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Abstract

Prenatal maternal depression is associated with developmental disorders in offspring. However, the specific effects of the
intensity of prenatal depressive symptoms on infant behavior remain poorly explored. The aim of this work is to explore
the links between early neonatal behavior and maternal prenatal depressive symptoms, independently from maternal pre-
and postnatal anxiety and early postnatal maternal depressive symptoms. Five hundred and ninety-eight women and their
newborns from the MATQUID cohort were prospectively evaluated during the 8th month of pregnancy (T1) and at day 3
postpartum (T2). We analyzed the independent associations between neonates’ behavior (Neonatal Behavioral Assessment
Scale—NBAS) at T2 and the intensity of maternal prenatal depressive symptoms (CES-D), taking into account confounding
factors including depressive symptoms at T2 and anxiety (T1 and T2). The presence of a major depressive episode (MDE)
based on MINI at T1 was also studied, independently. Our results show a significant negative correlation between prenatal
CES-D scores and NBAS scores on “habituation” (p =0.0001), “orientation” (p =0.015), “motor system” (p <0.0001),
“autonomic stability” (p <0.0001) dimensions, independently of other variables, including pre/postnatal anxiety and post-
natal depressive symptoms. A prenatal MDE was independently associated with lower scores on the “orientation” dimen-
sion (p =0.005). This study reports a specific effect of prenatal depressive symptoms on newborn’s behavior. These results
highlight the crucial necessity for antenatal screening and adjusted treatments of maternal depressive symptoms and not only
of MDE. Particular attention must be paid to infants of mothers presenting prenatal depressive symptoms to provide them
with early developmental care when necessary.
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Introduction

< Florence Gressier

florence.gressier @aphp.fr The perinatal period is associated with somatic hormonal

and psychological changes, with a high risk of developing
psychiatric symptoms [1]. Prenatal maternal depression
occurs in 8—12% of women in high-income countries [2]
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with a higher frequency of emotional, cognitive and behav-
ioral disturbances in their children [3]. Several epidemio-
logical studies reported that maternal depressive symptoms
during pregnancy are associated with poorer child neurode-
velopment [4-7]. A recent meta-analysis found maternal
prenatal stress is associated with offspring socioemotional
development, with the effect size for prenatal depression
being more robust than for anxiety [8]. Very early intrau-
terine genetic, epigenetic as well as biochemical processes
have been involved in the occurrence of these developmen-
tal disorders [3, 9—11]. However, postnatal environmental
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factors such as exposure to stressful situation and particu-
larly maternal depression have also been associated with
impaired neurodevelopment. Infant regulatory behavior
problems already during the first month of life could pre-
dict neurobehavioral outcomes [12]. In addition, neonatal
behavioral characteristics could have a significant impact
on later occurrence of maternal postnatal depressive symp-
toms [13], emphasizing the bi-directionality of the effect of
both maternal mental health and infant development. Indeed,
infant regulatory behaviors in the first month of life par-
tially mediated the effect of maternal depressive symptoms
[12]. Thus, there is a particular interest in looking at the
very early characteristics of the neonates to disentangle the
part of infant vulnerability from later exposure to maternal
depression.

Several studies evaluated the impact of maternal antena-
tal depression on neonatal behaviors reporting less optimal
behaviors in exposed newborns [14-24]. The most repli-
cated finding was for less optimal orientation in association
with antenatal depression. Newborns exposed to maternal
prenatal depression were more irritable and less consolable
[25], responded less to facial expressions compared with
newborns of non-depressed mothers [26] and showed more
difficulty discriminating mother’s voice [27]. These babies
had also more frequent sleep disorders [28] and a lower
vagal tone [9].

One of the important limitations of all these studies is
their small sample size (between 80 and 160 mothers).
Moreover, only few studies have considered the presence of
maternal depression [15, 18, 21] or maternal anxiety [18]
at the time of the Neonatal Behavioral Assessment Scale
(NBAS) as possible confounding factors. In addition, these
studies evaluated prenatal depression in a categorical way,
using different threshold score on different scales: CES-D
(=16: [11, 14];>16: [9, 10]), Beck Depression Inven-
tory (BDI) (> 13: [19]; > 13: [14]), Edinburgh Postnatal
Depression Scale (EPDS) (> 10: [15];>9: [22]), Mont-
gomery—Asberg Depression Rating Scale (MADRS) (> 15:
[18]). Five studies also associated a standardized interview
[14, 18-20, 23].

Moreover, subclinical depression during pregnancy,
defined as depression that exceeds empirically established
symptom scale cutoff scores, but does not meet diagnostic
criteria for a MDE, has been found to be associated with
problems in women’s functioning equal in severity and
breadth to those associated with MDE [28]. Therefore, not
only major depression but also depressive symptoms might
be associated with lower newborn neurobehavioral function-
ing compared to non-exposed newborns.

