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ABSTRACT

Objective

Infants exposed to antidepressants in utero are at risk of developing poor neonatal 
adaptation (PNA). This study identified risk factors for PNA. 

Methods 

In this cohort study, data on mothers and infants admitted to the maternity ward 
of a general hospital between 2007 and 2012 were analyzed. All infants were 
exposed to an antidepressant during the last trimester of fetal life. The main out-
come measure was PNA, defined as at least one Finnegan score of four or more 
during admission. Risk factors analyzed for their possible association with PNA 
included type of feeding, type and dosage of antidepressant, prematurity and 
maternal smoking, anxiety and depression. 

Results 

We included 247 infants in the study of which 157 (64%) developed PNA. Formula 
feeding was associated with an increased risk of PNA compared to breast feeding 
or mixed feeding (OR 3.16 95%CI 1.40-7.13 p=0.003). Selective serotonin reup-
take inhibitors (SSRIs) were associated with an increased risk of PNA compared 
to serotonin and norepinephrine reuptake inhibitors (OR 2.52 95%CI 1.07-5.95 
p=0.04). Dosage did not influence the risk of PNA (OR 1.50 95%CI 0.89-2.52 
p=0.13). 

Conclusions 

Formula feeding and exposure to SSRIs were associated with development of PNA, 
but dosage was not. 
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INTRODUCTION

Risk factors for poor neonatal adaptation (PNA) need to be identified to improve 
awareness of PNA, facilitate the diagnostic process and allow for preventative risk 
modification. PNA occurs in approximately 20-30% of infants exposed to selective 
reuptake antidepressants during the last trimester of fetal life.1-4 These are selec-
tive serotonin reuptake inhibitors (SSRIs), venlafaxine, a serotonin norepinephrine 
reuptake inhibitor (SNRI) and mirtazapine, a noradrenergic and specific serotoner-
gic antidepressant (NaSSA).

The main symptoms of PNA include difficulties with feeding and sleeping, ir-
ritability, increased muscle tone, abnormal crying, jitteriness, gastro-intestinal 
symptoms and respiratory distress.1,4,5 Despite the generally mild and self-limiting 
character of PNA, observation of infants by specialized care providers is required 
to distinguish PNA from other neonatal pathology because the symptoms are non-
specific.1,5-9 Therefore additional tests, such as blood tests, are often performed. If 
risk factors for PNA are identified, the need for invasive and painful tests may be 
reduced or even eliminated. Possible risk factors for PNA that have been studied 
include type of antidepressant,3,6,10-13 dosage of the antidepressant,2,4,14,15 use of 
tobacco during pregnancy,3,7,10,16 severity of maternal psychiatric symptoms,3,10,13 
type of feeding,8,17,18 and prematurity.6,7,10,13 However, as these studies did not focus 
on examining risk factors for PNA, and were therefore not adequately powered to 
do so, there are currently no accepted risk factors for PNA. This lack of knowledge 
concerning risk factors for PNA could lead to suboptimal care. For example, a large 
number of pregnant women and their care providers intuitively prefer to lower the 
dosage of the antidepressant to minimise the risk of developing PNA.19 However, 
there is no consensus on the relationship between dosage of antidepressant and 
development of PNA.2,4,14,15 Moreover, lowering the dosage might worsen psychiatric 
symptoms,20,21 which in turn may have negative effects on the mother and child.5 

The main goal of this study was to identify maternal and neonatal risk factors for 
PNA after in utero exposure to SSRIs, SNRIs or NaSSAs. All the factors mentioned 
earlier, which were identified from the literature, were studied. 

METHODS

Setting

We conducted a single-center cohort study in infants who were exposed to selec-
tive reuptake antidepressants in utero and admitted to the Sint Lucas Andreas 
Hospital in Amsterdam, The Netherlands, for observation of possible PNA between 
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2007 and 2012. The psychiatric, obstetric and pediatric clinic of our hospital is a 
center of expertise for pregnancy and psychiatric disorders and advises women 
before, during and after pregnancy. 

