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Abstract: A preterm birth represents a stressful event having potentially negative long-term con-
sequences. Thirty-three children born preterm (<33 weeks gestational age) and eleven full-term
children participated in a nine-year longitudinal study. Perinatal Risk Inventory (PERI) was used at
birth to assess the perinatal stress. Salivary cortisol, collected four times a day over two consecutive
days, was measured with radioimmunoassay technique at six months and nine years to assess the
hypothalamic-pituitary-adrenal (HPA) axis. Mothers reported post-traumatic symptoms on a self-
report questionnaire 12 months after their child’s birth and children’s adjustment problems at 9 years
of child age on the Child Behavior Checklist. Results showed a significant difference in cortisol
regulation at nine years between preterm and full-term children but no differences in adjustment
problems. Whereas biological factors (i.e., PERI, cortisol regulation at six months) explained cortisol
at nine years, maternal post-traumatic symptoms were predictive of adjustment problems in their
child. In conclusion, very preterm birth has some long-term consequences on the HPA-axis regulation
at nine years. Although cortisol regulation is mostly influenced by biological factors, the presence of
maternal post-traumatic symptoms predicts the manifestation of adjustment problems in both groups.
This shows the importance of maternal psychological well-being for child development. Further
research is needed to understand the exact consequences of premature birth on cortisol regulation
and the implication for the child’s development and health.

Keywords: prematurity; child’s behaviors problems; child’s emotional problems; HPA axis
regulation; follow-up

1. Introduction
1.1. Prematurity

Preterm birth is defined [1] by birth before 37 weeks of gestation (with sub-categories:
moderate preterm—32 to 37 weeks, very preterm—28 to 32 weeks, and extremely preterm—
less than 28 weeks). It represented 10% of all living births worldwide [1] and 6.4% in
Switzerland, in 2020 [2].

Recent progress in medical techniques and care instructions of preterm infants has
enabled to increase the survival rate of premature infants [3–5]. However, it is nowadays
well established that premature birth has an important impact on the infant and the family
not only at birth but also on long-term [6,7]. Indeed, preterm children are at higher
risk for long-term medical and developmental difficulties [6,8,9]. In particular, it has
been recognized that preterm-born children are more at risk of presenting maladaptive
self-regulation skills including stress response system regulation such as the hypothalamic-
pituitary-adrenal (HPA) axis [10], as well as the development of behavioral (or externalizing)
and emotional (or internalizing) problems [11].
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Although some studies have shown that preterm children were more at risk to de-
velop internalizing and externalizing problems [6,7,12], other studies did not observe
any difference between preterm and full-term children [13,14]. Internalizing and exter-
nalizing problems are often co-morbid and closely related to each other in children and
adolescents [15–17]. They differ in the way of expressing the distress, either inwardly
(i.e., internalizing: depression, anxiety) or outwardly directed (i.e., externalizing: conduct
disorder, substance abuse) [18,19]. In our study, we will consider both internalizing and/or
externalizing problems and examine them together to define the presence of adjustment
problems [20,21].

1.2. Preterm Birth: A Stressful Event

Preterm birth can be a particularly stressful event for the newborn and their parents.
More specifically, in the context of prematurity, two types of stress might be articulated:
perinatal stress (newborn’s stress such as neonatal complications, painful medical proce-
dures) and parental stress (e.g., post-traumatic stress disorder, depression). Early exposure
to repeated stress put the preterm-born children at risk for developing behavioral and emo-
tional problems or in other terms, adjustment difficulties [6,11,22]. These difficulties [20,21]
often persist into adolescence and early adulthood [23] and can have an important negative
impact on their quality of life and their family [24].

