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Background: An early diagnosis of chronic disability, such as risk of Cerebral Palsy

(CP), is likely to affect the quality of parent-infant interactions by affecting both infant

and parental factors. Due to adverse perinatal events, infants at high risk of CP

may exhibit less engagement in interactions, while parents may experience increased

mental health problems and disrupted parental representations that can have a negative

effect on parental sensitivity. Recent clinical guidelines on early intervention among

families with infants at risk of CP recommends supporting parental sensitivity and

mutual enjoyable interactions more research is needed to inform such interventions.

This includes understanding how infant and parental risk as well as resilience factors

impact parent-infant interactions and how existing parenting programs developed among

typical developing infants should be adapted to families with infants at risk of CP. In

addition, as majority of research on infant neurohabilitation focus on improving motor

and cognitive outcomes research on infant emotional development is needed. The study

aim is to assess the quality of early parent-infant interactions in families with high-risk

infants, compared to families with low-risk infants, and to explore how interaction quality

is affected by infant and parental factors. Three potential mediating factors explaining

the association between CP risk and less optimal parent-infant interactions will be

explored: infant interactional capacities, parental mental health and well-being, and

parents’ representations of their child.

Methods: The prospective, longitudinal design will follow infants at high

risk for CP and their parents and a control group at three time points from

15 weeks to 15 months corrected infant age (CA). Measures comprise

infant developmental assessments, questionnaires and interviews with both

parents, and global ratings of video-recorded parent-infant interactions.
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Discussion: Study results will enhance our understanding of how parent-infant

interactions may be affected by perinatal neurological risk and identify potential important

mechanisms for observed associations. This knowledge could assist in planning future

early screening and intervention programs and identifying families who should be offered

targeted psychological interventions in addition to neurohabilitation programs.

Keywords: cerebral palsy, parent-infant interaction, dyadic reciprocity, parental representations, WMCI, parental

mental health, infant interactive behavior

INTRODUCTION

Cerebral palsy (CP) is the most common physical disability
during childhood, affecting two in 1,000 children (1, 2). CP is a
neurodevelopmental disorder primarily affecting movement and
posture and limiting activity due to non-progressive disturbances
in the developing fetal or infant brain (3). Children with
CP experience a range of difficulties affecting their level of
function. Forty percent of children with CP are unable to walk
independently (4, 5), language impairment is common, with
one-third of affected children being non-verbal (6, 7), 28%
have musculoskeletal deformities (e.g., hip displacement), 11%
have vision impairments, and 4% hearing impairments (8). Half
(49%) of all children with CP experience intellectual disability
and 26% experience emotional and behavioral disorders during
childhood (9–11).

Its etiology is complex and not fully understood, but CP is
associated with prenatal factors such as pre-term birth (in 30–
50% of affected children), fetal growth restriction, pregnancy
disorders (pre-eclampsia, placenta abruption, chorioamnionitis),
and major birth defects (12–14). Birth asphyxia is estimated to
account for <10% of cases (15).

Severe perinatal brain injury is usually diagnosed at or
shortly after birth, carries a high risk of CP, and constitute a
significant fraction of the etiology of CP. However, CP may
not be detected until much later in children with less severe
impairments. In a Danish study, average age at diagnosis was 1
year (16). Late diagnosis precludes intervening when the nervous
system is most plastic and interventions may have the greatest
impact on infant development (8, 17–19). Recent advances in
diagnostics enable identifying infants at high risk for CP before
the age of 5 months. Diagnostic indicators include a combination
of neonatal magnetic resonance imaging (MRI), standardized
motor assessment, such as the Prechtl Qualitative Assessment
of General Movements (GMA), and clinical assessment of risk
factors (18, 19). Early detection makes it possible to intervene at
a very early stage with intensive neurohabilitation consisting of

Abbreviations: CP, Cerebral Palsy; MRI, Magnetic resonance imaging; GMA, The

Prechtl Qualitative Assessment of General Movements; GA, gestational age; CA,

corrected age; RCT, randomized controlled trial; AIMS, Alberta Infant Motor

Scale; ASQ-SE2, Ages and Stages Questionnaire–Social Emotional; CIB, Coding

Interactive Behavior; City BTS, City Birth Trauma Scale; DASS-21, Depression,

Anxiety, and Stress Scales-21; EPDS, Edinburgh Postnatal Depression Scale;

