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ABSTRACT

Objective

Infants exposed to selective antidepressants (SADs) in utero are at risk to develop 
poor neonatal adaptation (PNA) postpartum. As symptoms are nonspecific and the 
etiology of PNA is unknown, the diagnostic process is hampered. We hypothesized 
that the serotonin metabolism plays a role in the etiology of PNA.

Methods 

In this controlled study, infants admitted postpartum from February 2012 to Au-
gust 2013 were included and followed for three days. Infants exposed to SADs 
during at least the last two weeks of fetal life were included in the patient group 
(n=63). Infants not exposed to psychotropic medication and admitted postpartum 
for another reason were included in the control group (n=126). The neonatal 
urinary 5-HIAA levels of SAD-exposed infants who developed PNA, SAD-exposed 
infants who did not develop PNA and control infants were compared. 

Results 

The course of the 5-HIAA levels over the first three days postpartum differed 
between infants with and without PNA (p=<0.001) with higher 5-HIAA levels in 
infants with PNA on day one (2.42 mmol/mol, p=0.001). Presence of maternal 
psychological distress modified this relationship. 

Conclusions

A transient disturbance of the neonatal serotonergic system may play a role in the 
etiology of PNA. Other factors, including the presence of maternal psychological 
distress, also seem to play a role. 
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INTRODUCTION

Poor neonatal adaptation (PNA) is a syndrome caused by exposure to psychotropic 
medication during pregnancy. It consists of symptoms of restlessness, such as 
tremors or sleeping difficulties that are mostly mild and self-limiting.1-3 However, 
symptoms of PNA are nonspecific and can also be an expression of other, more 
severe neonatal pathology, such as perinatal infection.1,3-5 To exclude these other 
syndromes, invasive tests are frequently performed, which can be harmful and 
stressful to the infant and parents. 

Approximately 2-9% of Western pregnant women use selective antidepressants 
(SADs) during pregnancy6,7 and 20-30% of their infants develop PNA.1,2,8 Symp-
toms mostly develop between eight and 48 hours postpartum and fade within 72 
hours postpartum.1-3,8

Knowledge of the pathogenesis and etiology of PNA is limited, which makes it 
difficult to diagnose this syndrome or predict which infant will develop symptoms 
of PNA. Symptoms of PNA are most likely caused by SAD withdrawal. However, the 
pathogenesis may also be toxicity or an overlap between withdrawal and toxic-
ity.3,9-11 Furthermore, other factors might also lead to restlessness in infants, such 
as maternal psychiatric illness and disturbances in hormone or neurotransmitter 
levels.9,11-15 This multifactorial etiology might explain the variability of PNA.12,14 

Laine et al. suggested that the serotonergic activity is involved in the etiology 
of PNA and that this is reflected by 5-hydroxyindoleacetid acid (5-HIAA), the main 
serotonin metabolite. It is assumed that the level of 5-HIAA reflects the degree 
of serotonergic activity 9,16. They showed that infants exposed to selective sero-
tonin reuptake inhibitors (SSRIs) had lower 5-HIAA levels in umbilical cord blood 
compared to non-exposed infants. Infants with a lower 5-HIAA level showed more 
symptoms of restlessness.9 However, umbilical cord blood reflects fetal life while 
PNA develops postpartum. Therefore, the exact role of serotonin in the etiology of 
PNA is not resolved. Knowledge of the course of neonatal 5-HIAA levels during the 
first days postpartum can be of additional value. 

In the present non-randomized controlled study we examined the course of uri-
nary 5-HIAA levels of SAD-exposed infants during the first three days of neonatal 
life. Results were compared to a control group of non-exposed infants, to examine 
the effect of fetal SAD-exposure on the neonatal serotonergic system. Within the 
group of SAD-exposed infants, urinary 5-HIAA levels were compared between 
infants who did and did not develop PNA to examine the role of the serotonergic 
system in the development of PNA. 
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METHODS