1.2.1. Stress Regulation: Hypothalamic-Pituitary-Adrenal (HPA) Axis

From a biological point of view, a stressful event activates the neuro-endocrinologic
pathways and more specifically the HPA axis, which results in the release of cortisol [25–27].
Beyond the reactivity to a stressful event, the HPA axis also has a circadian rhythm with a
high cortisol level in the morning, a gradual decline throughout the day, and the lowest
level in the evening [28]. This rhythm is established between three to nine months [29].
However, the exposure to extreme or chronic stress, such as prematurity, can lead to a
long-term elevation of cortisol [30,31]. Persistent higher cortisol has been shown to have a
toxic effect on neuronal cells, altering the function of different neuronal system, and even
affecting brain structures that are essential for self-regulation skills [32,33].

1.2.2. Perinatal Stress

Premature birth is undeniably a stressful event for the newborn. The organism of
preterm children is immature and not physiologically ready for an extra-uterine environ-
ment [34]. They will spend their first days of life in the neonatal unit, where they might be
exposed to several painful and invasive procedures, as well as to sensory dystimulation
(i.e., intensive light and noise), in other terms to a highly stressful environment [7,35] which
is significantly different from the maternal womb [36]. Moreover, during the neonatal
period, neuronal pathways are immature and are therefore particularly vulnerable [37].
Exposition to stress and multisensory dystimulation during this period can induce long
term impacts on developmental outcomes, including brain development, stress regulation
system and adjustment problems [29,38,39].

1.2.3. Parental Stress

Premature birth is often associated with important parental, and especially maternal
stress. Mothers are rapidly separated from their newborn child, and they might have
lots of concerns regarding its survival and its medical complications [40,41]. Moreover,
preterm birth can be traumatic for mothers and may induce post-traumatic stress disorder
(PTSD), depressive symptoms, anxiety, and worry symptoms [42,43]. The presence
of maternal stress and PTSD symptoms can affect their emotional and psychological
availability for the care of their child and negatively impact the quality of mother-child
interactions [44,45].
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1.2.4. Impact of Perinatal and Maternal Stress on Child Development

Chronic exposition to stress has been shown to have a detrimental impact on the
neuroendocrinological system, as well as on behaviors regulation [46]. Regarding the
HPA axis, it is known that early life experience, perinatal stress, and maternal stress can
affect the programming of the HPA axis [47–49]. Some studies have demonstrated that
premature children showed alterations at different levels of the HPA axis. For instance, a
study from Grunau et al. has shown that preterm children had a lower level of cortisol
at 3 months but a higher level at 8 and 18 months compared to full-term children [50].
Over time, a high level of cortisol may have a detrimental effect on the brain due to the
toxic effect on neurons and their myelinization [26,50]. These alterations can influence
the development of health problems later in life, such as cardiovascular, metabolic, and
psychological problems [48,51].

Moreover, perinatal stress influences the development of brain areas which are impor-
tant for the regulation of emotions and behaviors [38,52]. Maternal stress has an impact
on the mother-child attachment and interactions, which is known to have an important
influence on children’s social, cognitive, and emotional development and might later lead
to adjustment problems [53–56].

1.3. The Current Study

In summary, a preterm birth is a stressful event for both the child and the parents. It
may lead to the development of adjustment problems and dysfunctional HPA axis regula-
tion [27,35,37,47,50]. Although several studies have suggested that children’s development
of emotional and behavioral problems and HPA axis regulation were modulated by factors
such as perinatal stress and parental attitudes [57,58], the interaction of these factors as a
whole is not yet fully understood.

To the best of our knowledge, no longitudinal study examines the influence of perinatal
stress and maternal stress on child’s psychophysiological self-regulation skills (i.e., HPA
axis regulation and adjustment problems) in the context of intense early stress, namely
prematurity. The purpose of the study was to understand the consequences of the stress,
induced by prematurity, on the HPA axis regulation and the development of adjustment
problems at nine years.