ITQOL, Infant/Toddler Quality of Life Questionnaire; PSI-SF, Parenting Stress

Index-Short Form; WMCI, Working Model of the Child Interview; WMCI-D,

Working Model of the Child Interview- disrupted.

daily home-based training in stimulating environments, which
has a more beneficial impact on infant cognitive and motor
development than standard physiotherapy alone (17, 19, 20).
Thus, it is essential that children at risk for CP are offered
intensive neurohabilitation training as early as possible.

Actively involving infant and parents in neurohabilitation
activities is crucial for infant developmental outcomes (i.e.,
outcomes relying on infant-initiated activities and daily parental
coaching). To some extent, the quality of neurohabilitation
depends on infants’ abilities to engage in interactions and parents’
abilities to read and respond appropriately to infant initiation
(i.e., parental sensitivity). This study seeks to examine the early
interactions of parents and their infants who are at risk for CP.
While parents can benefit from advice and emotional support,
there is also a risk of stressing their relation to the child
with an uncertain future, to establish a stigma, and increasing
guilt by setting goals that are not achievable. The resulting
knowledge could assist in planning future early screening and
intervention programs by providing insight into optimal parent
involvement strategies in early neurohabilitation and helping to
identify families at risk for suboptimal parent-infant interactions
and offering targeted psychological interventions in addition
to neurohabilitation.

An additional study aim is to examine the understudied
domain of socio-emotional development of infants at risk for
CP. Research among typical developing infants has shown that
healthy infant socio-emotional development is associated with
better social functioning in later childhood and decreased risk
of emotional and behavioral problems (21). Socio-emotional
development may be directly affected by adverse perinatal
events and indirectly by parental distress and difficulty adjusting
to parenthood. It is important to describe the prevalence of
healthy socio-emotional functioning among infants at risk of
CP and to elucidate potential associations between adverse
perinatal events, parent-infant interactions, and infant socio-
emotional development, potentially establishing the importance
of supporting socio-emotional development of the child and
parental well-being.

Parent-Infant Interactions
A recent systematic review found that families with infants at
risk for CP have fewer optimal and more disrupted parent-child
interactions during the first year of life, compared to families
of low-risk infants (22). Compared to low-risk infants, high-risk
infants are more likely to be described as less engaged, less active
and more fretful. Their parents are at greater risk of being less
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emotionally involved with and less sensitive to the infants and
more intrusive, inappropriately stimulating their infants more
than mothers of developmentally typical or low-risk infants.
The authors suggest that the severity of the infants’ medical
conditions leads to suboptimal infant interactive behavior and
increased maternal mental health problems (depression, distress,
and anxiety). These factors may negatively influence mothers’
interactive behavior. However, many of the studies included in
the review used pre-maturity and low birth weight as primary
selection criteria, yielding heterogeneous sample populations and
limiting conclusions about infants at high risk for CP based on
the recent recommendations regarding early diagnosis. Festante
et al. (22) recommend conducting longitudinal studies among
more homogenous samples (e.g., infants with absent fidgety
movements associated with high risk of CP vs. heterogeneous
samples of pre-mature infants).

Other studies have examined and found qualitative and
diagnostic specific differences in parent-infant interactions in
specific populations, such as infants at risk of autism or infants
with Downs Syndrome, compared to typical developing infants
(23, 24). Adamson et al. (25) compared infants at risk of
autism, infants with Downs Syndrome, and typical developing
infants and found that infants at risk of autism displayed less
engagement in social interactions, while infants with Downs’s
syndrome displayed a heightened and prolonged social attention
- both compared to typical developing infants. Similarly, Field
(26) found that children with disabilities, including those
with CP, have more difficult temperaments than children
with delayed development who in turn had more difficult
temperament than developmentally typical infants and infants
with Down’s syndrome. These studies support the need for
observational studies examining how specific characteristics of
different disorders affect parent-infant interactions. The primary
characteristic of CP is atypical motor development that may have
a specific impact on the quality of parent-infant interactions by
limiting movement and interactive touch but other comorbid
features or related aspects of CP may also have an impact
on interactive abilities. Furthermore, parents of infants at risk
of CP must deal with early, intense experiences of pregnancy
and childbirth as well as uncertainty about the child’s future
development, both of which are likely to affect parental mental
health and parental behavior.