Setting and standard procedures 

We conducted a non-randomized controlled study in a teaching hospital in Am-
sterdam. The psychiatric, obstetric, pediatric (POP) clinic of this hospital is a center 
of expertise for pregnancy and psychiatric disorders and advises women with a 
psychiatric disorder before, during and after pregnancy. About fifty percent of all 
pregnant women who visit the POP clinic live in our catchment area and therefore 
deliver in our hospital. Within eight hours postpartum these women are admitted 
to the maternity ward together with their infants for an observation period of ≥72 
hours. Infants who need more surveillance are admitted to the neonatal care unit 
(NCU). Trained nurses observe infants for PNA by means of the Finnegan scoring 
list. This observational tool was originally designed to assess PNA after exposure 
to opiates but has been widely used for observation of PNA after exposure to 
SADs.2,3,10,17 A validated observational tool does not exist. All infants are exam-
ined by a pediatrician on a daily basis. At the end of the observation period the 
pediatrician in charge concludes if PNA has been present or absent. This decision 
is made upon evaluation of all completed Finnegan scoring lists, the moment of 
onset and course of symptoms and the physical examination. If necessary other 
neonatal pathology is excluded.

Participants

From February 2012 to August 2013 infants were included. The patient group con-
sisted of infants who were admitted for observation of possible PNA and whose 
mothers used one or more SAD during at least the last two weeks of pregnancy. 
Two weeks is the maximum time for SADs to reach their effective dosage.18 SADs 
were defined as SSRIs, serotonin norepinephrine reuptake inhibitors (SNRIs) or 
noradrenergic and specific serotonergic antidepressants (NaSSAs). If the mother 
also used another type of psychotropic drug, the infant was excluded because 
exposure to other psychotropic medication might also cause PNA. Infants were 
included in the control group if the mother did not use psychotropic medication 
during pregnancy and if the mother-infant dyad was admitted for another neonatal 
or maternal reason with an expected hospital stay of ≥72 hours. Most infants who 
fulfil these criteria are born by caesarean section while the type of birth of infants 
in the patient group reflects the normal population. Therefore, the control group 
was constructed of three equal sized groups of infants born by planned caesarean 
section, emergency caesarean section and vaginal delivery. 

Exclusion criteria for both groups were insufficient knowledge of the Dutch 
or English language, mental retardation of at least one of the parents, multiple 
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pregnancies, use of illicit drugs 19 or regular alcohol use (>2 units per week) during 
the last trimester of pregnancy, use of systemic corticosteroids during pregnancy 
or when counselling or participation in this study would interfere with the clini-
cal course. When possible, parents were informed on the study prior to delivery. 
Otherwise, parents were informed within 24 hours postpartum. All subsequent 
eligible patients were included. The study was approved by the medical ethics 
committees of the OLVG west Hospital and VU Medical Center in Amsterdam, the 
Netherlands. The authoritative parent(s) of all infants signed an informed consent 
form. 

Determinants and outcome measure

First, we compared urinary 5-HIAA levels between infants exposed and not exposed 
to SADs. Thereafter, we solely examined the SAD-exposed infants and compared 
5-HIAA levels in infants with and without PNA. 

Exposure to SADs in utero was determined by medical interview during preg-
nancy at the POP clinic and verified postpartum. On the first day postpartum the 
mother completed a questionnaire with respect to demographic characteristics, 
medication and intoxications during pregnancy. Five pediatricians established 
PNA and were blinded for the 5-HIAA levels of infants. The outcome measure was 
the urinary 5-HIAA level during the first three days postpartum. 

Urine collection

Urine was collected by means of the ‘Peespot’, a filter containing 2 mM ascorbin 
acid and 2 mM ethylenediamine tetraacetate to improve preservation of 5-HIAA.20,21 
The correlation between urine collected with the Peespot and mid-stream urine is 
1.0 (data not shown). Two filters were placed in each diaper. Saturated Peespots 
were sent to the clinical laboratory of our hospital within 30 minutes after diaper 
change. Peespots were centrifuged and urine was stored at -20°C. Time points 
at which filters were removed were categorized as 0-24, >24-48 and >48 hours 
postpartum. 

5-HIAA analysis

To determine 5-HIAA, high performance liquid chromatography (Shimadzu) with 
fluorescence detection was used with an excitation of 275 nm and emission of 
345 nm. Fifty µl of the sample was mixed with 1.0 ml elution buffer (NH4)2 HPO4 
(pH 4,5) after which 20 µl was injected into the HPLC system (Lichrocart 25cm RP 
C18). A gradient of (NH4)2HPO4 and methanol buffer was used to elute the 5-HIAA 
component. The amount of 5-HIAA in the sample was quantified by calculation 
of the area relative to those of the internal standard (Sigma). Peak areas were 
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compared to the calibrator (Chromsystems). Creatinine was determined in each 
sample by dry chemistry (Vitros 5.1FS, Johnson&Johnson). 5-HIAA was adjusted 
for the creatinine level as the 5-HIAA level in a single urine sample depends on 
the concentration of urine. 

