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Abstract

Background—Prenatal exposure to stress and selective serotonin reuptake inhibitors (SSRIs) 

alter hypothalamic–pituitary–adrenal (HPA) stress reactivity in offspring, however, the effects of 

combined exposure to HPA activity in human infants is unknown.

Objective—To examine HPA basal levels and stress responsiveness in 3-month olds with 

prenatal exposure to SSRIs.

Methods—Salivary cortisol levels in infants of SSRI treated mothers (n=31, mean exposure 

230.2± 72.2 days) were compared with non-SSRI exposed (n=45) infants in response to a 

challenge (infant-controlled habituation task) and under basal conditions in the late afternoon/early 

evening. Mode of feeding, to account for possible postnatal drug exposure via breast milk, as well 

as measures of pre and postnatal maternal mood, were included as covariates.

Results—Lower post-stress cortisol levels were observed in non-SSRI exposed/non-breastfed 

infants compared with non-SSRI exposed infants who were breastfed at 3 months of age. Stress 

reactivity patterns among SSRI exposed infants did not differ with mode of feeding. The cortisol 

reactivity slope (CRS) was significantly lower among non-SSRI exposed non-breastfed infants 

compared with non-SSRI exposed breastfed infants. Early evening basal cortisol levels were lower 

in SSRI exposed infants than in non-SSRI exposed infants, controlling for maternal mood and 

mode of feeding. Postnatal SSRI exposure (infant SSRI drug levels) via breast milk was not 

associated with stress or basal cortisol levels. Total cortisol, reflected by the AUC measure, did not 

differ significantly between exposure groups.
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Conclusions—Prenatal SSRI exposure altered HPA stress response patterns and reduced early 

evening basal cortisol levels. Stress challenge HPA response differences only became apparent 

when the moderating effect of method of feeding was accounted for. These findings suggest an 

early “programming” effect of antenatal maternal mood, prenatal SSRI exposure and postnatal 

maternal care giving on the HPA system.
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1. Introduction

The development and function of the hypothalamic–pituitary–adrenal (HPA) and the 

serotonergic (5HT) regulatory systems are highly interrelated [1] and are exquisitely 

sensitive to the effects of early adverse experience [2]. Among the earliest adverse 

experiences is exposure to maternal depression during pregnancy, which alters HPA and 5-

HT function and potentially sets a life course of vulnerability to illness [3–5]. While, 

antenatal exposure to stress in animal models and to maternal mood disorders in humans 

might not constitute similar etiological or phenomenological adverse experiences, they both 

appear to share a final common pathway that affects HPA function in offspring, possibly via 

altered 5HT levels. In animals, prenatal and early postnatal stress is associated with 

increased corticosterone responses to mild stressors in adulthood [6], mediated by altered 

5HTand 5HTreceptors [7]. In humans, offspring of depressed and anxious mothers may have 

an increased risk for neonatal neurobehavioral [4] and physiological disturbances, such as 

increased cortisol and norepinephrine levels and lower dopamine and 5-HT levels [8]. 

Central 5HT plays a key role in regulating the HPA system, and in turn, HPA hormones 

modulate 5-HT function [9,10]. Importantly, prenatal stress in animal models lowers plasma 

and hippocampal serotonergic activity [11,12] leading to reduced HPA adaptation to 

stressors [13].

Increasingly, the use of selective (and non-selective) serotonin reuptake inhibitor (SSRI) 

antidepressants which act by blocking the reuptake of 5HT, thereby increasing levels of 

central 5HT, are used to manage maternal mood disorders during pregnancy [14], raising 

concerns that such exposure may alter HPA development and function in offspring. 

Depression has been characterized by increased HPA activity and resistance to suppression 

of cortisol by dexamethasone [15] and SSRI antidepressants, which potentiate central 5HT 

activity, are thought to “normalized” HPA function [16]. In an animal model, Ishiwata et al. 