Regarding all these preceding results, we hypothesized
that the level of prenatal depressive symptoms could be
negatively correlated with NBAS scores. The aim of the pre-
sent study is to explore the links between prenatal maternal
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depressive symptoms and very early neonatal behavio-
ral characteristics, independently from pre- and postnatal
maternal anxiety, and from postnatal maternal depressive
symptoms.

Methods
Participants

The present study used the database of the MATQUID
cohort study, previously described [29]. Briefly, women
were included if they fulfilled the following criteria: (a)
written informed consent to participate in the study; (b) flu-
ency in French language; (c) living in the catchment area of
the hospital (Bordeaux or close suburbs); (d) no personal
history of psychotic illness; (e) no multiple pregnancy or
in vitro fertilization for the current pregnancy; (f) less than
1 week of hospitalization due to complications of pregnancy;
and (g) no planned cesarean section. Women were subse-
quently excluded after delivery in the case of premature
birth (fewer than 37 weeks’ gestational age) or unplanned
cesarean delivery.

On the 945 women fulfilling the inclusion criteria who
were screened for participation in the survey, 598 were
assessed during the third trimester of pregnancy (Time 1:
T1) and 594 were assessed at day 3 (Time 2: T2): 2 women
refused to continue the study, 1 had been lost sight of, and 1
child had died. In addition, neonatal behavior could not be
evaluated for 69 infants (Fig. 1).

Ethical considerations

Written consent was obtained.

This study was approved by the ethical committee of the
Bordeaux University (Comité Consultatif pour la Protection
des Personnes dans les Recherches Biomédicales).

Baseline interview during pregnancy (T1)

This interview was carried out by research psychologists and
took place at the maternity hospital during the third trimes-
ter. Sociodemographic information were collected: maternal
age, parity (primiparous or multiparous), marital status, edu-
cational level (categorized as < 12 vs.> 12 years), income
in euros per month (categorized in < 1524 euros or > 1524
euros), a history of self-reported depressive episode, psy-
chotropic treatments during pregnancy, and smoking before
pregnancy. The presence of maternal obstetrical complica-
tions evaluated on women self-report was also considered.
The marital relationship was explored through the
French version of the “Dyadic Adjustment Scale”, a 32-item
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Fig. 1 Flow chart. NBAS Neo-
natal Behavioral Assessment
Scale, PP post-partum

T1: 8th month pregnancy

T2: 3rd day PP

Patients eligible for inclusion
N=945

- Initial refusal n =47

- Unreachable by phone n = 64

- Refusal after phone contact n =225
- Absence at the first interview n = 11

]

A

Patients included at T1

N =598

- Refusaln=2
- Loss to follow-up n =1
- Death of the baby n =1

Patients included at T2

N=594

v

Results according to accessible NBAS scores N=525 assessments

= Habituation n =225

= Orientation n = 366

Motor system n = 454
Range of states n =470
Regulation of states n =259
Autonomic stability n=504

Newborns assessment

Legend : NBAS = Neonatal Behavioral Assessment Scale ; PP = Post-Partum

self-report questionnaire which scores can range from 0 to
151 [30, 31].

The mental state of the women at this time was evaluated
by different interviews. Dimensional intensity of maternal
depressive symptoms was assessed using the French version
of the Center for Epidemiological Studies Depression-Scale
(CES-D) [32, 33], a 20 self-report questionnaire on which
scores can range from 0 to 60. The existence of a character-
ized MDE was evaluated using the MINI (Mini-International
Neuropsychiatric Interview), a standardized diagnostic inter-
view aiming at providing DSM-IV-R diagnosis (Diagnos-
tic and Statistical Manual of Mental Disorders revised, 4th
Edition) [28]. Finally, anxiety was assessed using a self-
administered questionnaire the Bonis Anxiety Trait-State
Inventory (BATE) [29] taking into account psychological
factors, somatic factors, and specific fears, a 37-item self-
report questionnaire, which scores from 0 to 148.

Interview at day 3 after birth (T2)

This interview was carried out by research psychologists
which took place at the maternity hospital, 3 days after
delivery.

Maternal mental state was assessed with CES-D [32, 33],
MINI [34], and BATE [35].

Infant neonatal data were collected from the infant’s fills:
sex, birth weight (low birth weight being <2500 g), cephalic
perimeter (small perimeter being <33 cm), and Apgar index
at 1st min (low index being < 7).