In particular, our primary objective was to examine the interplay between prematurity
and HPA axis’ regulation at nine years alongside the presence of adjustment problems. To
do so, we will compare preterm to full-term regarding the HPA axis regulation, as well
as on adjustment problems. The secondary objective was to specify the risk factors (i.e.,
perinatal risk, the cortisol level at six months, and the maternal PTSD of the parents) of the
HPA axis dysregulation and adjustment problems (i.e., internalizing and/or externalizing
symptoms) at nine years. Identifying the risk factors could help to identify risk groups of
preterm children that would benefit the most from early intervention.

2. Materials and Methods
2.1. Participants

All infants (n = 242) born before 33 weeks of gestation (very preterm infants -VPT), in
the University Hospital of Lausanne between 2005 and 2009 were eligible to participate in
the first part of the study. Twenty-nine infants were excluded due to death and an additional
eighty-seven parents did not want to participate in the study. The exclusion criteria
were parents who were not fluent in French, parental mental illness, infant malformation,
periventricular leuko-malacia with a grade > 2 or intraventricular hemorrhage with a
grade > 2 and neonatal abstinence syndrome. If an infant was found to have severe
mental or psychomotor delays at their six months corrected age (defined as 6 months after
40 weeks of gestational age) pediatric appointment, then the infant was also excluded from
the study. Moreover, twenty-five families with an infant born at full-term (gestational age
over 37 weeks) were also recruited between 2008 and 2009 in the University Hospital of
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Lausanne. The exclusion criteria were parents who were not fluent in French, somatic
problems, complications during pregnancy or delivery, and parental mental illness.

At the 9-year follow-up, 33 mothers and their preterm children as well as 11 mothers
and their full-term children participated in the study. Dropouts were due to non-reachable
families or refusal to participate in the follow-up. Moreover, one subsample of preterm
children (n = 21) did not have the assessment at six months, excluding them from the
current study. The Figure 1 illustrates the flow chart.

Figure 1. Flow chart.

The data was drawn from an intervention study, where the group of preterm infants
were separated into two sub-groups, one with a brief intervention and the other without an
intervention. The focus of the intervention was the early relationships between mothers
and their child [59]. Since there was no significant difference in terms of cortisol regulation,
development of adjustment problems and socio-demographic data, the present study will
treat both groups as one sample.

Descriptive statistics are reported in the Table 1.
There was no significant difference between the group of preterm and full-term

children in terms of gender (p = 0.598), maternal age (p = 0.607), and socio-economic
status (SES; p = 0.418). As expected, the preterm children had a significantly (p < 0.001)
higher perinatal risk inventory (PERI, see below for details) and a significantly (p < 0.001)
lower birthweight compared to the full-term children. Dropout analysis showed that
there was no significant difference between the group who remained in the study and the
participants who dropped out of the study at nine years in terms of gender, parent’s age,
socioeconomic status and neonatal data (PERI, birth weight, gestational age). We observed
a significant age differences at the follow-up (Preterm: M = 8.99 SD = 0.73, Full-term:
M = 9.51, SD = 0.38, t(41) = 2.22, p = 0.032).
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Table 1. Socio-demographic variables and dropout analysis.

Included (N = 44) Dropout (N = 38) p 1 p 2 p 3

1. Preterm 2. Full-Term 3. Preterm 4. Full-Term

n = 33 n = 11 n = 24 n = 14

GA 30.11 (1.84) 40.18 (0.90) 30.15 (2.00) 39.34 (1.49) 0.001 ns ns
Gender (F/M) 54.5/45.5 36.4/63.6 37.5/62.5 35.7/64.3 ns ns ns

SES 2.71 (0.61) 2.55 (0.47) 2.54 (0.88) 2.56 (0.93) ns ns ns
Mat. Age (yrs) 32.73 (4.30) 31.64 (5.08) 33.75 (4.19) 30.86 (5.17) ns ns ns

PERI 7.73 (2.38) 0.00 (0.00) 8.08 (3.45) 0.00 (0.00) <0.001 ns ns
BW (gr) 1369.24 (373.63) 3383.00 (425.02) 1406.46 (418.73) 3256.43 (365.36) <0.001 ns ns