Potential effect modifiers and confounders 

Maternal and neonatal stress levels may be associated with exposure to SADs, 
PNA as well as with the 5-HIAA level.8,11-15,22,23 We examined whether maternal, 
pregnancy and neonatal stressors were effect modifiers or confounders in both 
comparisons. The presence of maternal psychological distress was measured by 
means of the hospital anxiety and depression scale (HADS) on the first day post-
partum. This validated instrument consists of 14 questions. A total score on the 
anxiety and/or depression subscale of eight or higher indicates depression and 
anxiety and is indicative for elevated psychological distress.24,25 Pregnancy stress 
was defined as complications during pregnancy, such as hypertension. Neonatal 
stress was defined as small for gestational age (birth weight of <10th percentile 
according to the Dutch perinatal registration based on ethnicity26), prematurity 
(gestational age <37 weeks) or complications during or after birth, such as infec-
tion. 

In the relationship between PNA and 5-HIAA, in addition delivery stress, type and 
dosage of antidepressant and duration of antidepressant usage were examined 
as potential effect modifiers or confounders. Delivery stress, indicated as type of 
delivery, was categorized as vaginal delivery, planned- or emergency caesarean 
section. The duration of antidepressant usage was dichotomised in usage during 
part of pregnancy or the entire pregnancy. Type of antidepressant was categorized 
in SSRI, SNRI, NaSSA or a combination of SADs. Dosage was defined as normal 
in case of the minimal effective dosage and respectively low and high when the 
dosage was lower or higher than the minimal effective dosage.18 In case two types 
of SADs were used, the highest dose was taken into account. 

Sample size calculation

The required sample size was calculated to detect a difference in the course of 
5-HIAA over time between infants with and without PNA with a power of 80%, 
significance level of 5% and standard deviation (SD) of 2 mmol/mol. We assumed 
a prevalence of PNA of 40%27 and a correlation of 0.6 between urine samples of 
the same infant. Furthermore, we assumed that in 30% of infants it would not be 
possible to collect any urine. To detect a clinically relevant difference of 1.8 mmol/
mol (<1 SD), 63 patients were needed. With a patient:control ratio of 1:2 (126 
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controls), it was possible to detect a clinical relevant difference of 0.9 mmol/mol 
(<0.5 SD) between SAD-exposed and non-exposed infants.

Statistical analysis

Statistical analyses were performed with SPSS version 21 (IBM, New York, USA). 
The baseline characteristics of infants exposed and not exposed to SADs were 
summarized by means of descriptive statistics. Because the group of non-exposed 
infants was selected to contain an equal number of infants for each of the three 
types of delivery, whereas the exposed group was a representative sample, no 
formal statistical comparison of baseline characteristics between groups was 
performed. 

Baseline characteristics of infants with and without PNA were compared. The 
only continuous (normally distributed) variable was age, which was compared by 
the independent sample t-test. Categorical variables were analyzed by means of 
the chi square test. If more than 20% of the expected cell counts were less than 
five, the Fisher exact test was performed. 

Generalized estimated equations (GEE) were used to investigate the between-
group difference in the course of the 5-HIAA level over the first three days post-
partum. This type of longitudinal data analysis takes into account that repeated 
measurements taken from the same person are correlated and uses all available 
data (including those of infants with only one or two 5-HIAA measurements).28 The 
model included main effects of a categorical factor for time and group and the 
interaction between time and group. We first performed an overall test for pres-
ence of an interaction between time and group. If the interaction was significant, 
post hoc tests were performed to investigate the difference in the 5-HIAA level 
between groups on the three separate days. When comparing the exposed group 
to the control group analyses were adjusted for type of delivery by including this 
as a factor in the model. For all GEE analyses an exchangeable correlation structure 
was used. The estimated means obtained from the GEE analyses were plotted.