Psychologists were trained to rate the NBAS in a training
session performed in a reference centre using a validated
standardized procedure for the French NBAS version. Psy-
chologists were not informed of the hypothesis tested in this
study. Three days after delivery, infant neonatal behavior
was assessed by psychologists trained to reliability, who
were blind to maternal mental state, using the Neonatal
Behavioral Assessment Scale (NBAS) [36].

This scale is designed to evaluate neonatal behavior until
the age of 30 days. It is a standardized assessment tool in
which neonatal behaviors are elicited in response to a range
of stimuli yielding scores on the seven following clusters
of behavioral and reflex items: (a) habituation (ability to
respond and to inhibit the response to discontinuous stimuli
while asleep), (b) orientation (includes the ability to attend
to visual and auditory stimuli and the quality of overall
alertness), (c) motor skills (motor performance and quality
of movement and tone), (d) range of states (infant arousal
and state lability), (e) regulation of states (infant’s ability
to regulate his or her states in the face of increasing levels
of stimulation), and (f) autonomic stability (signs of stress
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related to the homeostatic adjustments of central nervous
system). Each dimension included several subcategories,
which were each rated from 1 (not optimal competence) to
9 (maximum skill). The evaluation of a newborn with the
NBAS requires specific conditions to be optimum because
infant reactions are state related; for example, the infant must
be sleepy at the beginning to test habituation. The number of
participants for whom information was available was not the
same for the six clusters of the test because some infants did
not fulfill the criteria for evaluation of all dimensions at the
time of the assessment (e.g., an infant who was not asleep at
the beginning of the test was not evaluated on the habitua-
tion dimension, but was assessed on the other dimensions).

Statistical analysis

We first conducted a descriptive analysis of socio-demo-
graphic data, pregnancy-related and newborn characteristics.
Quantitative variables were described by mean and standard
deviation and categorical variables by percentages. Note that
considering NBAS scores, the number of participants for
whom information was available was not the same for the
six clusters, as some infants did not fulfill the criteria for
evaluation of all dimensions at the time of the assessment
(e.g., an infant who was not asleep at the beginning of the
test was not evaluated on the habituation dimension, but was
assessed on the other dimensions).

Second, we tested the correlations between CES-D scores
considered dimensionally and neonatal behavioral charac-
teristics (NBAS) using Pearson correlation test. Multivari-
ate analyzes were then performed, using a multiple linear
regression taking into account the missing data with a Gibbs
sample [37]. The correlations between the CES-D scores and
the different categories of the NBAS score were adjusted on
several variables considered as a priori potential confound-
ers (maternal age, child gender, marital status, economic sta-
tus, education, treatment during pregnancy, smoking before
pregnancy, birth weight, cephalic perimeter, Apgar index at
Ist min) (Model 1). We then adjusted also on depression and
anxiety variables (Model 2): history of self-reported major
depressive episode, CES-D score at T2, BATE score at T1
and T2 and dyadic adjustment scale score at T1. The valid-
ity of our multiple linear regression statistical model was
evaluated by a graph in the statistics software, evaluating
the normality of residuals.

Third, to provide data comparable to preceding results on
the topic, the sample was divided into two categorical sub-
groups: MDE and no-MDE according to the MINI (T1). We
then explored the association between the presence of pre-
natal MDE and neonate behavioral characteristics (NBAS)
by multivariate analyses performed with the same plan of
analyses reported previously.

@ Springer

All statistical analyses were performed using the R Ver-
sion 2.14.1 software. Statistical tests were two-sided with a
significance level set at 0.05.

Results
Characteristics of the sample

The final sample included 598 women at T1 and 594
mother—child dyads at T2. Women were aged 19-42 years
[29.38 (4.36) years]. Sixty-four percent of them were pri-
miparous. The majority of women lived with a partner
(94.64%), had a good educational level (69.51% had a level
higher than bachelor’s degree) and a medium to high eco-
nomic level (> 1524 euros/month). The majority (82.11%)
had no history of self-reported major depressive episode and
did not take any psychotropic treatment during pregnancy
(87.94%). At T1, mean BATE score was 18.22 (13.94), mean
CESD score was 11.35 (7.63), and 30 (5.06%) women had
a MDE following the MINI. There was no reported delivery
complication for the wide majority of the children (86.31%).
At T2, mean BATE score was 18.70 (13.52), mean CESD
score was 10.7 (7.77), and 18 (3.26%) women had a MDE.

Regarding newborns, owing to the inclusion criteria,
no child was premature. Five (0.91%) of them had a birth
weight less than 2500 g, 33 (7.35%) had a cephalic perimeter
below 33 cm and 6 (1.17%) had an Apgar index below 7 at
1st min (Table 1). NBAS scores are described in Table 1.