During pregnancy patients visit our outpatient clinic in the first or second tri-
mester and for a second time in the third trimester. As part of our standard intake 
procedure, data are collected at each visit on current and past obstetric history, 
psychiatric, as well as general medical history, maternal stress and coping, current 
and past consumption of alcohol, tobacco and illicit drugs.22 In addition, all women 
are asked to complete the hospital anxiety and depression scale (HADS) at each 
visit. A total score of eight or higher on the anxiety or depression subscale indicates 
depression or anxiety.23 This instrument is validated in an antenatal population 
and consists of 14 questions, seven for anxiety and seven for depression, with a 
timeframe of one week.24 

Within eight hours of delivery, women who visited our psychiatric, obstetric and 
pediatric clinic during pregnancy and live in our catchment area are admitted to 
the maternity ward together with their infants for an observation period of at least 
72 hours. The women who deliver in our hospital are a representative sample of 
pregnant women in Amsterdam, because women give birth in the hospital closest 
to their home. This also holds true for women with psychiatric problems, as about 
50% of all women who visit our psychiatric, obstetric and pediatric clinic live 
in our catchment area and give birth in our hospital. A pediatrician examines all 
infants every morning. Infants who need more surveillance due to severe PNA or 
other neonatal problems are admitted to the neonatal care unit (NCU). Mothers are 
asked to complete the HADS on the first day after delivery. 

After birth the infants are observed three times a day by trained nurses for PNA 
using the Finnegan scoring list. This observation tool was originally designed to 
assess PNA after exposure to opiates, but it has also been widely used for the 
observation of PNA after exposure to antidepressants.4,5,8,11,12,25 The list consists of 
21 symptoms with a point scale ranging from zero to five for each item.25 A score 
of four to seven indicates mild symptoms of PNA and a score of eight or higher 
indicates severe symptoms of PNA.4,5

Participants

From January 2007 to December 2012 women and their infants were included 
in this study if the mother used an SSRI, SNRI or NaSSA during at least the third 
trimester of pregnancy and if the mother-infant couple was admitted to the ma-
ternity ward. 

Exclusion criteria were use of any type of illicit drugs (22), regular alcohol use 
of more than two units per week, exposure to psychotropic drugs other than a 
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single SSRI, SNRI or NaSSA or use of a combination of these antidepressants during 
the last trimester of pregnancy. Women who used less than the minimal effective 
dosage of an SSRI, SNRI or NaSSA during pregnancy were also excluded, because it 
is not known if a noneffective dosage can cause PNA 26. The study was approved by 
the medical ethics committees of the Sint Lucas Andreas Hospital and VU Medical 
Center in Amsterdam, the Netherlands. 

Variables and outcome measure 

We selected candidate risk factors for PNA that have been described in previous 
studies. These factors were the type of antidepressant (SSRI, SNRI or NaSSA),3,6,10-12 
dosage of the antidepressant,2,4,14,15 tobacco smoking during the last trimester of 
pregnancy,3,7,10,16 increased anxiety and depression scores in the third trimester 
and after the delivery according to the HADS,3,10,11 type of feeding,8,17,18 and pre-
maturity.6,7,10 The dosage of the antidepressant was defined as normal if it was the 
minimal effective dosage and high if the dosage exceeded the minimal effective 
dosage.26 An increased anxiety and depression score according to the HADS was 
defined as a total score of eight or higher on the anxiety or depression subscale. 
The type of feeding was defined as exclusive formula, exclusive breast feeding or 
a combination of breast feeding and formula, referred to as mixed feeding in this 
study. This was established at the end of the observation period. Prematurity was 
defined as a gestational age of <37 weeks. 

The main outcome measure was PNA and it was defined as at least one Finnegan 
score of four or more during hospital admission, because a cut-off of four is 
generally accepted for PNA.1,4,5 As other studies have reported the use of at least 
two Finnegan scores of four or more during hospital admission as the cut-off, we 
performed an additional analysis using this cut-off. Nurses were not blinded to the 
type and dosage of antidepressant used by the mother. 