We assessed several factors as potential effect modifiers or confounders. If the 
interaction term between a factor, time and group was significant, we considered 
this factor as an effect modifier. We stratified our results according to the stron-
gest effect modifier based on the p-value of the interaction term. Factors were 
considered as confounders if they did not fulfill the criteria for effect modification 
and if one or both regression coefficients of the interaction between time and 
group changed with 10% or more. The number of patients restricted the number 
of confounders. The strongest confounders were added. A p-value of <0.05 was 
considered significant.
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RESULTS

Inclusion of patients

In Figure 1 in- and exclusion of patients is described. Of infants exposed to SADs, 
63 infants were included (71%). In 44 infants (70%) at least one urine sample was 
collected and analyzed. Of infants not exposed to SADs, 126 infants were included 
(43%). In 80 infants (63%) at least one urine sample was collected and analyzed. 

Baseline characteristics

In Table 1, the baseline characteristics of SAD-exposed and non-exposed infants are 
presented. Of the 44 SAD-exposed infants, 24 (55%) were diagnosed with PNA. None 
of these infants needed pharmacological treatment. In Table 2, the baseline charac-
teristics of infants exposed to SADs are stratified into infants with and without PNA. 

Figure 1. In- and exclusion of infants. In the upper Figure, inclusion of infants of the patient group is 
presented. In the bottom Figure, inclusion of infants of the control group is presented.

  

Infants who fulfilled  
inclusion criteria 

89 

Inclusions  
63 (71%) 

At least one urine sample 
analyzed 
44 (70%) 

No urine samplecould be 
analyzed  
18 (29%) 

Parents withdrew consent  
1 (2%) 

No consent 
16 (18%) 

    Exclusion n=10 (11%) due to: 
  Other psychotropic drug use 6 

  Multiple pregnancy 2 

  Intoxications during pregnancy 1 

  Interference with clinical course 1 

Infants who fulfilled 
inclusion criteria 

296 

Inclusions  
126 (43%) 

At least one urine sample 
analyzed 
80 (63%) 

No urine sample could be 
analyzed  
44 (35%) 

Parents withdrew consent  
2 (2%) 

No consent 
66 (22%) 

    Exclusion n=104 (35%) due to: 
  Language barrier 15 

  Multiple pregnancy 49 

  Intoxications during pregnancy 3 

  Systemic corticosteroids during  pregnancy 5 
  Infterference with clinical course 30 

  Mental retardation of one or both parents 2 
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Table 1. Baseline characteristics of infants who were exposed and not exposed to selective antide-
pressants in utero and their mothers.

Variables Infants exposed to 
SADs (n=44)

Infants not exposed 
to SADs (n=80)

Maternal in years, median (range) 34 (27-41) 33.5 (21-42)

Married/cohabiting, n(%) 43 (98) 75 (94)

Complications during pregnancya (pregnancy stress), n(%) 13 (23) 16 (20)

Smoking during last trimester of pregnancy, n(%) 1 (2) 3 (4)

HADSb on first day postpartum (maternal stress), n(%)

Anxiety and/or depression score elevated (≥8) 13 (30) 13 (17)

Unknown 0 3 

Type of delivery (delivery stress), n(%)

Vaginal 36 (82) 22 (28)

Planned caesarean section 3 (7) 30 (38)

Emergency caesarean section 5 (11) 28 (35)

Gender male, n(%) 23 (52) 42 (53)

Neonatal stress, n(%)c 15 (34) 32 (40)

Prematurity 4 (9) 10 (13)

Small for gestational age 3 (7) 5 (6)

Birth complicationsd 3 (7) 3 (4)

Neonatal complications during hospital staye 8 (18) 25 (31)

a. Complications during pregnancy: hypertension, preeclampsia, cholestasis, hyper- and hypothy-
roidism, diabetes b. HADS: hospital anxiety and depression scale c. More than one cause of neonatal 
stress was possible. d. birth complications: 5 minute Apgar score <7, shoulder dystocia e. neonatal 
complications during hospital stay: infection requiring antibiotics, hyperbilirubinemia, respiratory 
distress, hypoglycaemia.

Table 2. Baseline characteristics of infants exposed to selective antidepressants with and without 
poor neonatal adaptation (PNA) and their mothers. 