[17] observed that early postnatal SSRI (fluoxetine) treatment of prenatally stressed mice 

“normalized” corticosterone responses to a subsequent stressor, increased 5HT turnover in 

the hippocampus and restored the ability to learn spatial information compared with the 

effects of exposure to prenatal stress alone. This might be analogous to a “normalized” HPA 

activity that may following SSRI antidepressant treatment secondary to increased 

glucocorticoid receptor (GR) and GR mRNA levels [16]. To date, such effects have not been 

examined in humans following gestational antidepressant exposure. However, given 

serotonin's role as a trophic developmental signal [18], mediating hippocampal GR 

expression and subsequent HPA stress reactivity, changes in basal or stress HPA function 
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following prenatal exposure to maternal depression alone or together with SSRI medication 
may occur.

Given the highly interrelated nature of the serotonergic and HPA systems, it is conceivable 

that prenatal SSRI exposure will lead to altered HPA regulation in human infants. The 

following study was undertaken to examine the effects of prenatal SSRI exposure on HPA 

activity, indexed by salivary cortisol levels, at 3 months of age in two settings: first, during a 

stress challenge (infant-controlled habituation and novelty response procedure) and second, 

under basal conditions in the late afternoon/early evening. Further, as some infants at 3 

months also received postnatal SSRI exposure via breastfeeding, we examined the potential 

influence of mode of feeding and related infant drug levels as possible confounding 

variables. We hypothesized that prenatal SSRI exposure would have long term effects on 

HPA basal function and stress reactivity, even when accounting for SSRI drug levels at 3 

months (i.e. via postnatal exposure in breastfeeding infants) and depressed maternal mood.

2. Methods

2.1. Subjects

With approval from the University of British Columbia Research Ethics Board, Children's 

and Women's Health Centre of British Columbia Research Review Committee, and informed 

parent consent, a cohort (n=98) of mothers was recruited during the second trimester of 

pregnancy as part of a study of effects of SSRI antidepressant medication exposure on 

infants during and following pregnancy. Mothers were included in the study if no other 

psychotropic, serotonergic or antidepressant medications were used during their 

pregnancies. Of the mothers recruited during their second trimester, 81 mothers and infants 

continued to the 3-month study (17 mothers moved or withdrew for personal reasons), and 

five infants could not be included in the final data analysis due to insufficient saliva samples 

at 3 months, leaving 76 infants, 45 in the control (non-SSRI exposed) group and 31 in the 

SSRI exposed group. All mothers in the SSRI treated group, with the exception of two who 

started medication during their third trimester, were already on medication at the time of 

recruitment, and all continued on medication up to the time of delivery (Table 1). The 3-

month age was specifically selected for this study of HPA system function because by 3 

months, infants have established regularized state cycles and have an increasing capacity for 

sustained attention, which are crucial for the infant's emerging capacity to regulate stress 

reactivity and interaction with the environment [19]. Because maternal mood varied over 

time among all mothers regardless of their original medication group assignment, maternal 

mood was considered a continuous rather than a categorical exposure variable that may have 

influenced infant behavior across all infants, regardless of SSRI exposure status and was 

controlled for maternal mood in all analyses. Further, mode of feeding was included as a 

covariate, as infant outcomes could have been potentially influenced by postnatal SSRI 

exposure via breastfeeding. Non-breastfeeders were defined as infants who had never been 

breastfed or for whom, at the time of the study, breast milk was reported by their mothers to 

constitute <75% of their daily diet (termed non-breastfed group).
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2.2. Procedure

Cortisol was collected at 3 months of age under two different conditions: 1) Cortisol stress 

reactivity was evaluated using saliva obtained before, during and following an infant-

controlled information processing task lasting approximately 20 min, followed by a mother–

infant interaction task [20,21]. Testing took place with the infant in an awake alert state [22] 

in the morning (11:49±.07 h), mean of 103±51 min from last feed (p>0.5 for group 

differences). Saliva was collected at three time points: during a quiet awake alert period 10 

min before the start of the information processing task (Baseline); approximately 40 min 

(39.2±14.0 min) after the onset of the task (Stress1, S1), and approximately 35 min 

(34.0±15.2 min) after the S1 sample (Recovery). 2) On a separate day, cortisol was obtained 

in the late afternoon/early evening (17:59±0.07 h) under basal conditions at home. Mothers 

were instructed to collect saliva within a 3-week period following the day of the 3-month 

habituation study visit. This sample was collected on a day separate from the stress 

challenge day to ensure that this basal measure would not be influenced by the trip to our 

laboratory or the study itself.