In bivariate analyses, prenatal maternal CES-D scores
were significantly negatively correlated to habituation, ori-
entation—interaction, motor system and autonomic stability
scores (Table 2). Same results were found in Model 1. In
the most adjusted model (Model 2), including past-MDE,
CES-D scores at T2, BATE scores during pregnancy and
T2, and dyadic adjustment scale scores during pregnancy,
assessed quantitatively, prenatal maternal CES-D scores
were significantly negatively correlated to habituation, ori-
entation—interaction, motor system and autonomic stability
scores (Fig. 2).

Note that, in the most adjusted model (Model 2), there
was no statistically significant association between CES-D
scores at T2 and NBAS after taking into account potential
confounding variables (gender, child gender, marital status,
economic status, education, history of self-reported major
depressive episode, treatment during pregnancy, smoking
before pregnancy, birth weight, cephalic perimeter, Apgar
index at 1st min, maternal age, CES-D score at T1, BATE
score at T1 and T2 and dyadic adjustment scale score at T1)
(Table 3).

In the sample, 30 women (5.06%) had a diagnosis of
prenatal MDE following the MINI. At T1, these depressed
women had a significantly higher anxiety score (p <0.001),



European Child & Adolescent Psychiatry (2020) 29:515-526

519

Table 1 Characteristics of the

Sample characteristics
sample (n=>598)

n (%) or mean [sd]

T1
Mother’s age (n=593)
Parity (n=596) primiparity
Infant gender (n=568) male

Marital status (n=597) married

Education (n=597) primary/secondary

Income per month (n=598) < 1524 euros

Past history of self-reported depressive episode (n=2598) yes
Treatment during pregnancy (n=597) yes

Smoking before pregnancy (n=1598) yes

Physical complications during pregnancy (n=577) yes
Major depressive episode (n=593) yes

CES-D score (n=531)
BATE score (n=545)

Dyadic adjustment score (n=468)

T2

Low birth weight (<2500 g) (n=548) yes
Cephalic perimeter (cm) (n =449) <33
Apgar index Ist min (n=511)<7

Major depressive episode (n=552) yes

CES-D score (n=498)
BATE score (n=512)

NBAS
Habituation (n=225)
Orientation (n=366)
Motor system (n=454)
Range of states (n=470)
Regulation of states (n=259)
Autonomic stability (n=504)

29.38 [4.36]
384 (64.43)
289 (50.88)
565 (94.64)
182 (30.49)
171 (28.60)
107 (17.89)
72 (12.06)
261 (43.65)
79 (13.69)
30 (5.06)
11.35 [7.63]
18.22 [13.94]
122 [13.29]

5(0.91)
33 (7.35)

6 (1.17)

18 (3.26)
10.7 [7.77]
18.70 [13.52]

6.54[1.19]
5.05 [1.44]
4.65[0.71]
3.28 [1.24]
4.42[1.18]
5.95[1.13]

BATE Bonis Anxiety Trait-State Inventory, CES-D Center for Epidemiologic Studies-Depression Scale,
NBAS Neonatal Behavioral Assessment Scale Assessment Scale

lower quality of dyadic adjustment (p =0.0001), lower
income (p=0.007), lower educational level (p <0.05) and
more frequent past history of self-reported depressive epi-
sode (p <0.0001) than non-depressed women (Table 4).

In Model 2, a prenatal MDE was significantly associated
with lower scores in the orientation—interaction dimension,
independently of other variables, compared to no prenatal
MDE. In addition, there was a tendency for an association
between a prenatal MDE and lower scores in the “motor
system” and “habituation” clusters (Table 5).

Discussion

Our study shows in a non-clinical sample a negative impact
of the intensity of prenatal depressive symptoms on neona-
tal infant behavior, independently from neonatal depressive
symptoms and from perinatal anxiety. Our results showed a

significant negative correlation between maternal prenatal
CES-D scores and habituation, orientation, motor system
and autonomic stability infant scores, independently from
CES-D scores at T2 as well as from pre- and postnatal anxi-
ety. In addition, a prenatal maternal categorical MDE was
significantly associated with a lower score in the orientation
dimension and a tendency for lower scores in “habituation”
and “motor system” clusters, independently of other vari-
ables, including a postnatal maternal MDE at T2 and pre-
and/or postnatal anxiety.