Variables Infants with 
PNAa (n=20)

Infants without 
PNAa (n=24)

p-value

Maternal age in years, mean (SD) 35.3 (3.7) 33.0 (4.3) 0.07

Marital status married/cohabiting, n(%) 20 (100) 23 (96) 1.00

Complications during pregnancyb (pregnancy stress), n(%) 10 (50) 3 (13) 0.01

Smoking during last trimester of pregnancy, n(%) 0 (0) 1 (4) 1.00

Type of antidepressant, n(%) 0.20

SSRIc 16 (80) 12 (50)

SNRId 1 (5) 5 (21)

NaSSAe 2 (10) 5 (21)

Combination of SSRIc and NaSSAe 1 (5) 2 (8)
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Comparison between SAD-exposed and non-exposed infants

There was no significant difference in the course of the 5-HIAA level over the first 
three days postpartum between SAD-exposed and non-exposed infants (p=0.23, 
adjusted for type of delivery, neonatal- and pregnancy stress). Presence of mater-
nal psychological distress appeared to be an effect modifier. After stratification, 
the course of 5-HIAA over time in infants exposed to maternal psychological 
distress did not differ between groups (p=0.39 adjusted for type of delivery and 
neonatal stress), similar to the course of 5-HIAA over time in infants not exposed 
to maternal psychological distress (p=0.48, adjusted for type of delivery, neonatal- 
and pregnancy stress).

Table 2. Baseline characteristics of infants exposed to selective antidepressants with and without 
poor neonatal adaptation (PNA) and their mothers. (continued)

Variables Infants with 
PNAa (n=20)

Infants without 
PNAa (n=24)

p-value

Duration of antidepressant usage, n(%) 0.71

Entire pregnancy 15 (75) 20 (83)

Part of pregnancy 5 (25) 4 (17)

Dosage of antidepressant, n(%) 0.21

Low 0 (0) 4 (17)

Normal 6 (30) 7 (29)

High 14 (70) 13 (54)

Type of delivery (delivery stress), n(%) 0.85

Vaginal 16 (80) 20 (83)

Planned caesarean section 2 (10) 1 (4)

Emergency caesarean section 2 (10) 3 (13)

HADSf first day postpartum (maternal stress), n(%)

Anxiety and/or depression score elevated (≥8) 4 (20) 9 (38) 0.21

Gender male, n(%) 9 (45) 14 (58) 0.38

Neonatal stress, n(%)g 5 (25) 10 (42) 0.25

Prematurity 0 (0) 4 (17) 0.11

Small for gestational age 2 (10) 1 (4) 0.58

Birth complicationse 0 (0) 3 (13) 0.24

Neonatal complications during hospital stayf 3 (15) 5 (21) 0.71

a. PNA: poor neonatal adaptation b. complications during pregnancy: hypertension, preeclampsia, 
cholestasis, hyper- and hypothyroidism, diabetes c. SSRI: selective serotonin reuptake inhibitor d. 
SNRI: serotonin and norepinephrin reuptake inhibitor e. NaSSA: noradrenergic and specific sero-
tonergic antidepressant f. HADS: hospital anxiety and depression scale g. More than one cause of 
neonatal stress was possible. e. birth complications: 5 minute Apgar score <7, shoulder dystocia 
f. neonatal complications during hospital stay: infection requiring antibiotics, hyperbilirubinemia, 
hypoglycaemia.
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Comparison between exposed infants who did and did not develop PNA 

There was a significant difference in the course of the 5-HIAA level over the first three 
days postpartum between infants with and without PNA (p=<0.001, adjusted for type 
of delivery, neonatal stress, dosage of antidepressant and duration of antidepres-
sant usage). Presence of maternal psychological distress and type of antidepressant 
modified this relationship. We stratified our data based on the presence of maternal 
psychological distress, which showed that the course of 5-HIAA over time in infants 
exposed to maternal psychological distress differed between groups (p=<0.001, 
adjusted for dosage of antidepressant). The course of 5-HIAA over time in infants not 
exposed to maternal psychological distress also differed between groups (p=<0.001, 
adjusted for neonatal stress, type of delivery and dosage of antidepressant) (Figure 2).