2.3. Salivary cortisol

Saliva was collected by placing a dental roll (Sullivan Dental Products, St. Laurent, Quebec) 

in the infant's mouth, for 3 min. Saliva was then extracted from the dental role by 

centrifugation at 3000 rpm for 6 min, and stored at −20 °C until assayed using the 

Salimetrics High Sensitivity Salivary Cortisol Enzyme Immunoassay Kit for quantitative 

determination of salivary cortisol (Salimetrics LLC, Philadelphia, PA) at the University of 

British Columbia (Weinberg laboratory). Intra and inter assay coefficients of variation were 

2.92% and 3.41%, respectively.

2.4. Maternal mood

During pregnancy, maternal mood was assessed at the time of study enrollment (late 2nd and 

mid 3rd trimester), and at 3 months postpartum using three instruments, the Hamilton Rating 

Scale for Depression (HAM-D) and Anxiety (HAM-A) and the Edinburgh Postnatal 

Depression Scale. The Hamilton Rating Scale for Depression (HAM-D) [23] is a 21-item 

clinician-administered scale that measures the severity of depression in adults. Scores on this 

scale have a possible range of 0–63, with higher scores being associated with higher levels 

of depression. Scores ranging from 0–7 suggest no or minimal levels of depression, 8–17 

indicate mild depression, 18–25 suggest moderate depression, and scores of 26 and above 

are associated with severe depression. The Hamilton Rating Scale for Anxiety (HAM-A) 

[24] is a 14-item clinician-administered scale that measures the severity of anxiety. Total 

scores on this scale have a possible range of 0–56, with higher scores being associated with 

higher levels of anxiety. Scores ranging from 0–7 suggest no or minimal levels of anxiety, 8–

17 indicate mild anxiety, 18–25 suggest moderate anxiety, and scores of 26 and above are 

associated with severe anxiety. The Edinburgh Postnatal Depression Scale (EPDS) [25] is a 

10-item, patient-rated instrument used to assess symptoms of depressed mood in both 

prenatal and postnatal settings [34].
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2.5. Pharmacological data

At the time of the 3-month study, additional maternal (~5 mL) and infant (~1 mL) blood and 

breast milk (~10 mL) samples were collected for determination of antidepressant levels. 

Blood samples were collected in Vacutainer tubes without additives and allowed to clot for 

30 min. The serum was then separated following centrifugation at 3000 g for 10 min and 

transferred into a glass tube. Milk samples were collected by manual expression or breast 

pump at the same time as blood sampling and were transferred to glass tubes. All serum and 

milk samples were stored at −80 °C until analysis for antidepressant drug levels.

Fluoxetine, norfluoxetine, paroxetine, citalopram, sertraline, and venlafaxine concentrations 

were determined by LC/MS using a single combination assay developed by Cantest 

Biopharma Services (Vancouver, BC, Canada). Briefly 100 μl of internal standard solution 

(d5-fentanyl and d3-sertraline) was added to individual tubes containing 100 μl of study 

sample (serum, breast milk), calibration standards and QC samples. This was followed by 

the addition of 0.2 ml of 0.1 M tetraborate buffer solution and 3 ml of chlorobutane. Samples 

were vortex mixed, subsequently centrifuged and the tubes placed in a rack and frozen at 

−70 °C for 30 min. The upper organic layer was then removed and evaporated to dryness 

under a gentle stream of nitrogen (at 40 °C). Dried residues were reconstituted using 500 μl 

of 10 mM NH4OAc: acetonitrile 6:4 containing 0.5% formic acid. Extracts were then 

transferred to amber glass vials for LC/MS analysis (10 μl injection volume). 

