binding protein 1 (IGFBP-1) secretion under condi-
tions of fetal stress, cortisol may be regarded as one of the
physiologic regulators of fetal growth (40).

There is only limited information about the influence of
maternal SSRI treatment on the fetal HPA system. Using a
sheep model, Morrison et al. (26) demonstrated a significant
increase in fetal plasma ACTH and cortisol levels after 6-8 d
of fluoxetine infusion. We found that prolonged fetal exposure
to SSRIs was associated with a significant decrease in cord
blood cortisol level. Our result of low cortisol in the SSRIs-
exposed neonates is supported by a recent publication of
Oberlander et al. (41) comparing 31 3-mo-old infants with
prenatal SSRI exposure with 45 non-SSRI-exposed infants.
Prenatal SSRI exposure was associated with altered HPA
stress response pattern and reduced basal cortisol levels. These
observations suggest an early “programming” effect of prena-
tal SSRI exposure. Our results of low cortisol are also in line
with earlier findings of significantly lower cord blood cortisol
levels in small-for-gestational-age than appropriate-for-
gestational-age infants (38,40).

Possible explanations for the lower cortisol levels are pro-
longed fetal stress with inadequate maturation of the HPA
axis, delayed decline in placental 11 beta-hydroxysteroid de-
hydrogenase type 2 activity, and a small, insufficient placenta
due to intrauterine growth retardation in fetuses with altered
hormonal metabolism. Our findings of a positive correlation
between the Finnegan score and placental IGF-IR, DHEAS,
cortisol, and DHEA (Fig. 3) as well as the inverse association
between urine 5-HIAA and DHEA/DHEAS have never been
reported. DHEA and its sulfate ester, DHEAS, act as modu-
lators of several neurotransmitter systems including serotonin
(42). However, both stimulatory and inhibitory effects have
been reported under different experimental conditions. In mice
models fed with DHEA supplemented diet, increased or de-
creased serotonin synthesis and turnover were noted at differ-
ent doses and in different brain regions (42). The significant
inverse correlation between urine 5-HIAA and DHEA/
DHEAS in the present study may suggest increased brain
serotonin activity. This, in turn, might be associated with a
higher Finnegan score. The specific role of these hormones in
SSRI-exposed neonates has yet to be determined.

To the best of our knowledge, our study is the first to
measure IGF-I and placental IGF-IR expression in neonates
exposed to SSRIs in utero. Although cord blood IGF-I level
did not differ between the two groups, separate analysis by
gender revealed a lower IGF-I level in the male infants
exposed to SSRIs than in the male controls. Within the SSRI
group, values were lower in infants exposed to citalopram than
in infants exposed to paroxetine (p < 0.001) or fluoxetine
(p = 0.07). The neonates exposed to citalopram were also
smaller (p = 0.08 for weight). The lack of statistical signifi-
cance might be attributable to inadequate sample size and type
2 error. We speculate that the elevated level of placental
IGF-IR expression in the SSRI group represents a compensa-
tory mechanism for the low IGF-I or cortisol to enhance
growth.

Regarding thyroid hormones, SSRIs have been found to
significantly decrease triiodothyronine (T3) and thyroxine
(T4) levels and to slightly increase TSH levels in subjects
treated for major depression (43), but their effect in fetuses has
not been investigated. In our study, cord blood TSH level was
significantly higher in the SSRI group. None of the SSRI-
exposed neonates had symptoms of congenital hypothyroid-
ism, and all had normal TSH levels on the national thyroid
screening program. Nevertheless, the finding of a cord blood
TSH level of >15 ng/mL in 38% in the study group warrants
further research on the potential effect of maternal SSRI
treatment on neonatal T3 and T4 function.

In our study, the most frequent symptoms in the infants
exposed to SSRIs in utero were regurgitations, constant cry-
ing, and jitteriness. However, the Finnegan scores were rela-
tively low, and only one infant was transferred to the special
care nursery (because of convulsions).

The main limitation of our study, apart from the relatively
small number of infants, was our inability to control for the
effect of maternal depression itself, rather than the SSRIs, on
the anthropometric measurements. Another limitation was our
failure to obtain maternal blood at the time of delivery to
investigate the possible association between maternal and
neonatal hormonal concentrations.

In summary, our study shows that SSRI exposure in
utero is associated with impaired fetal growth. This was
particularly true in neonates of mothers treated with cita-
lopram. Cortisol, as well as IGF-I and placental IGF-IR
expression, may play a role in this effect. Hormones such as
glucocorticoids, IGF-I, and thyroxine act as nutritional and
maturational signals to adapt fetal growth and development,
with possible adverse consequences for later life. Our
findings may be added to the list of known side effects of
SSRIs and should raise additional concerns about the use of
SSRIs during pregnancy. Further follow-up studies are
needed to determine their clinical importance.
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