In order to develop targeted early intervention programs
to support parents of infants at high risk of CP, we want to
examine risk and protective factors for non-optimal parent-
infant interactions. In accordance with the literature from both
risk and non-risk populations, parental mental health difficulties
[e.g., depression, anxiety, stress, and birth-related trauma; (27,
28)], infant interactive behavior [e.g., initiation, communication
and self-regulation; (29–31)], and parental representations of the
infant (32) will be examined as main risk factors for non-optimal
dyadic interaction (see Figure 1 for study model).

Fathers
Research on infants at risk for CP has been performed almost
exclusively among mothers and infants. To the best of our
knowledge, only a single study included fathers. Feldman

(33) found both that paternal involvement in child caregiving
reduced maternal distress and no differences between father-
infant and mother-infant interactions among families with pre-
mature and low birth weight infants. Consistent with current
recommendations (34), we consider both parents to be part
of infants’ daily lives and will include observations of both
fathers/co-parents and mothers with infants.

METHODS AND ANALYSIS

Aims and Hypotheses
The primary study aim is to assess whether parental interactions
with high-risk infants are less optimal than parental interactions
with low-risk infants and to describe potential difficulties in
interactions between parents and infants at high risk for CP.
Secondly, we aim to explore infant and parental risk factors
that may mediate the expected effect of neurological risk on
interactional quality. We are particularly interested in exploring
three inter-related mechanisms: (1) infant interactional behavior,
(2) parental well-being, and (3) parental representations of
the child. Third, we want to investigate whether dyadic
reciprocity at 15 months is directly associated with infant
socio-emotional development and infant quality of life. Fourth,
we want to examine developmental trajectories of socio-
emotional development in infants at high-risk of CP from
15 weeks corrected age until 4 years of life. Finally, as
families with infants at high-risk of CP are enrolled in a
randomized controlled trial we exploratively want to examine
whether families receiving intervention or usual care differ on
psychological measures.

We hypothesize that:

1. Interactions between parents and infants at high risk for CP
at 15 months corrected age (CA) are characterized by inferior
dyadic reciprocity, compared to interactions between parents
and low-risk infants.

2. Infant and parental factors mediate the expected association
between high risk of CP and the hypothesized inferior
dyadic reciprocity at 15 months. Specifically, we expect
high-risk infants to have inferior self-regulation abilities and
restricted communication abilities and to be less involved
in interactions with parents than low-risk infants and that
these factors are associated with less dyadic reciprocity at
15 months. Furthermore, we expect parents of high-risk
infants to experience lower levels of parental well-being (i.e.,
increased mental health symptoms and parental stress), to
have more unbalanced representations of their child, and to
exhibit less sensitivity and more intrusiveness in interactions
with their child, compared to parents of low-risk infants.
Further, we expect these factors to negatively affect the
quality of dyadic reciprocity. Post-hoc analyses will explore the
relative contribution of measured factors to dyadic quality, the
importance of specific age periods (sensitive periods) to dyadic
reciprocity at 15 months and differences between mothers
and fathers/co-parents.

3. Dyadic reciprocity, infant socio-emotional development, and
infant quality of life are associated.
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FIGURE 1 | Study Model.

4. Infants at risk of CP show atypical or delayed socio-emotional
development compared to low risk controls.

We do not have any hypothesis regarding differences between
groups enrolled in the RCT as participating in an intensive early
intervention program can have both a positive and negative affect
on parents and their interactional capacities.

Design
The prospective, longitudinal cohort design includes a
comparison group. Infants at high risk for CP and their parents
are followed from 15 weeks to 4 years corrected age (CA). The
comparison group consists of infants at low neurological risk
and their parents. Six assessment points are planned: 15 weeks
(T1), 9 months (T2), 15 months (T3), 2 years (T4), 3 years (T5),
and 4 years (T6) CA.