Chromatography was performed using an Agilent 1100 HPLC with a CTC-PAL HTS 

autosampler and an Agilent Zorbax Eclipse XDB-C8 column (4.6×50 mm). Mobile phases 

were: A=0.5% formic acid in 10 mM NH4OAc and B=0.1% formic acid in acetonitrile. The 

analytes were eluted using the following gradient: A: B=60:40 for 0.5 min, A:B=40:60 at 1.0 

minute and A:B: 5:95 at 2.0 min and held at this value until 3.0 min. Analyte concentrations 

were determined by mass spectrometry (API 5000; Applied Biosystems, Foster City, CA) 

using the following MRM transitions: fluoxetine, m/z 310.2 to m/z 148.2; norfluoxetine, m/z 
296.1 to m/z 134.2; paroxetine, m/z 330.2 to 192.2; sertraline, m/z 306.2 to m/z 159.1; d3-

sertraline, m/z 311.2 to m/z 161.2; citalopram, m/z 325.1 to 262.1; venlafaxine, m/z 278.2 to 

m/z 121.2; d5-fentanyl, m/z 342.2 to m/z 188.2. The lower limit of quantitation (LLOQ) was 

0.1 ng/ml for all analytes. Coefficients of variation were less than 25% at the LLOQ and less 

than 20% at all other standard curve concentrations (0.1–100 ng/ml).

2.6. Data analysis

Cortisol means, SD and cortisol change scores (Baseline–Stress1) were calculated and for 

analytic purposes values were log transformed to normalize distributions, however, non-log 

transformed values were used for display purposes. Cortisol area under the curve (AUC) was 

calculated as described by Sephton [26] using the 3 cortisol values, and as well, a cortisol 

reactivity slope (CRS) was calculated using Graphpad Prism(v3) to assess cortisol change 

across the three study time periods. A group (exposed vs. non-exposed)×feeding condition 

(breast vs. non-breastfed)×event (Baseline, S1, Recovery) mixed model analysis of 

covariance (ANCOVA) was carried out to assess reactivity, with feeding mode, maternal 

mood during pregnancy and at 3 months as covariates. Univariate ANCOVAs were used to 

examine basal cortisol group differences, using the same covariates. To compare levels 

across different drugs, 3-month drug levels for each medication were converted to a 
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standardized z-score and used in a regression model. To examine the relationships between 

infant drug and cortisol levels, linear regression models were used with key maternal mood 

and infant covariates.

3. Results

Maternal and infant demographic characteristics are shown in Table 1. With the exception of 

mood, antidepressants used and parity, maternal characteristics did not differ significantly 

between groups. All infants were born at term, with the exception of two SSRI exposed 

infants (36.85 weeks) and one non-SSRI exposed infant (36.57 weeks). Infants in the SSRI 

exposed group were older than non-SSRI exposed infants by a mean of 8 days (3.3 [.44] vs. 

3.1 [.35] months; F[1,79]= 7.2; p=0.009). At the time of the 3 month visit, 75% of our 

cohort infants were considered breastfeeding, i.e., breast milk constituted at least 75% of 

daily diet. Among non-breastfeeders, 13 (68.4%) had never breastfed, and the remainder had 

stopped by 3 months or were obtaining <25% of their diet from breast milk. There was a 

trend toward group differences in feeding, which approached significance (breastfeeding 

occurred in 62.2% of the SSRI exposed infants vs. 82.2% of the non-SSRI exposed infants; 

p=.070) (Table 2). Mothers in the SSRI group had fewer years of education than the control 

mothers (p<0.05).

3.1. Cortisol stress reactivity

The 3-way ANCOVA model (time/event [Baseline, S1, S2])×feeding condition 

(breastfeeding/non-breastfed×prenatal medication exposure), revealed differential responses 

to the stress of the habituation procedure depending on medication exposure and mode of 

feeding (F[2,104]=4.124, p=.026, partial η2 =.074), controlling for maternal depressed mood 

during pregnancy (HAM-D3rd trimester) and 3 month maternal depression (HAM-D). 