PPQ 2.73 (2.67) 1.22 (1.64) 3.56 (3.31) 0.90 (1.45) ns ns ns

Data expressed in Mean (SD) except for gender. 1 p-value of the results of t-tests comparison between the
preterm and full-term included in the follow-up. 2 p-value of the results of t-tests comparison between the
2 group of preterm (drop out vs. included). 3 p-value of the results of t-tests comparison between the 2 groups
of full-term (drop out vs. included). Notes. GA, gestational age; F, female; M, male; SES, socio-economic status;
Mat., maternal; PERI, perinatal risk inventory score; BW, birth weight; PPQ, Perinatal Posttraumatic stress
Questionnaire score.

2.2. Procedure

The design of the study was a longitudinal cohort study (see Figure 2). The
study was approved by the Ethics Committee for Clinical Research of the Vaud state
(#256/14). Parental written consent was obtained after an exhaustive explanation of the
research procedure.

At the birth of the child, various data was collected (e.g., APGAR score, gestational
age, birth weight, head growth) to score the PERI [60] and estimate the perinatal risk of
the infant.

When the child was six months old (corrected age for premature children), eight
“Salivettes” were sent to the parents. The parents were asked to collect the infant’s saliva
four times per day over two consecutive days to collect information on the diurnal cortisol
profile. Parents also received a leaflet with instructions for the infant’s saliva collection and
a diary to write down the time of the collection.

When children were 12 months old, the mothers were asked to rate a PTSD self-
questionnaire, the PPQ [61], to evaluate the presence of post-traumatic symptoms linked
with the premature birth of their child.

When children were nine years old, families were seen again. They were asked,
again, to collect their infant’s saliva four times per over two consecutive days the
same way as at six months. Mothers were also asked to fill the child behavior check-
list [62], to screen for possible internalizing and externalizing symptoms or in other terms
adjustment problems.

Figure 2. Procedure. Notes. PERI, perinatal risk inventory, PPQ, Perinatal Posttraumatic stress
Questionnaire score, CBCL, child behavior checklist.

2.3. Measures
2.3.1. Socio-Economic Status

Socio-economic status (SES) was assessed by the use of an adaptation of the Holling-
shead index [63]. This index measures the social status of an individual (SES) and is based
on the average of four scores: the maternal and paternal education level and professional
occupation rated each on a four-point scale (i.e., degree: 1 = compulsory school, 4 = univer-
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sity grade completed; occupation: 1 = no job/unqualified employee, 4 = senior banker or
physician in a private practice). A higher score means higher SES.

2.3.2. Perinatal Risk Inventory: PERI

The perinatal risk inventory (PERI) [60] is an 18-item inventory used to describe the
severity of the infant’s perinatal problems. Each item is scored from zero to three and
includes the APGAR score, the gestational age, birth weight, head circumference, the
presence or absence of congenital infection, the absence or presence of seizures, the nature
of the electroencephalogram, cranial computed tomographic, ultrasound, presence of sepsis
and/or meningitis, the duration of ventilation, presence of polycythemia, hypoglycemia,
hyperbilirubinemia, and long-term physical disabilities. The total score is obtained by
adding up all of the items. The PERI was used to estimate the perinatal risk of each
infant, with a higher score reflecting higher perinatal risk [60]. It is also correlated with the
duration of the hospital stay and intensive procedures, giving an indication of the stress
experienced by the preterm child.

2.3.3. Cortisol Regulation

The diurnal cortisol measure was collected over two consecutive days at home totaling
four saliva samples per day: just after waking up (08:00), before mealtime at noon (12:00),
in the afternoon (17:00), and in the evening (20:00).