On day one, the 5-HIAA levels were higher in infants with PNA compared to infants 
without PNA (2.42 mmol/mol, p=0.001, adjusted for type of delivery, neonatal stress, 
dosage of antidepressant and duration of antidepressant usage). On day two and 
three, there was no significant difference between groups (day two 0.32 mmol/mol, 
adjusted p-value=0.71, day three -0.73 mmol/mol, adjusted p-value=0.36). 

Figure 2. Course of the urinary 5-HIAA level over time with 95% Confidence Interval (CI) of infants 
with and without poor neonatal adaptation (PNA), controlled for confounders. A. Entire group of 
infants, corrected for neonatal stress, type of delivery, dosage of antidepressant and duration of 
antidepressant use. B. Infants of mothers with psychological distress, corrected for dosage of SAD 
C. Infants of mothers without psychological distress corrected for neonatal stress, type of delivery 
and dosage of SAD.
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DISCUSSION

To the best of our knowledge, this is the first study on neonatal urinary 5-HIAA 
levels during the first three days postpartum in relation to exposure to SADs and 
the development of PNA. Comparison of SAD-exposed and non-exposed infants 
showed no difference in the course of 5-HIAA levels. The presence of maternal 
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psychological distress modified this relationship. This supports earlier studies 
which demonstrated that maternal stress influences the neonatal serotonin me-
tabolism and modifies the effects of SSRIs on the fetus.29,30 

Infants with PNA showed a significant different course of 5-HIAA levels compared 
to infants without PNA whereby the 5-HIAA levels were higher on day one which 
levelled off on day two and remained stable at day three. There are a few possible 
explanations for this finding. It is likely that symptoms of PNA are caused by a 
disorganized central serotonergic system, which has difficulties in adapting to the 
abrupt decrease of serotonin in the synaptic cleft. The postsynaptic serotonergic 
receptor down-regulation, caused by high serotonin supply during SAD-exposure in 
utero, results in decreased serotonin binding leading to a higher level of unbound 
serotonin. This may lead to increased serotonin breakdown and increased 5-HIAA 
levels. Another possibility is the terminal auto-receptor feedback mechanism, 
whereby the sudden decrease of serotonin results in increased serotonin turnover 
that leads to an increased 5-HIAA levels. Our results are conflicting with the results 
of Laine et al. which showed increased serotonergic symptoms in combination 
with decreased 5-HIAA levels.9 A possible explanation for this difference might 
be the manner of symptom evaluation: Laine et al. used a serotonergic symptom 
score which mainly addresses symptoms to toxicity,9 while we regarded PNA as 
symptoms of withdrawal as scored with the Finnegan list.

Presence of maternal psychological distress modified the relationship between 
PNA and 5-HIAA, possibly due to the influence of maternal stress on both the neo-
natal serotonin metabolism and symptoms of restlessness in infants.13 In either the 
entire group of SAD-exposed infants and after stratification, the course of 5-HIAA 
over time differed between infants with and without PNA. In all groups, the 5-HIAA 
levels were higher in infants with PNA on day one, which equalized on day three. 
This indicates a transient relationship between PNA and 5-HIAA. 

Main strengths of this study are the non-invasive design, analysis of the course 
of 5-HIAA over three days postpartum, inclusion of a control group and mea-
surement and adjustment for several stressors. However, this study has several 
limitations. Our aim was to examine the central cerebral serotonin metabolism 
of infants in a non-invasive manner. Measurement of 5-HIAA in urine is preferred 
as it is non-invasive and stable compared to measurement of 5-HIAA in liquor 
and plasma.31 However, there is debate whether urinary 5-HIAA levels are a reli-
able representation of the central serotonin metabolism as less than 5-10% of 
the body’s serotonin is present in the brain.32 Few studies reported significant 
correlations between plasma and liquor- and between plasma and urine 5-HIAA 
levels.33,34 The correlation between liquor and urine 5-HIAA levels is unknown. 
Possibly urinary 5-HIAA levels mainly represent the peripheral serotonergic sys-
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tem. As PNA is most likely of central origin our finding of higher 5-HIAA levels in 
infants with PNA contradicts this. Another limitation is the establishment of PNA. 
Although PNA was assessed in a systematic way, inter-observer differences might 
have influenced our results. 