Specifically, in the non-SSRI exposed group, there was a significant interaction between 

time and feeding mode (F[2,68]=7.314, p=.003, partial η2 =.177) that was not present in the 

SSRI exposed group. Non-SSRI exposed infants who were non-breastfed had lower levels 

post-stress (S2) cortisol levels than non-SSRI exposed infants who were breastfed 

(F[1,41]=7.154; p=.011, partial η2 =.149) (Fig. 1, bottom panel). Similar patterns were 

observed in separate ANCOVAs using pre and postnatal maternal anxiety (HAM-A) and 

self-rated depressed mood measures (EPDS). Controlling for maternal years of education 

did not contribute to these findings. In contrast, SSRI exposed infants showed similar 

patterns of stress reactivity regardless of mode of feeding; there was no significant difference 

in cortisol levels between breastfed and non-breastfed infants in this group (Fig. 1, top 

panel).

The cortisol reactivity slope (CRS) also reflected these differences and was significantly 

lower among non-SSRI exposed non-breastfed infants than among non-SSRI exposed 

breastfed infants (F[1,51]=13.056, p<0.001, partial η2=.266), controlling for maternal mood 

during and following pregnancy (Fig. 2). Importantly, maternal mood varied by feeding 

mode, namely HAM-A scores were higher in the non-SSRI exposed, non-breastfeeding 

group at 3 months compared with anxiety ratings among non-SSRI exposed breastfeeding 

mothers. (Table 3). However, when HAM-A at 3 months was added to the reactivity 

Oberlander et al. Page 6

Early Hum Dev. Author manuscript; available in PMC 2016 April 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ANCOVA or the CRS models as a covariate, the results remained unchanged. AUC did not 

differ significantly between groups or vary with maternal mood.

3.2. Basal evening cortisol

Late afternoon/early evening cortisol levels (Fig. 3) were significantly lower at 3 months in 

the SSRI exposed infants compared with the non-SSRI exposed infants, controlling for 

maternal mood and feeding condition (F[1,55] = 4.002; p=.050, partial η2 =.068).

3.3. Pharmacological variables and cortisol levels

To examine the impact of postnatal drug exposure on cortisol reactivity and basal patterns, 

drug levels were obtained from the mother's plasma and breast milk, and from infants who 

continued to breastfeed (Table 4). Neither length of prenatal medication exposure (days), 

maternal plasma or breast milk, nor infant drug levels at 3 months were associated with 

mean overall cortisol levels (Baseline, S1 or S2), cortisol change scores (baseline to stress) 

or evening basal levels (p>0.05).

4. Discussion

At 3 months of age, early evening basal cortisol levels were significantly lower in infants 

with prenatal SSRI exposure compared to non-SSRI exposed infants, even when controlling 

for feeding mode and maternal mood. Prenatal SSRI exposure altered HPA stress response 

patterns, but this only became apparent when infant feeding mode was accounted for. 

Namely, non-SSRI exposed, non-breastfed infants had significantly lower post-stress cortisol 

levels than non-SSRI exposed breastfed infants. Importantly, differences in cortisol stress-

reactivity patterns emerged in non-SSRI exposed infants depending on breastfeeding 

condition, whereas among SSRI exposed infants cortisol response patterns were similar to 

that of non-SSRI exposed breastfed infants, regardless of feeding mode. Similarly, exposure 

and feeding group differences were also observed in the CRS slope measure, with 

significantly lower scores among non-breastfed infants compared with breastfed infants, but 

only in the non-SSRI exposed condition. While SSRI drug levels were detected at 3 months 

of age in the blood of a few breastfeeding infants, reflecting postnatal medication exposure, 

(especially in infants whose mothers were taking fluoxetine), infant drug levels were not 

associated with cortisol stress responses or basal cortisol levels, making it unlikely that the 

HPA patterns were a direct pharmacological effect. Total cortisol, reflected by the AUC 

measure, did not differ significantly between exposure groups. Pre and post-natal maternal 

mood alone, length of drug exposure, or drug levels did not directly influence HPA function. 

Moreover, while differences in mood during or following pregnancy were observed between 

breastfeeding and non-breastfeeding mothers, clinician-rated maternal anxiety (HAM-A) at 

3 months did not appear to influence infant cortisol reactivity patterns.