In cases of infection, fever or antibiotic treatment, the procedure was delayed. Cotton
rolls containing saliva were sent by post to the lab of Prof. Kirschbaum [64] from the
Technical University of Dresden (Germany) for cortisol concentration measurements by
enzyme immunoassay. Cortisol concentrations were expressed as nanomoles per liter
(nmol/L). As a standard procedure [59], the raw cortisol levels received from the lab
were transformed into logarithms (log10) allowing the approximation of the Gaussian-
like distribution.

We computed the area under the curve with respect to the ground (AUCG) with our
cortisol measures to estimate ultradian and circadian changes of hormones and to assess
the overall secretion over the day. The AUCG represents the total hormonal output.

We used one deriving formula for computation of the AUCG:

AUCG =
n−1

∑
i=1

(
m(i+1) + mi

)
· ti

2

With ti denoting the individual time distance between measurements, mi the individual
measurements, and n the total amount of measurement [65].

2.3.4. Maternal Post-Traumatic Stress Symptoms

Mothers were asked to fill out a self-report questionnaire about post-traumatic stress
symptoms, the Perinatal Post-Traumatic Stress Disorders Questionnaire (PPQ) [61], when
their child was 12 months old. The PPQ is a 14 questions questionnaire based on the
Diagnostic and Statistical Manual of Mental Disorders IV criteria which assesses maternal
symptoms of PTSD related to the infant’s perinatal period. Questions are retrospective,
mothers are asked to answer about situations they have experienced since and during the
six months following their childbirth, and which lasted more than one month. Higher
scores mean higher PTSD symptoms.

2.3.5. Adjustment Problems

The Child Behavior Checklist (CBCL) [62] was used to detect behavioral and emotional
problems in children and adolescents from 6 to 18 years of age. It consists of 113 questions
answered by the parents and scored on a three-point Likert scale (0 = absent, 1 = occurs
sometimes, 2 = occurs often). These scales have good internal reliability (αs > 0.80),
with relatively high 1-week test–retest reliability (rs > 0.85) reported [62,66]. Adjustment
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problems were computed by averaging externalizing and internalizing T-scores [20,21].
Higher scores refer to more adjustment problems.

2.4. Data Analysis

The data were analyzed with SPSS version 27. As a first step, we examined the differ-
ences between preterm and full-term infants on neuroendocrine regulation by computing a
repeated-measures (four measures a day) analysis of covariance (RM-ANCOVA) by groups
(full-term vs. preterm) controlling for age differences whereas ANCOVAs was computed
to assess the between-group differences in adjustment problems and AUCG. Then, we
computed Bravais-Pearson coefficients of correlations between PERI, cortisol regulation
(i.e., AUCG, maternal PTSD and adjustment problems). Finally, we used two separate
regression models to identify possible predictors (i.e., PERI, early cortisol regulation, ma-
ternal PTSD) of children adjustment problems (i.e., externalizing and/or internalizing
symptoms) or cortisol regulation (i.e., AUCG) at nine years. Regarding the important
collinearity between group and PERI, we used only PERI scores in the regression models.
Age was also introduced in the model as covariate.

3. Results
3.1. Between Group Differences on Neuroendocrine Regulation and Adjustment Problems

Descriptive data are reported in Table 2.

Table 2. Descriptive data on cortisol regulation and adjustment problems in VPT and FT children.

Preterm (n = 33) Full-Term (n = 11) p 1 ï2
p

AUCG 106.51 (42.14) 35.39 (17.94) <0.001 0.34
Adjustment problems 52.63 (7.04) 53.09 (6.93) ns -

Data expressed in Mean (SD). 1 p-value of the results of ANCOVA between the two groups and controlling for age
differences. Notes. AUCG, area under the curve with respect to the ground.

Preterm showed higher AUCG at nine years of age compared to full-term children.
By contrast, the ANCOVA comparing the group on adjustment problems revealed
no difference.

Figure 3 shows the diurnal cortisol evolution by groups.