In conclusion, the 5-HIAA levels were higher in infants with PNA compared to 
infants without PNA on the first day postpartum, possibly due to a transient distur-
bance of the serotonergic system. Other factors, such as maternal psychological 
distress, also seem to play a role. Additional studies are needed to further unravel 
the etiology of PNA whereby the role of other monoamines, hormones and genet-
ics can be explored. 

Acknowledgements

We would like to thank Dr. Berend Olivier, professor CNS-pharmacology at the 
division of pharmacology at the institute for pharmaceutical science Utrecht, the 
Netherlands, for his valuable additions to this manuscript. Prof. Olivier reviewed 
the manuscript did not receive any financial compensation. 

Financial support

This study was financially supported by Nuts Ohra by a non-restricted grant. Nuts 
Ohra was not involved in the design and conduct of the study, collection, manage-
ment, analysis, and interpretation of the data, neither in preparation, review, or 
approval of the manuscript and decision to submit the manuscript for publication. 
The authors report no financial or other relationship relevant to the subject of this 
article and no conflict of interest. 



Serotonin and poor neonatal adaptation 57

REFERENCES

 1. Kieviet N, Dolman KM, Honig A. The use of psychotropic medication during pregnancy: how 
about the newborn? Neuropsychiatric Disease and Treatment 2013;9:1257–66. 

 2. Levinson-Castiel R, Merlob P, Linder N, Sirota L, Klinger G. Neonatal abstinence syndrome 
after in utero exposure to selective serotonin reuptake inhibitors in term infants. Arch 
Pediatr Adolesc Med 2006;160:173–6. 

 3. Sie SD, Wennink JMB, van Driel JJ, Winkel te AGW, Boer K, Casteelen G, et al. Maternal use 
of SSRIs, SNRIs and NaSSAs: practical recommendations during pregnancy and lactation. 
Archives of Disease in Childhood - Fetal and Neonatal Edition 2012;97(6):F472–6. 

 4. Moses-Kolko EL, Bogen D, Perel J, Bregar A, Uhl K, Levin B, et al. Neonatal signs after late 
in utero exposure to serotonin reuptake inhibitors: literature review and implications for 
clinical applications. JAMA. 2005 May 18;293(19):2372–83. 

 5. Ferreira E, Carceller AM, Agogue C, Martin BZ, St-Andre M, Francoeur D, et al. Effects of 
Selective Serotonin Reuptake Inhibitors and Venlafaxine During Pregnancy in Term and 
Preterm Neonates. Pediatrics 2007;119:52–9. 

 6. Ray S, Stowe ZN. The use of antidepressant medication in pregnancy. Best Pract Res Clin 
Obstet Gynaecol 2014;28:71–83. 

 7. Ververs T, Kaasenbrood H, Visser G, Schobben F, de Jong-van den Berg L, Egberts T. 
Prevalence and patterns of antidepressant drug use during pregnancy. Eur J Clin Pharmacol 
2006;62:863–70. 

 8. Oberlander TF, Misri S, Fitzgerald CE, Kostaras X, Rurak D, Riggs W. Pharmacologic factors 
associated with transient neonatal symptoms following prenatal psychotropic medication 
exposure. J Clin Psychiatry 2004;65:230–7. 

 9. Laine K, Heikkinen T, Ekblad U, Kero P. Effects of exposure to selective serotonin reuptake 
inhibitors during pregnancy on serotonergic symptoms in newborns and cord blood mono-
amine and prolactin concentrations. Arch Gen Psychiatry 2003;60:720–6. 

 10. Klinger G, Merlob P. Selective serotonin reuptake inhibitor induced neonatal abstinence 
syndrome. Isr J Psychiatry Relat Sci 2008;45:107–13. 

 11. Davidson S, Prokonov D, Taler M, Maayan R, Harell D, Gil-Ad I, et al. Effect of exposure to 
selective serotonin reuptake inhibitors in utero on fetal growth: potential role for the IGF-I 
and HPA axes. Pediatr Res 2009;65:236–41. 

 12. Jansson LM, Velez M. Neonatal abstinence syndrome. Curr Opin Pediatr 2012;24:252–8. 
 13. Field T, Diego M, Hernandez-Reif M. Prenatal depression effects and interventions: A review. 