In an animal model analogous to our study, prenatal SSRI exposure has been shown to 

influence HPA function via early alterations in 5HT levels. Ishiwata et al [17] reported that 

prenatally stressed mice treated during postnatal weeks 1–3 with fluoxetine showed 

increased 5HT turnover in the hippocampus during the prepubertal period and increased or 

“normalized” corticosterone responses to a subsequent stressor. Such exposure also restored 
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the ability to learn spatial information compared with the effects of exposure to prenatal 

stress alone. This might be analogous to the increased HPA activity that is associated with 

depression, and that is “normalized” following SSRI antidepressant treatment [16]. 

Similarly, given the neurotrophic role of 5HT in the development of hippocampal GRs, the 

lower early evening cortisol levels in SSRI exposed infants may reflect an upregulation of 

GRs, leading to increased negative feedback later in the day. Conceivably, altered number or 

function of GRs following SSRI exposure, resulting in altered HPA feedback activity, could 

also account for differences in stress response patterns among the exposed non-breastfeeding 

infants. When compared to the cortisol response of non-SSRI exposed infants, it is possible 

that stress reactivity was “normalized” by prenatal SSRI exposure and in this way SSRIs 

might “buffer” the effects of environmental influences inherent to care-giving in the non-

breastfed group. In other words, postnatal care-giving from a depressed mother, in 

combination with prenatal SSRI exposure (i.e. increased prenatal 5HT), might have altered 

GR function and buffered infant HPA activity, even in a stressful postnatal environment. 

Such a ‘correction’ may reflect the SSRI-induced hippocampal GR changes, as have been 

observed using a prenatal stress model in animals [17]. Furthermore, given that lower basal 

evening cortisol is typical of the daily circadian cortisol pattern (rise in morning and fall in 

afternoon), the lower evening cortisol observed in the SSRI exposed group might suggest an 

early emergence of the diurnal cortisol pattern which becomes established over the first 3–6 

months of life [27].

Whether breastfeeding itself influences cortisol patterns, or whether breastfeeding is actually 

a proxy measure that reflects an unmeasured aspect inherent to the postnatal environment, 

such as parental responsiveness, remains to be determined. The HPA system is sensitive to 

variations in early care giving [28] and social regulation [29], and thus differences in cortisol 

stress reactivity between feeding groups in non-SSRI exposed infants may reflect the impact 

of early social experience, inherent to environmental differences between breastfeeding and 

non-breastfeeding practices. In rodent models, prenatal stress reduces hippocampal GRs and 

attenuates negative feedback [30], leading to an elevation in plasma corticosterone. 

Conversely, early ‘neonatal handling’ increases levels of early maternal licking and 

grooming, which in turn, increases hippocampal GR gene expression [31]. These changes 

are mediated via increased 5HT, and lead to reduced HPA stress reactivity (i.e. enhanced 

glucocorticoid negative feed back sensitivity) in infancy [7,31] that persists into adulthood 

[32,33]. In humans, neonates of women experiencing high levels of anger, depression or 

anxiety during pregnancy had increased urinary cortisol and decreased dopamine levels 

within 24 h of delivery [4,8].

Breastfeeding was accounted for in this study as a way to control for postnatal drug 

exposure. While this study was not specifically designed to examine effects of social 

environment on HPA development, feeding practice may be what Hofer has termed a 

“hidden regulator” of psychobiological development [34]. The impact of breastfeeding on 

human infant HPA function has, to the best of our knowledge, not been previously reported. 

Further study is required to examine the impact of care giving and feeding (handling, 

carrying, maternal interaction or dietary factors), as well as daily patterns of sleep and 

maternal mood on the developmental ontogeny of HPA function in early infancy.
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In sum, our findings may suggest an early “programming” effect that reflects a combination 

of factors related to maternal mood, prenatal SSRI exposure and postnatal maternal care 

giving that appears to influence the developing HPA stress regulation system. Relationships 

between these factors are a complex and dynamic interplay that requires further study. SSRI 

antidepressants may have a role in managing antenatal maternal mood disorders and 

determining the benefits and risks for mothers and their offspring are beyond the scope of 