Statistical analysis

Statistical analyses were performed using SPSS version 18 (IBM, New York, USA). 
Baseline characteristics were compared between infants with and without PNA 
using the independent sample t-test for the normally distributed continuous 
variable maternal age and the chi-square test for dichotomous and categorical 
variables. In cases where more than 20% of the expected cell counts were less 
than five the Fisher exact test was performed. 

To examine whether the candidate risk factors were associated with PNA, we 
compared infants who fulfilled the criteria of a specific risk factor with infants 
who did not fulfil these criteria. For example, we analyzed whether infants who 
were exposed to a high dose of antidepressant in utero showed more or less PNA 
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compared to infants who were exposed to a low dose. Type of antidepressant was 
divided into three groups whereby three individual comparisons were analyzed. 
Odds ratios (OR) and 95% confidence intervals (CI) were estimated using univari-
ate analysis. Statistical significance was evaluated using the likelihood ratio test. 
A result was considered to be statistically significant if the p-value was not larger 
than 0.05. 

Subsequently, all factors with a p-value of less than 0.1 were added to a multiple 
logistic regression model to correct the relationships between individual risk fac-
tors and PNA for the possible confounding effect of other risk factors. Type of 
antidepressant was added as a categorical variable. Statistical significance was 
evaluated using the Wald test. A p-value of 0.01-0.05 was considered as weakly 
significant, a p-value of <0.01 as strongly significant.

The univariate and multiple logistic regression analyses were performed on the 
total group of 247 infants and on the group of infants exclusively admitted to the 
maternity ward. We excluded infants who were admitted to the NCU, directly after 
delivery or after initial admission to the maternity ward, as admission to the NCU 
may confound or modify the relationship between the examined candidate risk 
factors and PNA. 

RESULTS

Neonatal and maternal data

From January 2007 to December 2012 a total of 322 women had used an SSRI, 
SNRI or NaSSA during the third trimester of pregnancy and were admitted to the 
maternity ward, together with their 324 infants. A total of 247 women and their 
247 infants (both 76%) were included in the analysis. Because additional psycho-
tropic medications had been used, 28 mother-infant dyads were excluded from the 
analysis. In addition, 11 mother-infant dyads were excluded because the mother 
had used a combination of two antidepressants. Lastly, 18 mothers and 19 infants, 
including one twin, were excluded because there were no available Finnegan 
scores and 19 mother-infant dyads were excluded because the mothers had used 
less than the minimal effective dosage of an antidepressant. No illicit drugs were 
taken in the study group and none of the women used alcohol on a regular basis. 
Only four mothers used alcohol sporadically and the amount consumed was less 
than two units per week. Characteristics of the study population are presented in 
Tables 1 and 2. The infant with the lowest gestational age had a gestational age of 
30 weeks and four days.
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Table 1. Neonatal characteristics. 

Variables Infants with PNAa 
(n=157) n (%)

Infants without PNAa 

(n=90) n (%)
p-value

Gestational age at birth, weeks 0.10^

≥37 136 (87) 84 (93)

<37 21 (13) 6 (7)

Birth weight

Small for gestational ageb 14 (9) 5 (6) 0.34^

Large for gestational agec 17 (11) 9 (10) 0.84^

Gender 0.11^

Male 83 (53) 38 (42)

Female 74 (47) 52 (58)

Mode of delivery 0.27^

Vaginal 114 (73) 71 (79)

Instrumental 16 (10) 7 (8)

Caesarean Section 27 (17) 12 (13)

Type of feeding 0.01^

Breast feeding 60 (38) 47 (52)

Formula feeding 37 (24) 8 (9)

Mixed feeding 60 (38) 35 (39)