Infant Behavior and Development 2010 Dec;33:409–18. 
 14. Byatt N, Deligiannidis KM, Freeman MP. Antidepressant use in pregnancy: a critical review 

focused on risks and controversies. Acta Psychiatrica Scandinavica 2013;127:94–114. 
 15. Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Effects of timing and dura-

tion of gestational exposure to serotonin reuptake inhibitor antidepressants: population-
based study. The British Journal of Psychiatry 2008;192:338–43. 

 16. Hilli J, Heikkinen T, Rontu R, Lehtimäki T, Kishida I, Aklillu E, et al. MAO-A and COMT geno-
types as possible regulators of perinatal serotonergic symptoms after in utero exposure to 
SSRIs. Eur Neuropsychopharmacol 2009;19:363–70. 

 17. Finnegan LP, Kron RE, Connaughton JF, Emich JP. Assessment and treatment of abstinence in 
the infant of the drug-dependent mother. Int J Clin Pharmacol Biopharm 1975;12:19–32. 



58 Chapter 3

 18. Pharmacists ASOH-S, COR ASOH-SP. Ahfs Drug Information 2012. Maryland USA:Ashp; 
2012. 

 19. United Nations Office on Drugs and Crime. www.unodc.org. Accessed 1th of August 2015. 
 20. Roelofs-Thijssen MAMA, Schreuder MF, Hogeveen M, van Herwaarden AE. Reliable labora-

tory urinalysis results using a new standardised urine collection device. Clin Biochem 2013 
;46:1252–6. 

 21. Boix F, Wøien G, Sagvolden T. Short term storage of samples containing monoamines: 
ascorbic acid and glutathione give better protection against degradation than perchloric 
acid. J Neurosci Methods 1997;75:69–73. 

 22. van Praag HM. Psychofarmaca. van Gorcum; 2001. 
 23. Berg C, Backström T, Winberg S, Lindberg R, Brandt I. Developmental exposure to fluoxetine 

modulates the serotonin system in hypothalamus. PLoS ONE 2013;8:e55053. 
 24. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatrica Scan-

dinavica 1983;67:361–70. 
 25. Herrmann C. International experiences with the Hospital Anxiety and Depression Scale--a 

review of validation data and clinical results. J Psychosom Res 1997;42:17–41. 
 26. Dutch Perinatal Registration. www.perinatreg.nl accessed on the 1th of August 2015. 
 27. Kieviet N, van Ravenhorst M, Dolman KM, van de Ven PM, Heres M, Wennink H, et al. 

Adapted Finnegan scoring list for observation of anti-depressant exposed infants. J Matern 
Fetal Neonatal Med 2014;11:1–5. 

 28. Twisk JWR. Applied Longitudinal Data Analysis for Epidemiology. Cambridge; 2013. 
 29. Peters DA. Maternal stress increases fetal brain and neonatal cerebral cortex 5-hydroxy-

tryptamine synthesis in rats: a possible mechanism by which stress influences brain 
development. Pharmacol Biochem Behav 1990;35:943–7. 

 30. Pawluski JL, Galea LAM, Brain U, Papsdorf M, Oberlander TF. Neonatal S100B Protein Levels 
After Prenatal Exposure to Selective Serotonin Reuptake Inhibitors. Pediatrics 2009 Sep 
28;124:e662–70. 

 31. Marc DT, Ailts JW, Campeau DCA, Bull MJ, Olson KL. Neurotransmitters excreted in the 
urine as biomarkers of nervous system activity: validity and clinical applicability. Neurosci 
Biobehav Rev 2011;35:635–44. 

 32. Esler M, Lambert E, Alvarenga M, Socratous F, Richards J, Barton D, et al. Increased brain 
serotonin turnover in panic disorder patients in the absence of a panic attack: reduction by 
a selective serotonin reuptake inhibitor Stress 2007;10:295–304. 

 33. Birkenhäger TK, van den Broek WW, Fekkes D, Mulder PG, Moleman P, Bruijn JA. Lithium 
addition in antidepressant-resistant depression: effects on platelet 5-HT, plasma 5-HT and 
plasma 5-HIAA concentration. Prog Neuropsychopharmacol Biol Psychiatry 2007;31:1084–
8. 

 34. Sarrias MJ, Cabré P, Martínez E, Artigas F. Relationship between serotoninergic measures 
in blood and cerebrospinal fluid simultaneously obtained in humans. J Neurochem 1990 
;54:783–6. 