Previous studies interested in the consequences of a
prenatal maternal depressive episode on the NBAS scores
showed worse performances for depressed mothers’ new-
borns in several clusters of infant behaviors: orientation [14,
16, 17, 20, 23, 24], habituation [16, 17, 23], motor system
[16, 17, 23], range of states [17, 19], regulation of states
[18, 21, 23] and autonomic stability [17, 19, 22, 23]. But the
large majority of these studies suffer from a major limitation,
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Table 2 Association between antenatal CES-D scores at T1 and NBAS scores

NBAS scores Bivariate analyses

Multivariate analyses

Model 1

Model 2

Regression coefficients )4

Regression coefficients  p

2 Regression coefficients  p°

Habituation (n=225)
Orientation (n=361)

—0.14 [- 0.27; — 0.0001]  0.04
—0.11 [-0.22; — 0.0001]  0.04
Motor system (n=451) —-0.22[-0.32; = 0.13] <0.00001
Range of states (n=465) 0.06 [— 0.03; 0.16] 0.21
Regulation of states (n=256) — 0.11 [— 0.24; 0.02] 0.09
Autonomic stability (n=499) — 0.16 [— 0.24; — 0.06] 0.001

—0.03 [- 0.04; — 0.02]
—0.02 [- 0.04; — 0.002]
—0.02 [-0.03; — 0.01]
0.01 [-0.001; 0.03] 0.07
— 0.005 [— 0.02; 0.008] 0.42
—0.02 [- 0.03; — 0.005]

<0.0001 —-0.03 [-0.04; —0.02]  0.0001
0.028 —0.03[—0.04; — 0.01] 0.015
<0.0001 -0.02[-0.03; —0.01] <0.0001
0.02 [-0.01; 0.02] 0.06
—0.01 [-0.02; 0.01] 0.12

0.007 —0.04 [-0.05; —0.02] <0.0001

NBAS Neonatal Behavioral Assessment Scale, Model 1 adjusted for: maternal age, parity, marital status, sex of the child, socio-educational level,
income in euros per month, treatment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic
perimeter, Apgar index at 1st min, Model 2 adjusted for covariates in Model 1 and for anxiety/depression variables: a history of self-reported
depressive episode, BATE score at T1 and T2, Dyadic Adjustment score at T1, CES-D at T2

# After adjustment for variables: maternal age, parity, marital status, sex of the child, socio-educational level, income in euros per month, treat-
ment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic perimeter, Apgar index at 1st min

bAfter adjustment for previous variables and a history of self-reported depressive episode, BATE score at T1 and T2, dyadic adjustment score at

T1, CES-D at T2

that is most often anxiety and neonatal depression were not
considered in the analyses. And they used mainly categori-
cal diagnosis.

All the works on this topic, including our, highlights the
impact of prenatal maternal depressive symptoms or depres-
sion on the abilities of the newborn in dimensions with a
high relational potential (specially orientation). Indeed, the
orientation cluster involves the visual and sound interac-
tions, which are privileged means of communication for the
dyad.

Our results suggest that infants of mothers with depres-
sive symptoms during pregnancy may have early signs of
exposure to these symptoms during intrauterine life, with
less optimal newborn competencies at birth, especially ori-
entation, possibly leading to an implementation of disturbed
infant-mother and vice versa interactions.

Slower scores on habituation, which refers to the ability
to respond to and inhibit discrete stimuli while asleep, could
be related to elevated arousal. Indeed, neonates of depressed
mothers have higher fetal heart rate (FHR), lower vagal tone
and elevated cortisol levels [9].

Lower scores on autonomic stability reflect signs of stress
related to homeostatic adjustments of the central nervous
system [36]. Lower scores could be linked to less autonomic
nervous system (ANS) regulation and lower FHR variabil-
ity, linked to lower neurobehavioral maturity during gesta-
tion in case of mother’s depression [22]. Lower scores on
motor items sign lower motor performance and less quality
of movement and tone.

Lower scores on orientation are linked to difficulty
attending and orientating to stimuli and the quality of over-
all alertness. This could be related to the lesser attentiveness

@ Springer

Fig.2 Correlations between CES-D scores at T1 and NBAS scores »
at T2. NBAS Neonatal Behavioral Assessment Scale, p value after
adjustment for variables: parity, marital status, sex of the child,
socio-educational level, income in euros per month, a history of
self-reported depressive episode, treatment during pregnancy, smok-
ing before pregnancy, physical maternal complications, birth weight,
cephalic perimeter, Apgar index at st min, maternal age, BATE
score at T1 and T2, dyadic adjustment score at T1, CES-D at T2

previously described in face-to-face interactions by infants
of depressed mothers [38].

Among the seven established NBAS cluster scores, the
most replicated finding was for less optimal orientation in
association with antenatal depression [19]. In addition, this
subscale has most often been found to predict later infant
functioning [19]. Therefore, lower scores on orientation in
infant exposed to prenatal maternal categorical MDE could
predict impairment development.