Admission to the neonatal care unit 45 (29) 8 (9) <0.01^

Reason for admission to the neonatal care unitd

(Suspected) neonatal sepsis requiring 
antibiotics

27 (60) 3 (38) 0.27*

Hyperbilirubinemia 10 (22) 2 (25) 1.00*

Respiratory distresse 9 (20) 3 (38) 0.37*

Asphyxia 1 (2) 1 (13) 0.28*

PNAa 5 (11) 0 (0) -

Adaptation difficultiesf 11 (24) 3 (38) 0.42*

Prematurity 13 (29) 1 (13) 0.67*

Small for gestational age 4 (9) 1 (13) 0.57*

Other 3 (7) 2 (25) 0.16*

a. PNA: poor neonatal adaptation b. Small for gestational age: defined as a birth weight of less than 
the 10th percentile according to the Dutch perinatal registration30 c. Large for gestational age: de-
fined as a birth weight of more than the 90th percentile according to the Dutch perinatal registra-
tion30 d. More than one medical diagnosis per infant is possible e. Respiratory distress: respiratory 
problems requiring respiratory support. f. Adaptation difficulties: suboptimal Apgar score or symp-
toms shortly after birth, like hypotonia, for which observation at the neonatal care unit was needed. 
^Calculated by Chi Square test *Calculated by Fisher exact test.
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Table 2. Maternal characteristics. 

Variables Mothers of infants 
with PNAa (n=156)b

Mothers of infants without 
PNAa (n=90)

p-value

Mean 
(standard deviation)

Mean 
(standard deviation)

Maternal age, years 33 (4.3) 33 (4.8) 0.35$

Median (range) Median (range)

HADSc

Anxiety score 3th trimester 8 (0-20) 9 (0-20 ) 0.99#

Anxiety score after delivery 6 (0-20) 7 (0-19) 0.20#

Depression score 3th trimester 7 (0-20) 5.5 (0-19 ) 0.96#

Depression score after delivery 4 (0-21) 3 (0-19) 0.74#

n (%) n (%)

Marital status 0.21*

Married/cohabiting 135 (87) 78 (87)

LATd 7 (5) 6 (7)

Single 14 (9) 3 (3)

Unknown 9 (9) 3 (3)

Medical diagnosis

Hypertension 12 (8) 9 (10) 0.52^

Preeclampsia 4 (3) 4 (4) 0.47*

HELLPe 3 (2) 0 (0) 0.56*

Hypo/hyperthyroidism 4 (2) 1 (2) 0.66*

Diabetes 4 (3) 2 (2) 1.00*

History of psychiatric diagnosisf

Personality disorder 18 (12) 8 (9) 0.52^

Addictive disorder 2 (1) 1 (1) 1.00*

Anxiety or panic disorder 91 (58) 48 (54) 0.45^

Bipolar disorder 0 (0) 2 (2) 0.13*

Depressive disorder 125 (80) 75 (83) 0.54^

Psychotic disorder 5 (3) 3 (3) 1.00*

Other psychiatric disorder 13 (9) 3 (3) 0.13*

Type of antidepressant

SSRIs

paroxetine 34 (22) 15 (17) 0.33^

Lowest effective daily dosage 
(20mg)

17 (50) 11 (73) 0.13^

Above lowest effective daily 
dosage (>20mg)

17 (50) 4 (27)

sertraline 48 (31) 20 (22) 0.15^

Lowest effective daily dosage 
(50mg)

26 (54) 14 (55) 0.23^
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PNA

Of the 247 infants analyzed, 157 (64%) showed PNA, with 32 (20%) showing 
severe symptoms and 125 (80%) showing mild symptoms. Five infants (3%) had 
to be admitted to the NCU due to severe symptoms of PNA. 

Table 2. Maternal characteristics. (continued)

Variables Mothers of infants 
with PNAa (n=156)b

Mothers of infants without 
PNAa (n=90)

p-value

Mean 
(standard deviation)

Mean 
(standard deviation)

Above lowest effective daily 
dosage (>50mg)

22 (46) 6 (45)

fluoxetine 12 (8) 3 (3) 0.17^

Lowest effective daily dosage 
(20mg)

6 (50) 0 (0) 0.23*

Above lowest effective daily 
dosage (>20mg)

6 (50) 3 (100)

citalopram 33 (21) 18 (20) 0.83^

Lowest effective daily dosage 
(20mg)

11 (33) 10 (56) 0.12^

Above lowest effective daily 
dosage (>20mg)

22 (66) 8 (44)

fluvoxamine 0 (0) 4 (4) 0.02^

Lowest effective daily dosage 
(100mg)