Figure 3. Mean cortisol levels over two days at nine years. Notes. Reference population, reference
range values from the CIRCORT database meta-analysis [67].
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The RM-ANCOVA on the cortisol data revealed no main effect of time, a main effect
of group, (F(1, 30) = 9.44, p = 0.004 ï2

p = 0.239). A significant interaction effect between
time and group (F(3, 90) = 4.91, p < 0.01, ï2

p = 0.141) was also observed. In particular, post
hoc pairwise comparisons indicated that morning and midday results showed that preterm
children had significantly higher cortisol levels than full-term children (morning: p = 0.001;
midday: p = 0.004). In the afternoon and at night, cortisol levels did not differ between
preterm and full-term. In the preterm group, morning cortisol levels were significantly
higher than other measures (ps < 0.001). There was a significant difference between levels
at midday and in the evening (p < 0.001). At night, cortisol levels were significantly lower
than in the afternoon (p = 0.012). In the full-term group, there was no significant differences
between the daytime.

Finally, we compared our results to reference values from a meta-analysis from
Miller et al. [68]. Our group control was small (n = 11) and we wanted to enforce our
results by comparing with reference values. We observed that our full-term children did
not differ significantly from reference values, except for the afternoon data (p = 0.005).
However, preterm values were significantly higher than reference values for all of the
values throughout the day (ps < 0.002).

3.2. Association between Neuro-Endocrine Regulation, Adjustment Problems and Stress

Table 3 describes the correlations analysis. We can observe that a higher PERI is related
to a higher AUCG at nine years. Moreover, maternal PTSD is linked to a lower AUCG at six
months, and higher adjustment problems.

Table 3. Bravais-Pearson coefficient of correlations.

PERI Maternal PPQ AUCG at 9y AUCG at 6m

Maternal PTSD 0.29
AUCG at 9y 0.53 ** 0.22
AUCG at 6m −0.26 −0.37 * −0.17

Adjustment problems 0.05 0.41 ** −0.25 0.04
* p < 0.05, ** p < 0.01. Notes. AUCG, area under the curve with respect to the ground; PERI: perinatal risk inventory;
PPQ, Perinatal Posttraumatic Stress Questionnaire score.

The regression analysis conducted on AUCG at nine years revealed that predictors
(i.e., PERI, maternal PTSD, AUCG at six months) explain a significant part of the variance,
F(5, 29) = 5.46, p = 0.002, R2 = 0.532. In particular, higher AUCG at nine years is predicted
by a higher PERI and lower adjustment problems. In addition, the regression analysis on
adjustment problems revealed that the predictors explain a significant part of the variance,
F(5, 29) = 2.94, p = 0.033, R2 = 0.380. In particular, higher adjustment problems are related
to higher maternal PTSD and a lower AUCG at nine years (Table 4).

Table 4. Regression analysis explaining cortisol regulation (AUCG) or adjustment problems at
nine years.

Criterion Variables β p

AUCG at 9y Age −0.364 0.022
PERI 0.418 0.012

Maternal PPQ 0.271 0.137
Adjustment problems −0.414 0.014

AUCG at 6m 0.136 0.403
Adjustment problems Age −0.222 0.245

PERI 0.236 0.243
Maternal PPQ 0.522 0.009

AUCG 9y −0.549 0.014
AUCG at 6m 0.232 0.212

Notes. AUCG, area under the curve with respect to the ground; PERI: perinatal risk inventory; PPQ, Perinatal
Posttraumatic Stress Questionnaire score.
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4. Discussion

The purpose of the present study was to analyze the consequences of stress related
to a preterm birth on the child’s HPA axis regulation, as well as on the development
of adjustment problems at nine years. We also examined which factors predict the self-
regulatory outcomes at nine years (i.e., HPA regulation and adjustment problems) to
identify high risk populations where preventive intervention could play an important role.
In particular, this study highlighted a significant difference in cortisol regulation at nine
years between preterm and full-term children, and showed that the biological stress (i.e.,
PERI and cortisol at six months) explains the diurnal cortisol concentration at nine years.
Age is related to AUCG. We did not find any significant differences in adjustment problems
in general between the two groups. However, we could show that maternal PTSD’s
symptoms at 12 months (i.e., maternal stress) were predictive of adjustment problems in
their child at 9 years. We did also show that higher adjustment problems were related to
lower AUCG at nine years, which is in line with previous studies [68–70].