this study. As the HPA system plays a key role in emerging learning, behavior, 

cardiovascular, metabolic and immune functions across the lifespan, the long term functional 

implications of altered HPA function in early infancy need to be evaluated in a broader 

context. This initial report of the impact of prenatal SSRI exposure may offer insight into 

early programming of the HPA system, but these findings need to be replicated with a larger 

sample size, accounting for the impact of prenatal and postnatal care giving social 

environment, and examining outcomes beyond 3 months of age.
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Figure 1. 
Cortisol Stress Reactivity at 3 months as a function of feeding condition (μg/dl±SEM) * 

p>0.05 for difference between breast feeding vs. non-breast fed in non-exposed infants.
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Figure 2. 
Cortisol Stress Reactivity (CSR) Slope: SSRI exposure and feeding group * 

F[1,51]=13.056,p<0.001, partial η2=.266), for CRS differences between exposed/non-

exposed breast feeding vs. non-breast feeding infants (controlling for maternal mood 

(EPDS) during 3rd trimester and parental stress report (PSI) at 3 months).
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Figure 3. 
Late early evening salivary cortisol at 3 months: SSRI exposed vs. non-exposed infants * 

(F[1,55]=4.585; p=.037, partial η2=.077), controlling for 3rd trimester maternal mood and 

PSI score at 3 months and breast feeding at 3 months.
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Table 1

Maternal demographic, medication and mood characteristics

SSRI Treated (n = 31) (mean (SD)) Controls (n = 45) (mean (SD))

Maternal demographics characteristics

Maternal age at birth (years) (range) 32.1 (4.8) 33.6 (4.7)

Delivery (n: vaginal/c-section) 20/11 31/14

First pregnancy (%)
37

* 63

Smoking (n) 1 0

Maternal education (years)
15.1(2.5)

* 17.8 (3.2)

Alcohol use (drinks/pregnancy) (%)

    • 0 74 53

    • 1–5 16 48

    • 6–10 3 11

    • 11–25 6 8

Prenatal SSRI Medication Use (2nd Trimester) (median mg) (n = 30)

    • Paroxetine (13) 20 n/a

    • Fluoxetine (5) 20

    • Sertraline (5) 50

    • Venlafaxine (1) 225

    • Citalopram (6) 25

Prenatal SSRI medication use (3rd Trimester) (median mg) (n = 31)

    • Paroxetine (13) 20 n/a

    • Fluoxetine (5) 30

    • Sertraline (5) 50

    • Venlafaxine (2) 56

    • Citalopram (6) 25

Postnatal SSRI medication use (3 months (median mg) (n = 31)

    • Paroxetine (13) 20 n/a

    • Fluoxetine (5) 30

    • Sertraline (5) 62.5

    • Venlafaxine (2) 37.5

    • Citalopram (6) 25

Maternal mood measures

Gestation age at time of 2nd trimester visit (weeks) 23.3 (5.6) 24.7 (3.6)

Maternal mood 2nd trimester

    • Ham-A
14.7 (8.0) 

* 7.2 (7.7)

    • Ham-D
12.7 (6.9) 

* 6.0 (7.5)

    • EPDS
10.1 (6.0) 

* 5.2 (6.2)

Gestation age at time of 3rd trimester visit (weeks) 33.7 (1.1) 33.8 (1.3)

Maternal mood 3rd trimester
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SSRI Treated (n = 31) (mean (SD)) Controls (n = 45) (mean (SD))

    • Ham-A
11.9 (7.4) 

* 5.4 (4.7)

    • Ham-D
9.8 (6.3) 

* 3.6 (4.6)

    • EPDS
8.2 (4.9) 

* 4.3 (4.3)

Maternal Mood at 3 months

    • Ham-A
10.4 (7.4) 

* 3.84 (3.8)

    • Ham-D
7.2 (5.6) 

* 3.13 (4.0)

    • EPDS
7.5 (5.3) 

* 3.77 (3.8)

    • PSI 70.5 (17.1) 63.4 (18.5)

•

HAM-A: Hamilton Rating Scale for Anxiety.

HAM-D: Hamilton Rating Scale for Depression.