- 4 (100) -

Above lowest effective daily 
dosage (>100mg)

- 0 (0)

SNRIs

venlafaxine 11 (7) 13 (14) 0.06^

Lowest effective daily dosage 
(75mg)

10 (91) 10 (77) 0.60*

Above lowest effective daily 
dosage (>75mg)

1 (9) 3 (23)

NaSSAs

mirtazapine 18 (12) 17 (19) 0.11^

Lowest effective daily dosage 
(15mg)

4 (22) 3 (18) 1.00*

Above lowest effective daily 
dosage (>15mg)

14 (78) 14 (82)

a.PNA: poor neonatal adaptation b. One infant of the mother with a twin was randomly excluded 
in order to create this table c. HADS: hospital anxiety depression scale. An anxiety or depression 
score of ≥8 was considered increased d. LAT: living apart together e. HELLP: hemolysis elevated 
liver enzymes and low platelets f. More than one diagnosis per person is possible $Calculated by 
paired t-test #Calculated by Mann-Whitney U test *Calculated by Fisher exact test ^Calculated by 
Chi Square test.
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Univariate analysis 

We performed univariate analysis on the total group of 247 infants (Table 3). Ex-
clusive formula compared to breast feeding or mixed feeding was associated with 
an increased risk of PNA (OR 3.16, 95%CI 1.40-7.13, p=0.003). Infants exposed to 
a single SSRI showed an increased risk of PNA compared to infants exposed to a 
single SNRI (OR 2.52 95%CI 1.07-5.95, p=0.04). There was no significant increased 
risk of PNA in infants exposed to SSRIs compared to infants exposed to NaSSAs (OR 
2.02 95%CI 0.97-4.18, p=0.06). Infants exposed to SNRIs had no significantly dif-
ferent risk for PNA compared to infants exposed to NaSSAs (OR 0.80 95%CI0.28-
2.37, p=0.67). There was no association between PNA and the other investigated 
candidate risk factors (Table 3). 

Thereafter, we performed univariate analysis on the group of 194 infants exclu-
sively admitted to the maternity ward (Table 4). Exclusive formula compared to 
breast feeding or mixed feeding was associated with an increased risk of PNA (OR 
2.92 95%CI 1.19-7.16, p=0.013). Infants exposed to a single SSRI had an increased 
risk of PNA compared to infants exposed to a single SNRI (OR 3.80 95%CI 1.25-
11.49, p=0.02) or NaSSAs (OR 2.30 95%CI 1.02-5.24, p=0.05). Infants exposed to 
SNRIs had no significantly different risk for PNA compared to infants exposed to 
NaSSAs (OR 0.61 95%CI0.17-2.2, p=0.50). No association was found between PNA 
and the other investigated candidate risk factors (Table 4). 
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Table 3. Analysis of candidate risk factors in infants admitted to the maternity ward or neonatal care unit. 

Candidate Risk Factors Univariate analysis 

PNAa 
(n=157)
n (%)

No PNAa

(n=90)
n (%)

Crude
Odds ratio
95% CI 

p-value 

Type of feeding

Exclusively formula 37 (82) 8 (18) 3.16
1.40-7.13

0.003 

Breast feeding or mixed feeding 120 (59) 82 (41) 1 (ref)

Prematurity

Premature 21 (78) 6 (22) 2.16 0.84-
5.57

0.09

Not premature 136 (62) 84 (38) 1 (ref)

Type of antidepressant 0.03

SNRIb 11 (46) 13 (54) 0.40 
0.17-0.94

0.04

NaSSAc 18 (51) 17 (49) 0.50
0.24-1.03

0.06

SSRId 128 (68) 60 (32) 1 (ref)

High dosage 82 (68) 38 (32) 1.50
0.89-2.52

0.13

Normal dosage 75 (59) 52 (41) 1 (ref)

Anxiety score according to the HADSf

Anxiety score during 3rd trimester  of 
pregnancy ≥8

74 (63) 44 (37) 0.96 
0.54-1.6

0.88

Anxiety score during 3rd trimester  of 
pregnancy <8

58 (60) 38 (40) 1 (ref)