The study is part of a research collaboration between
the University of Copenhagen Departments of Psychology
and Neuroscience and the Elsass Foundation, a private non-
profit organization offering support to people living with
CP and their families. It is being conducted in conjunction
with a randomized controlled trial (RCT) examining
the effectiveness of an early intervention program to
support infant muscle growth and mobility and to prevent
contractures in which high-risk infants and their families are
enrolled (35).

Participants
Infants at high risk for CP are recruited from all neonatal
wards from the Capital Region and Region Zealand. Following
recent recommendations (19), we define high risk of CP with
the following inclusion criteria: (1) infant CA <17 weeks; (2)
suspected brain lesion on the basis of medical assessment,
MRI or ultrasound findings, or absence of fidgety movements,
as determined by the GMA; and (3) brain lesion severity
determined by clinicians to warrant informing parents about
the associated risk for CP. Low-risk infants will be recruited

by health nurses at home visits from two Danish municipalities
(one rural, one urban). In Denmark, families with low-
risk births are discharged home 4 h after birth, precluding
recruitment at the hospital. Infants and their families will
be included in the control group if there is no evidence
of an infant brain lesion within 17 weeks after birth or
known perinatal adverse events, such as pre-term birth (<36
weeks GA). Exclusion criteria for all infants are severe genetic
abnormalities, severe heart problems, metabolic diseases, or
ongoing hospitalization.

Procedures
All parents of eligible high-risk infants are informed about the
study only after they have discussed their child’s risk status
with their medical team. Recruitment takes place from Fall 2020
through Winter 2023.

Families receive written information regarding the study’s
purpose and design and have an opportunity to speak with the
investigators before consenting to the study. After consent is
obtained, the family is invited to visit the Elsass Foundation,
where data collection takes place at planned infant ages.

In the RCT, infants at high risk for CP are randomized
to a 6-month intensive home-based intervention between T1
and T2 or usual care. Due to distressing perinatal experiences
among families with infants in the high-risk group, all
parents of high-risk infants are offered a brief psychological
intervention of up to five supportive conversations with a
psychologist at Elsass. Conversations focus on parents’ thoughts
and feelings related to the birth and early post-partum
period, including receiving the information that their infant
is at neurological risk. These conversations take place only
after T1.

Data collection will consist of a combination of developmental
assessments of the infant, questionnaires to and interviews with
both parents, and video-recordings of parent-infant interactions
(see Table 1).
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TABLE 1 | Measures used in the study.

15 weeks 9 months 15 months 2 years 3 years 4 years

Infant Bayley-III Bayley-III Bayley-III

AIMS AIMS AIMS

ITQOL ITQOL ITQOL ITQOL ITQOL ITQOL

ASQ-SE2 ASQ-SE2 ASQ-SE2 ASQ-SE2 ASQ-SE2 ASQ-SE2

Both parents Socio-demographic

information

WMCI WMCI

PSI-SF PSI-SF PSI-SF PSI-SF PSI-SF PSI-SF

DASS-21 DASS-21 DASS-21 DASS-21 DASS-21 DASS-21

EPDS EPDS EPDS

City BiTS City BiTS City BiTS

Parent-infant face-to-face

interaction (CIB)

Parent-infant face-to-face

interaction (CIB)

Parent-infant face-to-face

interaction (CIB)

Mother only Feeding interaction (CIB) Feeding interaction (CIB) Feeding interaction (CIB)

Father or coparent only Diaper-changing interaction

(CIB)

Diaper-changing interaction

(CIB)

Diaper-changing interaction

(CIB)

AIMS, Alberta Infant Motor Scale; ASQ-SE2, Ages and Stages Questionnaire–Social Emotional; CIB, Coding Interactive Behavior; City BiTS, City Birth Trauma Scale; DASS-21,

Depression, Anxiety, and Stress Scales-21; EPDS, Edinburgh Postnatal Depression Scale; ITQOL, Infant/Toddler Quality of Life Questionnaire; PSI-SF, Parenting Stress Index-Short

Form; WMCI, Working Model of the Child Interview.