One possible explanation is that stress causes increased
transfer of maternal cortisol across the placenta to the
fetus. Prenatal stress can reduce placental 11p-HSD?2,
the enzyme which metabolizes cortisol to inactive cor-
tisone. This alters fetal programming [39]. Level of cor-
tisol has been inversely correlated with infant cognitive
development. Serotonin is another possible mediator of
prenatal stress induced programming effects on offspring
development. In addition, epigenetic changes in the child
have been reported to start after prenatal stress [40].
Another explanation is the increase of uterine artery resist-
ance with limited blood flow to the fetus. Higher placental
NR3C1 mRNA was reported to partly mediate the associa-
tion between maternal depressive symptoms during preg-
nancy and infant regulatory behaviors [41].
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Table 3 Association between CES-D scores at T2 and NBAS scores

NBAS scores Bivariate analyses

Multivariate analyses

Regression coefficients p Model 1 Model 2

P Regression coefficients p? Regression coefficients  p°
Habituation (n=225) —0.15[-0.28; = 0.001] 0.04 —0.04[- 0.05; —0.02] <0.0001 —0.01[-0.02;0.01] 0.60
Orientation (n=361) —0.03 [- 0.14; 0.08] 0.58 —0.01 [- 0.03; 0.006] 0.24 —0.01 [- 0.01; 0.04] 0.41
Motor system (n=451) —0.12 [- 0.22; — 0.03] 0.01 —0.008 [-0.015; — 0.001] 0.03 —0.01 [-0.02;0.001] 0.15
Range of states (n=465) 0.03 [- 0.07; 0.12] 0.59  0.01 [-0.001;0.02] 0.07 —0.02 [- 0.01; 0.02] 0.11
Regulation of states (n=256) — 0.02 [— 0.15; 0.12] 0.81 0.01[0.001;0.03] 0.04 0.01 [- 0.01; 0.03] 0.26
Autonomic stability (n=499) —0.08 [-0.17; 0.01] 0.08 —0.02[-0.03; —0.003] 0.01 —0.02 [- 0.03; 0.01] 0.10

NBAS Neonatal Behavioral Assessment Scale, Model 1 adjusted for maternal age, parity, marital status, sex of the child, socio-educational level,
income in euros per month, treatment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic
perimeter, Apgar index at 1st min, Model 2 adjusted for covariates in Model 1 and for depression/anxiety variables: a history of self-reported
depressive episode, BATE score at T1 and T2, dyadic adjustment score at T1, CES-D at T1

# After adjustment for variables: maternal age, parity, marital status, sex of the child, socio-educational level, income in euros per month, treat-
ment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic perimeter, Apgar index at 1st min

bAfter adjustment for previous variables and a history of self-reported depressive episode, BATE score at T1 and T2, dyadic adjustment score at

T1, CES-D at T1

To our knowledge, our study is the first to evaluate the
links between the intensity of maternal prenatal depres-
sive symptoms and infant’s performance on the NBAS in a
population of mothers not at risk for postnatal depression.
Only Goodman et al. [19] previously searched for a correla-
tion between the intensity of prenatal depressive symptoms
and NBAS scores, but in a population at risk for prenatal
depression due to a past history of depression and reported
a significant negative correlation between the average score
on the BDI (Beck Depression Inventory) and some NBAS
dimensions scores (orientation, range of state and autonomic
stability).

Our work highlights very early effects of the gradient of
intensity of maternal prenatal depressive symptoms on the
infant skills, and not only the effects of a MDE, in a popu-
lation at low risk for perinatal depression. Previous stud-
ies showed that NBAS is an appropriate tool for detecting
behaviors in healthy infants [42—47].

Those results have implications for clinicians working
in perinatal care by showing the importance of detecting
depressive symptoms, even subclinical. Therefore, this study
highlights the crucial necessity for antenatal screening and
adjusted psychotherapeutic and/or pharmacological treat-
ments of maternal depressive symptoms and not only in
case of MDE.

Limitation
The prevalence of a MDE at T1 (5.06%) was lower than
reported in literature, estimated at 8.5% at the third tri-

mester of pregnancy [2]. However, women included in our
sample reported a good level of education and a medium to

@ Springer

high socio-economic level, which are protective factors for
depression [48].

A prenatal MDE was significantly statistically associated
only with lower scores in the orientation—interaction dimen-
sion in the most adjusted model (Model 2), compared to no
prenatal MDE. However, only 30 mothers were diagnosed
with prenatal MDE which could limit the statistical power
of the analysis.

Our work relies on an assessment of the maternal mental
state at 8 month of pregnancy. Therefore, our results regard-
ing the effect of prenatal depression on NBAS scores cannot
be generalized to the entire pregnancy period. An absence
of third-trimester depression should not be interpreted to no
antenatal depression. However, being depressed in the third
trimester was associated with infants having a decrease score
in state of organization and irritability, when the experience
in the two other trimesters was the same [19].