Anxiety score after delivery ≥8 66 (65) 36 (35) 1.03
0.60-1.76

0.91

Anxiety score after delivery <8 89 (64) 50 (36) 1 (ref)

Depression score according to the HADSf

Depression score during 3rd trimester  of 
pregnancy ≥8 

55 (63) 33 (38) 0.95
0.54-1.68

0.87

Depression score during 3rd trimester  of 
pregnancy <8

77 (64) 44 (36) 1 (ref)

Depression score after delivery ≥8 47 (62) 29 (38) 0.86
0.49-1.50

0.59

Depression score after delivery <8 108 (65) 57 (35) 1 (ref)

Smoking

Smoking 17 (77) 5 (23) 2.10
0.75-5.90

0.14

No Smoking 136 (62) 84 (38) 1 (ref)

This table presents odds ratio’s and significance of candidate risk factors, calculated by univariate
logistic regression. a. PNA: poor neonatal adaptation b. SNRI: serotonin and norepinephrin reuptake 
inhibitor c. NaSSA: noradrenergic and specific serotonergic antidepressant d. SSRI: selective 
serotonin reuptake inhibitor e. Dose of the antidepressant is defined as normal in case of the 
minimal effective dosage and high when the dosage exceeded the minimal effective dosage f. HADS: 
hospital anxiety depression scale. An anxiety of depression score of ≥8 was considered increased.
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Table 4. Analysis of candidate risk factors in infants admitted to the maternity ward.

Candidate Risk Factors Univariate analysis 

PNAa 
(n=112)
n (%)

No PNAa

(n=82)
n (%)

Crude
Odds ratio
95% CI 

p-value 

Type of feeding

Exclusively formula 24 (77) 7 (23) 2.92
1.19-7.16

0.01

Breast feeding or mixed feeding 88 (54) 75 (46) 1 (ref)

Prematurity

Premature 8 (62) 5 (39) 1.19
0.37-3.76

0.77

Not premature 104 (58) 77 (43) 1 (ref)

SNRIb 5 (31) 11 (69) 0.26
0.09-0.80

0.02

NaSSAc 12 (43) 16 (57) 0.43
0.19-0.99

0.05

SSRId 95 (63) 55 (37) 1 (ref)

Dosage of antidepressante

High dosage 82 (68) 38 (32) 1.50
0.89-2.52

0.13

Normal dosage 75 (59) 52 (41) 1 (ref)

Anxiety score according to the HADSf

Anxiety score during 3rd trimester  of pregnancy ≥8 49 (54) 41 (46) 0.74
0.40-1.37

0.34

Anxiety score during 3rd trimester  of pregnancy <8 47 (62) 29 (38) 1 (ref)

Anxiety score after delivery ≥8 39 (54) 33 (46) 0.75
0.41-1.36

0.34

Anxiety score after delivery <8 71 (61) 45 (39) 1 (ref)

Depression score according to the HADSf

Depression score during 3rd trimester  of pregnancy 
≥8

38 (56) 30 (44) 0.87
0.47-1.63

0.67

Depression score during 3rd trimester  of pregnancy 
<8

58 (59) 40 (41) 1 (ref)

Depression score after delivery ≥8 39 (54) 33 (46) 0.65
0.34-1.23

0.19

Depression score after delivery <8 71 (61) 45 (39) 1 (ref)

Smoking

Smoking 13 (72) 5 (28) 2.02 
0.69-5.90

0.18

No Smoking 98 (56) 76 (44) 1 (ref)

This Table presents odds ratios and significance of candidate risk factors, calculated by univariate 
logistic regression. a. PNA: poor neonatal adaptation b. SNRI: serotonin and norepinephrin reuptake 
inhibitor c. NaSSA: noradrenergic and specific serotonergic antidepressant d. SSRI: selective sero-
tonin reuptake inhibitor e. Dose of the antidepressant is defined as normal in case of the minimal 
effective dosage and high when the dosage exceeded the minimal effective dosage f. HADS: hospital 
anxiety depression scale. An anxiety of depression score of ≥8 was considered increased.
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Multiple logistic regression analysis