Primary Outcome
Dyadic Reciprocity
The primary outcome of dyadic reciprocity is measured by
coded video recordings of parent-infant interactions. The Coding
Interactive Behavior Manual (CIB) provides six composite scores
for parental sensitivity and intrusiveness, infant involvement
and withdrawal, and dyadic reciprocity and negative states,
calculated as means of item scores (36). Dyadic reciprocity
consists of three items (reciprocity, adaptation-regulation, and
fluency) and is coded at the dyadic level. High scores represent
good dyadic reciprocity characterized by harmonious give-and-
take interactions in which both infant and parent are engaged
and contribute to the mutual exchange (37). A separate scale
applied for feeding interactions provides four additional scales:
distractibility, independence, negotiation during feeding, and
feeding efficacy. The CIB has been validated in several studies
across cultures, infant age groups, and parental gender and can
differentiate between different high-risk groups (e.g., parental
mental health issues and pre-mature birth) and control groups
(33). Interactions are coded blinded to group status, with
inter-coder agreement calculated on a randomly selected 20%
of interactions.

Varying situations affect interactional quality, and including
different contexts when observing parent-infant interactions is
recommended (38, 39).

Five minutes of mother-infant and father-infant face-to-face
interaction are video recorded at T1 and T2 when infants are
calm and alert, far from feeding time, and without pacifier use.
Infants are placed in an infant chair with each parent in turn
seated opposite and leaning toward the infant at a distance of
30–40 cm. No toys are used during the interaction. Two cameras
synchronized and placed laterally to the dyad film the infant’s
face and upper body and the parent’s face and upper body. At

T3, 5min ofmother-infant and father-infant free-play interaction
are video recorded. Parents are asked to freely interact or play
with the child on a carpet supplied with age-appropriate toys.
The use of toys during the interaction is not mandatory and
parents and infant can move around the carpet throughout the
interaction. A camera placed frontally or laterally to the dyad
records interactions. The whole scene is video recorded and,
unlike face-to face interaction, with no particular focus on details
about participants’ faces and bodies.

In addition to face-to-face and free-play interactions, mother-
infant feeding interactions and father-infant diaper-changing
interactions are recorded at T1, T2, and T3. Mothers are asked
to feed their infant as they normally would (i.e., breast or bottle
feeding or solid food, depending on preferences and infant age).
Fathers are asked to interact with their child when changing a
diaper as they normally would. Interactions are video-recorded
and their duration is noted.

Secondary Outcomes
Our hypotheses about mediating factors are assessed with
both infant and parents. Infant factors include parent-
reported self-regulation abilities, observational measures
of interaction engagement with parents, and standardized
assessment of communication abilities. Parental factors include
representations of the infant, self-reported mental health and
well-being, and observations of parental interactional sensitivity
and intrusiveness.

Infant Self-Regulation Abilities
The Ages and Stages Questionnaire–Social Emotional (ASQ-SE2)
is used to assess self-regulation (40). The ASQ-SE2 is a short
questionaire assessing parental reports of infant self-regulation,
compliance, communication, adaptive functioning, autonomy,
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emotions, and interaction with other people. Age group-specific
versions are available, and the version for infants aged 3–8
months is used at T1 and T2 and the version for infants aged 9–
14 months at T3. Parents are asked to indicate frequency of and
any concerns about 18 items describing age-appropriate infant
behaviors. In addition, parents are asked to freely elaborate on
potential concerns. The ASQ-SE2 has acceptable reliability and
is one of the most comprehensive and psychometrically sound
measures of infant socio-emotional development (41).

Infant Involvement
The involvement of the infant in interactions with each
parent at T1 and T2 is assessed with the CIB composite
of infant involvement (36). It consists of six items: infant
gaze/joint attention, infant positive affect, alert, fatigue (revised),
vocalization, and infant initiation. High scores represent high
involvement in interactions.