4.1. Cortisol Regulation

The main between-group difference lay in the morning cortisol levels. Indeed, preterm
children had a higher cortisol level in the morning compared to full-term ones, as well as a
higher AUCG. Likewise, De Graaf et al. [71] showed that at five years, preterm children had
higher cortisol levels in comparison to full-term children. Grunau et al. [50] also reported
greater levels of cortisol at 8 months and 18 months in preterm children. A possible
explanation for these high levels is that premature birth impacts the early programming
of the HPA axis, which was shown in the animal model [48,72,73], leading to long-term
consequences. In humans, the development of the neuroendocrine regulation occurs in the
postnatal period. This period is characterized by elevated synaptic plasticity, making the
brain particularly vulnerable and sensitive [74]. Adverse events such as a premature birth
can have an impact on the development and the “programming” of the HPA axis. This
study is the first one identifying consequences on the HPA regulation nine years later.

Moreover, we have shown that the level of stress endured by the preterm infants
(i.e., PERI) was related to higher cortisol release at nine years (i.e., AUCG). This suggests
that more stress during the neonatal period contributes to more alteration of the HPA
axis regulation up to nine years. This might be related to the impact of stress on several
brain structures (i.e., cortex, thalamus, basal ganglia) following a premature birth [38,75,76].
These brains areas are responsible for the neuroendocrine regulation systems such as the
HPA axis [38].

4.2. Adjustment Problems

We did not find between-group differences regarding adjustment problems. Although
some previous studies have demonstrated that preterm children were more at risk to
develop adjustment problems [6,7,24,77,78], others have found no differences between late
preterm and full-term infants at a young age [13,14]. Our findings can be explained by the
fact that the children with biomedical complications (i.e., leukomalacia, intraventricular
hemorrhage, mental or psychomotor delay at 6six months) were excluded from our study,
whereas various other studies included preterm children with neurological damage [7,79].
Our sample may therefore be considered as low risk of developing adjustment problems
and our results seem to indicate that children without biomedical complications are not
more at risk to develop adjustment problems.

The level of stress at birth (i.e., PERI) was not associated with the presence of adjust-
ment problems in the child, which is in line with a previous studies [80]. This emphasizes
the fact that other factors play a key role in the development of these problems later in
childhood. Indeed, the quality of the postnatal environment (i.e., parental interaction,
parental stress) has been proved to have a higher impact on the development of adjust-
ment problems than the somatic risk (i.e., neonatal variables: low birth weight, gestational
age) [7,81]. Our results further emphasize that the presence of maternal PTSD symptoms
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was associated with adjustment problems in the child. There are many ways in which
PTSD might affect a child’s development. The presence of PTSD might have an impact on
the capacity of mothers to understand their infant’s needs and signals [82], and thus tend
to be less sensitive towards their infant [43,44,80,83]. PTSD therefore has an impact both on
the mother’s role and the mother-child interaction. The mother-infant attachment, which
is the relationship that develops between an infant and its caregiver early in infancy [84],
is also important to understand how maternal stress and PTSD can influence the child’s
development. Indeed, a secure attachment is essential for optimal child development. The
presence of mother PTSD symptoms may lead to an insecure attachment, which has been
shown to be associated with greater mental health problems [84,85]. Therefore, symptoms
of maternal PTSD, by affecting attachment relationships, can explain the risk of children
developing adjustment problems [86].