We performed multiple logistic regression analysis on the total group of 247 
infants. We included the type of feeding, type of antidepressant and prematurity, 
as these candidate risk factors all had a p-value of <0.1 in the univariate analysis. 
The type of feeding, adjusted for prematurity and the type of antidepressant, re-
mained significant (OR 3.14 95%CI 1.36-7.22, p=0.007) as well as SSRIs compared 
to SNRIs, adjusted for prematurity and type of feeding (OR 2.75 95%CI 1.13-6.71, 
p=0.03). However, the p-value of prematurity, adjusted for the type of feeding and 
the type of antidepressant, was >0.5 (OR 1.90 95%CI0.71-5.08 p=0.20). 

Thereafter, we performed multiple logistic regression analysis on the group of 
194 infants exclusively admitted to the maternity ward. We included the type of 
feeding and the type of antidepressant. The type of feeding, adjusted for the type 
of antidepressant (OR 3.03 95%CI 1.20-7.62, p=0.02) as well as SSRIs compared 
to SNRIs, adjusted for the type of feeding (OR 4.12 95%CI 1.32-12.82, p=0.02) 
remained significant. 

Additional analysis

We performed an additional analysis using a cut-off of at least two Finnegan 
scores of four or more during hospital admission. According to this cut-off, 87 
infants (35%) developed PNA. Exclusive formula compared to breast feeding or 
mixed feeding was associated with an increased risk of PNA (OR 2.02 95%CI 1.05-
3.88, p=0.04). There was no association between PNA and the other investigated 
candidate risk factors (all p-values >0.1). 

Thereafter, we performed univariate analysis on the group of 194 infants ex-
clusively admitted to the maternity ward. According to this cut-off, 57 of these 
infants (29%) developed PNA . Exclusive formula compared to breast feeding or 
mixed feeding lost significance (OR 1.95 95%CI 0.88-4.32, p=0.10). There was 
no association between PNA and the investigated risk factors (all p-values >0.1). 
Confidence intervals between the original and the additional analyses largely 
overlapped. 

DISCUSSION

According to our knowledge, this is currently the largest study that focuses on risk 
factors for PNA in infants exposed to antidepressants. The type of feeding appeared 
to be strongly associated with PNA and the type of antidepressant appeared to 
be weakly associated with PNA. In contrast, prematurity, anxiety and depression 
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during pregnancy and after delivery, smoking and dosage of the antidepressant 
did not appear to be associated with PNA. 

Our study showed that formula fed infants were more likely to develop PNA than 
infants who were breastfed or who were fed by mixed feeding. These results are 
in agreement with two studies on illicit drug-dependent mother and infant pairs, 
which also reported a protective effect of breast feeding on PNA.17,18 As all mothers 
continued their medication during breast feeding the protective effect might be 
explained by excretion of antidepressant into breast milk in variable amounts.14,27 
Another possible explanation for reduced symptoms of PNA is that there is more 
skin to skin contact during breast feeding compared to formula feeding.6 

In addition, infants exposed to SSRIs showed significantly more PNA compared to 
infants exposed to SNRIs. Infants exposed to SSRIs also showed more PNA compared 
to infants exposed to NaSSAs, but this was not significant (p=0.06 in both analyses). 
To our knowledge, this is the first study examining this relationship between type of 
antidepressant and PNA. Previous studies showed that exposure to antidepressants 
with a relatively short or intermediate drug half-life was associated with an increased 
risk of PNA.12,28 These results are in contrast with our findings, as mirtazapine and 
venlafaxine have a short to medium length half-life.5,12 A possible explanation for our 
findings could be that differences in the mechanism of action between SSRIs, SNRIs 
and NaSSAs lead to differences in the incidence of PNA. Another possible explanation 
might be that a difference in the severity or type of psychiatric disorders among moth-
ers and the use of different types of antidepressants in these mothers influences the 
behaviour of the infant. 