Infant Communication Behavior
The language/communication subscales of the third edition of
the Bayley Scales of Infant and Toddler Development (Bayley-III)
are used at T1, T2, and T3 (42). The Bayley-III is a standardized
individual assessment of infant performance that is completed
with the parent present. Language evaluation consist of two
subscales: receptive and expressive communication. The Bayley
is specific to developmental stages, and the infant is presented
with age-related toys and tasks to perform. American norms
are available. The Bayley-III has been assessed among low-risk
Danish children, demonstrating both cultural differences and
predictive validity (43, 44).

Parental Representations of Their Child
The Working Model of the Child Interview (WMCI) is used
at T1 and T3 (45). The WMCI is a semi-structured, open-
ended parental interview; completion takes ∼1 h. Interviews
are video recorded and subsequently coded. Four types of
representations are summarized to reflect parents’ current state
of mind about their infant: balanced, disengaged, distorted, and,
through the additional WMCI-D scale, disrupted (46). Balanced
representations (i.e., the parent is engrossed with the child and
conveys an appreciation of the child’s subjective experiences)
is related to secure infant attachment. In contrast, unbalanced
representations are disengaged, distorted, or disrupted.
Disengaged representations (i.e., the parent is emotionally
distant from and sometimes describes aversion to the child)
are associated with insecure-avoidant infant attachment, while
distorted representations (i.e., the parent is pre-occupied with
other concerns, such as mental health problems, and gives
incoherent, unrealistic, confused descriptions of the child) are
associated with insecure-ambivalent attachment (32). Disrupted
representations are characterized by parental fear or frightening
behavior, role-boundary confusion, affective communicative
errors, hostility, and parental withdrawal from the child and are
associated with insecure-disorganized attachment. The WMCI
has been found to be a reliable and valid approach to scoring
representational aspects of parent-child relationships (47–52).

Parental Sensitivity and Intrusiveness
The parental codes of the CIB are used to assess recorded
interactions with the infant. Parental sensitivity consists of 10
items: acknowledging, imitating, elaborating, parent gaze/joint
attention, positive affect, vocal appropriateness, appropriate
range of affect, resourcefulness, affectionate touch, and parent
supportive presence. Parental intrusiveness consists of five
items: forcing, overriding, parent negative affect/anger, hostility,
parent anxiety.

Parental Mental Health and Well-Being
At T1-T6, parental mental health is assessed with the Depression,
Anxiety and Stress Scales-21 (DASS-21), a 21-item questionnaire
assessing symptoms of depression, anxiety, and stress during the
past week (53, 54). Possible item scores range from 0 (did not
apply to me at all) to 4 (applied to me very much, or most of
the time). The DASS-21 is widely used and has been applied in
earlier studies among parents of infants with CP (55). It has good
psychometric properties (56–58).

Parental Birth-related Post-traumatic Stress Disorder
Birth-related trauma among parents will be assessed with the City
Birth Trauma Scale (59), a 29-item questionnaire developed to
measure birth-related trauma using DSM-5 diagnostic criteria
for PTSD. Items are rated on a 4-point scale for frequency
during the previous week (0, not at all; 1, once; 2, 2–4 times;
and 3, 5 or more times). Four clusters of PTSD symptoms are
assessed (re-experiencing, avoidance, negative cognitions and
mood, and hyperarousal) as are symptoms of dissociation during
birth. Psychometric studies (60, 61) have confirmed the presence
of two factors: birth-related PTSD symptoms of intrusion,
avoidance, and negative cognitions and mood specifically related
to birth, and general PTSD symptoms of negative cognitions
and mood and hyperarousal. The City Birth Trauma Scale
has good psychometric properties and has been validated in
several languages. The current study uses a Danish translation of
the scale.

Parental Stress
To assess parental stress, the fourth edition of the short-form
Parenting Stress Index-Short Form (PSI-4-SF) is used at T1-T6
(62). The PSI-4-SF comprises three subscales—parental distress,
parent-child dysfunctional interaction, and difficult child—and
a total stress scale. Studies provide psychometric support for
the PSI-4-SF as an effective and appropriate measure for use
with high-risk families (63). The PSI-4-SF has been used among
parents with children with CP (64).