4.3. Clinical Implications

One of our objectives was to identify a high-risk population that would benefit the
most from early interventions. We have shown that the presence of postnatal PTSD symp-
tomatology in the mother was a risk factor for the child to develop adjustment problems.
This result emphasizes the importance of considering the mother’s mental well-being in the
child development. More attention should be given to children whose mothers experience
PTSD symptoms following premature birth. The development of preventive intervention
concerning specifically maternal PTSD symptoms due to preterm birth could be beneficial
for the child’s development and health. Early interventions enhancing the mother-child
relationship seem to have a positive effect on child development [87]. It would be also im-
portant to develop interventions focusing specifically on maternal PTSD symptoms. Since
PTSD symptoms have been shown to affect the quality of the mother-child interaction [83],
reducing these symptoms may be a way to improve the quality of this relationship and
have a positive impact on the preterm development [88,89]. However, studies focusing on
PTSD are limited [90], and future research is needed to develop interventions and evaluate
their impact. In the neonatal unit, mental health professionals could offer the possibility to
parents to talk about their experience and express their intense emotions, as well as joint
observation to help understand and interpret their child’s behavior. This could reinforce
their investment in their child and mother-child interaction, which might have a positive
effect on child outcomes [44,83,91].

Another important finding was the presence of persistent alterations of the HPA axis
regulation even after nine years, which seems related to the severity of the perinatal stress.
Early intervention could focus on the reduction of infant’s stress, for instance through skin-
to-skin contact (kangaroo care), which has been shown to reduce stress reactivity [92,93],
cortisol level at short term [94,95], and improve brain development [96] in preterm children.
However, it is not known if this method has a long-term effect on cortisol regulation.
Kangaroo care also has positive effects on attachment and on parental stress levels. This
might, in turn, have positive effects on the preterm development of the stress regulation
system [92,97]. Interventions in the neonatal unit environment could also be offered, for
instance by limiting the exposure to deleterious stimulations (i.e., painful procedures,
noise) or by adapting the different sensorial stimulations (i.e., auditory, tactile, visual and
vestibular) to support the neonate’s brain development and stress regulation [91,98,99].

4.4. Limitations and Strengths

The present study has some limitations. First, the size of our sample was relatively
small. Although we had access to longitudinal information from the birth to nine years,
no information was available on events between six months and nine years (i.e., traumatic
event, parental separation). Additionally, the study relied only on the mother’s perspec-
tive for the assessment of the children’s behavioral problems (CBCL). Results could be
influenced by the mental health of the mother. The teacher’s and father’s perspectives
for instance would have been beneficial for a more comprehensive view of the children’s
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adjustment problems, as well as using other questionnaires. Finally, although the PPQ has
good reliability [61], it was retrospective rated and self-reported.

The strengths of this study are, first, to have a longitudinal information from birth to
nine years. Moreover, we articulated the biological and psychological aspects of stress due
to prematurity on the long-term outcomes of the children.

5. Conclusions

This study highlights that very preterm birth has long-term consequences on the corti-
sol regulation at nine years and that it is mostly influenced by perinatal stress (i.e., PERI).
We show that the presence of maternal PSTSD’s symptoms contrary to biological factors
is a predictor of the development of adjustment problems, underlying the importance of
maternal psychological well-being and the negative impact of maternal PTSD symptoms
on the child’s adjustment development. The most important clinical implications should
be to develop preventive intervention dealing with postnatal stress and maternal PTSD
symptoms, which would be beneficial for the child development and health.

Finally, the association between cortisol regulation and adjustment problems is com-
plex. The question of whether dysregulation of cortisol is one of the mechanisms putting
preterm children more at risk for the development of adjustment problems later in life
still needs to be elucidated. Further works are needed to have a better understanding of
the detrimental effect of postnatal stress, including perinatal and maternal stress, on the
later development of preterm born children. It would be beneficial for the development of
targeted and individualized intervention.
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