EPDS: Edinburgh Postnatal Depression Scale.

PSI: Parent Stress Index.

n/a: Not applicable.

SD: Standard Deviation.

*
p < 0.05 for differences between groups.
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Table 2

Neonatal characteristics

SSRI exposed (n = 31) (mean (SD)) Non-exposed (n = 45) (mean (SD))

Prenatal characteristics

Gestational age at birth (weeks) 39.5 (1.41) 40.1 (1.3)

Birth Weight (g) 3435 (422) 3600 (512)

Sex (M:F) 13:18 21:24

SSRI exposure during pregnancy (# days) 230.2 (72.7) N/A

3 months

• Feeding (% Breastfeeding (i.e. providing >75% infant diet) 70.1 80.1

• % not breast feeding at all 26 9

• Primary caregiver (birth mothers) (%) 100 100

• Age at study visit (months) 3.3 (.44)
3.1 (.36) 

*

• Weight (kg) 6.2 (0.85) 7.6 (9.3)

• Length (cm) 61.2 (3.0) 61.2 (2.3)

• Head circumference (cm) 41.0 (1.1) 41.0 (1.7)

*
p < 0.05 for differences between groups.
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Table 3

Maternal mood for prenatal exposure groups and feeding condition (mean, SD)

SSRI Exposed Non-exposed

Breast feeding at 3 
months (n = 20)

Non-breast Feeding at 3 
months (n = 11)

Breast feeding at 3 
months (n = 37)

Non-breast feeding at 3 
months (n = 8)

Maternal age at study time 
(years)

32.6 (5.2) 31.45 (3.9) 32.8 (4.5) 37.38 (4.3) *

Maternal mood 2nd 
trimester

    Ham-A 13.31(8.7) 17.7 (5.8) 6.9 (7.9) 8.4 (7.5)

    Ham-D 12.1 (8.2) 14.1 (2.8) 5.5 (6.6) 8.1 (10.9)

    EPDS 7.5 (4.9) 16.1 (3.4) * 4.7 (7.4) 7.4 (8.0)

Maternal mood 3rd trimester

    Ham-A 10.0 (6.6) 15.3 (8.0) 5.5 (4.7) 5.3 (5.1)

    Ham-D 8.3 (5.5) 12.6 (7.0) 2.7 (4.7) 3.3 (4.4)

    EPDS 7.0 (3.5) 10.4 (6.4) 4.4 (4.4) 4.1 (3.3)

Maternal mood 3 months

    Ham-A 9.5 (7.8) 12.1 (6.4) 3.3 (3.4) 6.4 (5.0) *

    Ham-D 6.8 (5.5) 7.9 (6.0) 2.8 (3.5) 4.8 (5.8)

    EPDS 6.7 (5.7) 8.9 (4.6) 3.5 (3.7) 4.8 (4.8)

HAM-A: Hamilton Rating Scale for Anxiety.

HAM-D: Hamilton Rating Scale for Depression.

EPDS: Edinburgh Postnatal Depression Scale.

SD: Standard Deviation.
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Table 4

Postnatal drug exposure at 3 months: maternal, breast milk and infant drug levels (citalopram and venlafaxine 

levels were not obtained)

Drug Drug Levels (n, mean ng/dl)

Maternal

    • Fluoxetine (4) 313.4(245.6)

    • Norfluoxetine (4) 301.8 (202.1)

    • Paroxetine (7) 135.96 (204.1)

    • Sertraline (3) 110.6(124.5)

Breast milk

    • Fluoxetine (4) 136.6 (95.7)

    • Norfluoxetine (4) 89.8 (57.9)

    • Paroxetine (5) (1 = <LLOQ) 139.6 (141.3)

    • Sertraline (3) 191.9 (224.4)

Infant

    • Fluoxetine (3) 1.69 (2.00)

    • Norfluoxetine (3) 13.09 (11.1)

    • Paroxetine(6) All <LLOQ

    • Sertraline (2) (1 = <LLOQ) 2.41

* LLOQ = below the Lower Limit of Quantitation (0.1 ng/ml).
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