Postnatal Depression
At T1-T3, the Edinburgh Postnatal Depression Scale (EPDS) is
used with parents (65). The EPDS consists of 10 items assessing
depressive symptoms during the past 2 weeks and is a valid
screening instrument for postnatal depression. A cut-off score of
11 for detecting clinical depression was recently validated among
Danish mothers of infants, with sensitivity and specificity of 77
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and 90% for DSM-V diagnostic criteria and 80 and 96%, for
ICD-10 criteria (66).

Tertiary Outcomes
Infant Socio-Emotional Development
The ASQ-SE2, described above under infant self-
regulation abilities, is used at T1-T6 to assess overall
socio-emotional development.

Infant Quality of Life
At T1-T6, the quality of life of participating high-risk infants is
assessed with the Infant/Toddler Quality of Life Questionnaire
(ITQOL) (67). The ITQOL was developed using the World
Health Organization definition of health as a state of complete
physical, mental, and social well-being and not merely absence
of disease (68). It consists of 47 items assessing physical
function, growth and development, bodily pain, temperament
and moods, behavior, and general health perceptions, as well as
how infant health or handicap affects parental and family well-
being. Response options use a five-point Likert scale, with higher
scores indicating better functioning. Mean scores are calculated
to derive an overall scale score. The ITQOL has good reliability
and validity (69).

Effect Moderators
Severity of Infant Medical Condition
Infants’ medical condition at birth is assessed through electronic
birth health records. In addition, infant cognitive and motor
development trajectories are assessed with the cognitive scale
of the Bayley-III, described above under infant communication
behavior, and the Alberta Infant Motor Scale (AIMS) (42, 70),
a standardized scale assessing delayed and abnormal motor
development in infants. AIMS can be used from birth to 18
months and takes 20–30min to complete. Infant movement
is assessed in prone, supine, sitting, and standing positions.
AIMS is easy to administer and focuses on evaluating motor
milestones and the quality of posture and movements and has
superior predictive validity than other assessments of motor
development (70).

Parental Education and Family Relationships
The educational level of parents and their parity is explored
as effect moderators. At T1, parents self-report information
regarding education, employment, family relationships
(including other children), and annual family income.

Level of Parental Support
The degree of support received by parents is measured
as randomization to the intervention group, measured
dichotomously as yes/no, and the degree to which parents
received the supportive intervention with a psychologist at Elsass
during the observation period, measured as number of hours.

Statistical Analysis
The primary outcome is between-group differences in dyadic
reciprocity at 15 months CA. The statistical significance of any
differences is assessed with t-tests for parametric data and the
Mann-Whitney test for non-parametric data. Regression analysis

and mediation analytical approaches explore the impact of infant
and parental factors and interactional mechanisms.

Based on prior research (33), medium to high effect sizes are
expected. Medium effect sizes can be detected at a 5% level of
significance and a power of 80% with a sample size of 198, with
99 families in each group to detect between-group differences.
High effect sizes can be detected with a sample size of 38, with 19
families in each group. For regression analyses, expecting small
effect sizes, 5% significance level, 80% power, and five predictors
(one infant, two parental, and two confounders), a total sample
size of 92 is required.

Infants at high risk of CP are relatively uncommon andmay be
difficult to recruit. Consequently, we realistically aim to recruit 92
families, with 46 in each group. Experiences from a prior Elsass
Foundation research project recruiting from a single hospital in
the Capital Region suggest it is possible to recruit∼1 family with
a high-risk infant per month. We include all neonatal wards in
two regions to increase recruitment rates. Recruiting an average
of 2.5 families per month will yield a sample size of 92 families
within 3 years. Due to the absence of pre-defined hypotheses and
the small expected number of families in the two randomization
groups, any comparison between them will be exploratory, only.

DISCUSSION

Study findings will enhance our understanding of how parent-
infant interactions may be affected by the infant’s neurological
risk status and identify important mediating factors related
to infant interactive behavior, parental well-being, and
parental representations of the child. This knowledge can
assist in planning future interdisciplinary, relationship-focused
neurohabilitation programs for infants at high risk of CP and
their families that include supporting the emotional development
of high-risk infants and the well-being of their parents.