We did not have data on the consumption of tobacco
during pregnancy which would have permitted to sort out
which are the specific effects of tobacco exposure during
pregnancy compared with the effect of antenatal depres-
sion on the behavior of the newborn. Indeed, recent data of
the French EDEN Mother—Child cohort study highlight the
interest of taking into account the role of potential mediat-
ing variables in the analysis of maternal mental health and
child’s development [49, 50].

However, there is a likely bias in responses regarding
consumption with under-reporting expected in the context
of pregnancy, especially during the third trimester. Cigarette
smoking before pregnancy, which can be a good proxy, was
assessed and included in our analyses as potential confound-
ing factor.
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Table 4 Characteristics of women with MDE and women with no MDE at T1: bivariate analyses
n=593 Major depressive episode No major depressive  Statistics p value
n=30 episode
n (%) or mean [sd] n=563
n (%) or mean [sd]
CES-D scores T1 26.08 [8.71] 10.53 [6.74] —11.28 <0.00001
Mother’s age (years) 29.33 [5.18] 29.39 [4.31] 0.19 0.84
Parity 0.02 0.88
0 (n=382) 19 (63.33) 363 (64.71)
>0 (n=209) 11 (36.67) 198 (35.29)
Income per month 7.31 0.007
< 1524 euros (n=104) 15 (50.00) 153 (27.18)
> 1524 euros (n=381) 15 (50.00) 410 (72.82)
Marital status 0.20 0.66
Married, concubinage (n=>561) 28 (96.55) 533 (94.67)
Celibacy/divorced/widowed (n=31) 1(3.45) 30 (5.33)
Education 3.86 <0.05
Primary/secondary (n=154) 14 (46.67) 140 (27.94)
Higher (n=377) 16 (53.33) 361 (72.06)
Past history of self-reported depressive episode 3292 <0.0001
Yes (n=105) 17 (56.67) 88 (15.63)
No (n=488) 13 (43.33) 475 (84.37)
Treatment during pregnancy 0.71 0.40
Yes (n="70) 5(16.67) 65 (11.57)
No (n=522) 25 (83.33) 497 (88.43)
Smoking before pregnancy 0.11 0.73
Yes (n=259) 14 (46.67) 245 (43.52)
No (n=334) 16 (53.33) 318 (56.48)
Infant gender 1.38 0.24
Male (n=284) 12 (40.00) 272 (51.03)
Female (n=279) 18 (60.00) 261 (48.97)
Somatic complication during pregnancy 0.002 0.96
Yes (n="78) 4(13.33) 74 (13.65)
No (n=494) 26 (86.67) 468 (86.35)
Low birth weight (<2500 g) 0.27 0.60
Yes (n=5) 0 (0.00) 5(0.97)
No (n=539) 28 (100.00) 511 (99.03)
Cephalic perimeter (cm) 0.13 0.72
<33 (n=33) 1(5.26) 32 (7.49)
>33 (n=413) 18 (94.74) 395 (92.51)
Apgar index 1st min 2.07 0.15
<7(n=6) 1(4.35) 5(1.03)
>7(n=502) 22 (95.65) 480 (98.97)
BATE scores T1 41.21[19.33] 16.88 [12.35] -9.80 <0.0001
Dyadic adjustment score 111.74 [20.71] 122.63[12.55] 3.90 0.0001

MDE major depressive episode, BATE Bonis Anxiety Trait-State Inventory

Unfortunately, prenatal alcohol and other toxics exposure
which can affect infant neurodevelopment [51], were not
assessed in this study. Indeed, for example, prenatal alcohol
exposure was associated with increased infant emotional

withdrawal and decreased activity at 6.5 months [52].
Guidelines recommended systematic screening of alcohol
during pregnancy using validated questionnaires (AUDIT-
C or T-ACE or TWEAK) [53]. However, as our sample is
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Table 5 Association between antenatal MDE at T1 and NBAS scores

NBAS scores Bivariate analyses

Multivariate analyses

MDE No MDE Statistics P Model 1 Model 2
Statistics p? Statistics PP
Habituation (n=225) 6.19 [1.47] 6.56 [1.21] 0.99 0.32 -3.09 0.002 —-1.65 0.10
Orientation (n=361) 4.59 [1.95] 5.09 [1.51] 1.57 0.12 0.28 0.06 —-2.84 0.005
Motor system (n=451) 4.51 [0.60] 4.66 [0.73] 1.02 0.30 —0.40 0.69 1.83 0.07
Range of states (n=465) 3.57 [1.21] 3.26 [1.18] -1.17 0.24 1.66 0.10 1.49 0.14
Regulation of states (n=256) 4.09 [1.08] 4.4511.29] 1.14 0.26 0.85 0.40 0.12 0.91
Autonomic stability (n=499) 5.81[1.38] 5.95[1.29] 0.52 0.60 -0.75 0.45 -3.23 0.55