The dosage of antidepressant was not associated with PNA. This finding is in agree-
ment with a study on the placental transfer of SSRIs that showed an increase of mater-
nal drug dosage does not necessarily lead to an increase in fetal exposure.29 Previous 
studies on this subject have shown different results. Some studies suggest a relation-
ship between the dosage of the antidepressant and PNA symptoms.4,14 However, a 
cohort study in which 46 infants exposed to SSRIs were observed for PNA showed no 
relationship between dosage and PNA.2 This is in agreement with our findings. 

To make our results more precise we excluded several mother-infant pairs due to 
factors, such as illicit drug use and use of other psychotropic drugs during pregnancy, 
that might influence the relationship between examined risk factors and PNA. How-
ever regarding generalizability, our findings only apply to infants exclusively exposed 
to a single SSRI, SNRI or NaSSA in an effective dosage. 

PNA developed in 64% of the infants, with 51% showing mild PNA, with a Finnegan 
score of four or more but less than eight, and 13% showing severe PNA with a 
Finnegan score of eight or higher. Other studies reported different percentages of 
PNA, ranging from 22% to 69%.2-4,7,15 There are multiple explanations for this differ-
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ence. We designated one or more Finnegan scores of four or more during a hospital 
stay as a proxy for PNA, which is a widely used cut-off.1,4,5 However, other cut-offs and 
observational tools are also used leading to different percentages. We performed an 
additional analysis using a cut-off of at least two Finnegan scores of four of more 
during hospital admission and with this cut-off only 35% of the infants developed 
PNA. The Finnegan list is a screening tool with high sensitivity but low specificity. Con-
ditions such as perinatal infection, prematurity, small for gestational age, metabolic or 
neurologic disorders can increase the score.8 Such conditions may have contributed to 
the relatively high percentage of PNA in our study. Furthermore, the high percentage 
of PNA might be attributed to the observational design, as the outcome assessment 
was not blinded. However, the relatively high percentage of PNA might also be the 
result of our systematic and objective measurement of PNA and might be a realistic 
estimate of the underlying incidence of PNA. 

Admission to the NCU may confound or modify the relationship between the ex-
amined candidate risk factors and PNA. Moreover, it might also lead to an increased 
Finnegan score. Therefore we performed separate analyses for both the total group 
of infants and the group of infants admitted to the maternity ward. In both multiple 
regression analyses, the type of feeding and the type of antidepressant remained the 
only two significant risk factors for PNA.

This study has several limitations. Assessment of psychotropic and illicit drug use, 
alcohol and smoking during pregnancy were not verified by laboratory tests. Therefore 
we cannot rule out under reporting of substance use during pregnancy. Another limita-
tion of our study is the use of the Finnegan scoring list,25 which has not been validated 
for the detection of PNA after antidepressant exposure. However, to our knowledge it 
is the best available and most frequently used scoring list.4,5,8,11,12 Although a pediatri-
cian examined the infants every day, the pediatrician did not systematically establish 
the diagnosis of PNA as there is no existing guideline or diagnostic tool. Therefore 
this diagnose could not be used as an outcome variable. In addition, as mothers and 
infants were admitted within eight hours of birth the Finnegan score was not assessed 
directly after birth. Furthermore, as the number of infants exposed to SNRIs (n=24) 
and NaSSAs (n=35) was relatively small, lack of power might have led to a less precise 
estimation of the association between type of antidepressant and PNA. Lastly, there is 
a possibility of reverse causality. Of all the risk factors, the type of feeding and anxiety 
or depression after birth can be influenced by PNA. However, the impact of PNA on 
the type of feeding is expected to be limited as PNA is conservatively treated by in-
creasing the frequency of feeding rather than changing the type of feeding. Regarding 
anxiety and depression, we postulate that the magnitude of reverse causality will also 
be limited as the HADS is completed on the first day after birth while symptoms of 
PNA mostly develop on day two or three.1,5 
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In conclusion, formula feeding was associated with a significant increased risk of 
PNA. Furthermore exposure to SSRIs was associated with an increased risk of PNA 
compared to exposure to SNRIs. The dosage of the antidepressant was not associated 
with development of PNA. Therefore, women who use selective reuptake antidepres-
sants during pregnancy may consider this in their decision-making with regard to 
treatment dosage and breast feeding. 
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