MDE major depressive episode, Model 1 adjusted for: maternal age, parity, marital status, sex of the child, socio-educational level, income in
euros per month, treatment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic perimeter, and
Apgar index at 1st min, Model 2 adjusted for covariates in Model 1 and for depression/anxiety variables: a history of self-reported depressive
episode, BATE score at T1 and T2, dyadic adjustment score at T1, major depressive episode at T2, NBAS Neonatal Behavioral Assessment Scale

# After adjustment for variables: maternal age, parity, marital status, sex of the child, socio-educational level, income in euros per month, treat-
ment during pregnancy, smoking before pregnancy, physical maternal complications, birth weight, cephalic perimeter, and Apgar index at 1st

min

b After adjustment for previous variables and a history of self-reported depressive episode, BATE score at T1 and T2, dyadic adjustment score at

T1, and major depressive episode at T2

a non-clinical one, level of consumption of alcohol can be
expected to be low.

We did not have details concerning psychotropic medica-
tions intake during pregnancy that could have consequences
on the baby [54]. However, psychotropic medication intake
was included in our analyses as potential confounding factor.

In addition, some of the confounders in the analyses (low
birth weight, low cephalic perimeter, low Apgar index 1st
min) could rather be potential mediators than confounders.
Moreover, CES-D during pregnancy and at birth are highly
correlated (Corr: 0.54, 95% CI 0.47-0.60; p <2.2e—16).

There is a potential risk of multicollinearity. However,
the confidence intervals of the CES-D are not wide (CES-D
T1: 11.35 [10.70-12.00]; CES-D T2: 10.7 [10.02-11.38])
suggesting that, on a pure statistical point of view, since the
confidence intervals of the estimates are rather narrows we
do not face this problem here. In addition, bivariate analyses,
Models 1 and 2 reported same associations.

The newborn behavior using the NBAS was only assessed
at day 3. A second NBAS assessment would have increased
the power of the study, even though the test retest validity of
the NBAS is known to be poor. It would have been relevant
to measure it again 2 weeks later, as recommended [36] and
to have information on how the maternal symptoms and the
NBAS scores would relate.

In addition, the fact that no association was reported
with CESD after birth and NBAS could be explained by
the potential relief of depressive symptoms just after the
delivery.

@ Springer

Strengths

The MATQUID cohort, with 598 mothers and their infants
included is, at our knowledge, the largest one focusing on
prenatal depressive symptoms and NBAS scores. Premature
birth which could have an impact on neonate’s behavioral
characteristics was an exclusion criterion.

Statistical results relied on multivariate analyzes adjust-
ing our results in other potentially explanatory variables.
The validity of our multiple linear regression statistical
models evaluated by a graph was correct (data not shown).
No statistically significant correlation was reported
between postnatal CES-D scores and NBAS at T2. In the
same way, Pacheco and Figueiredo [21] found that depres-
sion at childbirth does not contribute to the effects of ante-
natal depression (during the third trimester) on neonate
behavioral development [21]. In addition, depression dur-
ing pregnancy but not at birth was found to explain the
newborn’s preference for the mother’s face/voice [55].

The cohort included women not at high risk for peri-
natal MDE (high educational level and socio-economic
status, few of them had past histories of depression). This
specificity might have led to negative findings (i.e., lack of
the association between exposure and outcome variables)
by attenuating the strength of the association between
MDE and neonatal behavioral characteristics. Thus, the
consideration of this bias enhances the strengths of the
results.
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Finally, this study relies on the largest cohort evaluating
the consequences of prenatal depressive symptoms on neo-
natal skills with different approach considering the dimen-
sional intensity of depressive symptoms with CES-D scores
and the diagnosis of MDE based on MINI.

Conclusions

Our study highlights the effects of the intensity of maternal
prenatal depressive symptoms on newborns’ behavior, and
not only the effects of a MDE.

Perinatal health professionals should be trained to screen
factors of psychological vulnerability and maternal depres-
sive symptoms, because the early management of perinatal
depressive symptoms could possibly decrease the vulnerabil-
ity of these newborns. A particular attention must be paid
to early developmental characteristics of infants of mothers
with prenatal depressive symptoms to provide them with
early developmental care when necessary.

The multidisciplinary management starting in pre-partum
should be continued in the postpartum period with vigilance
paid to interaction within the dyad and clinical observation
of the baby to support and optimize neonatal skills.

Further studies are needed to better characterize the
specific mechanisms involved in the association between
prenatal depressive symptoms and infant developmental
consequences.
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