Infant Interactive Behavior
Bidirectional and reciprocal models of parent-child interactions
have long been acknowledged as the standard for parent-infant
research (71, 72). Such models supersede previous unidirectional
models describing how parental behavior affects child
development. In bidirectional models, both child and parent can
assume the roles of initiator and responder and the relationship
is mutually responsive and reciprocal. Adverse perinatal
experiences and the risk of a severe neurodevelopmental
disorder, such as CP, are likely to restrict infant interactive
behavior due to delayed or atypical development in social,
communication, and self-regulation abilities.

Social initiations, joint attention, and responsiveness to social
cues are less frequent among children with disabilities than
among typical developed children (73). During the first 6
months after birth, infants at risk of CP are more likely to be
less active and engaged in interactions, more fretful, less alert
and focused, and less responsive (e.g., displaying fewer facial
expressions and more negative engagement cues) than typical
developing controls. At 6–12 months, during play interactions,
high-risk infants show less exploratory behavior and are more
dependent on their mothers’ structuring strategies being more
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passive and avoidant at play compared to developmentally
typical children. More severe neurodevelopmental illness is
associated with less interactive behavior (22). In addition, several
studies have found that infant restricted communication abilities
are associated with poorer interaction quality with caregivers.
Pennington and McConachie (29) studied children aged 2–
10 years with CP and found that child expressive language
abilities were the main predictor of restricted communication
patterns with parents, characterized by less child initiation and
responses. Similar results were found by Harel-Gadassi et al. (31)
studying pre- and term born infants. Finally, infants born pre-
maturely are more likely to have self-regulation difficulties than
are infants born at term (74). As such, Feldman (33) found that
infants born pre-maturely with very low birth weight [<1,650 g,
gestational age (GA) < 33 weeks] and those with intrauterine
growth retardation, who are both are at risk of CP (15), showed
more negative emotionality in interactions with both mother
and father, compared to interactions in families with infants at
low risk and families with mothers with postnatal mental health
problems. Likewise, Liu et al. (75) found that during the first
2 months of their lives, infants diagnosed with CP at the age
of 3 years had poorer attention, needed more adult handling
to remain calm and alert, lower self-regulation, more arousal
excitability, more hypertonicity, and lower quality of movement
and exhibited more stress signs than other infants.

Our study will contribute with detailed knowledge on how
infant interactive behavior may be affected by the adverse
perinatal events associated with CP steaming from both parental-
reported and observational accounts. Such knowledge can assist
in developing psychoeducative programs and adapting existing
early psychological intervention programs to infants at high risk
of CP.

Parental Well-Being
It is well-established that parents of children with CP experience
higher levels of parenting stress, anxiety, and depression than
do parents of typically developing children (64, 76–79). Our
study is the first to also study the prevalance of birth-related
parental trauma and the effects of such symptoms on parental
behavior. A recent systematic review found that severity of
infant disability was associated with higher levels of parental
mental health problems among older children with CP, but the
review did not assess the timing or cause of parental mental
health problems (77). Studies among pre-mature infants have
found that 26% of their parents experience clinically significant
mental health problems, compared to 12% of parents of term-
age infants (80). This highlights the importance of detecting
mental health problems among parents of pre-mature infants and
examining the influence of parental mental health on parent-
infant interactions. Doing so is particularly important among
parents with infants at high risk for CP because they face
more severe and specific developmental challenges than do
families with pre-mature infants. Furthermore, it is important
to understand the causality between mental health problems in
parents of infants at high risk for CP and difficulties in parent-
infant interactions.

Parental Representations of the Child
A final possible mediator of the association between neurological
risk and interactional quality is parental representations of the
child. The concept of internal parental representations deriver
from attachment theory and have been suggested as an important
predictor of infant attachment (47). Beginning in pregnancy,
parents develop internal representations of their child that
guide their expectations and behaviors in relation to the child.
Empirically, maternal representation of the child is associated
with maternal behavior (47–50) and infant attachment behavior
(51, 52).

Adverse perinatal events, such as pre-mature birth, and infant
developmental difficulties (e.g., failure to thrive, sleep disorders,
and maltreatment) are associated with an increased risk of
unbalanced parental representations of the child [i.e., associated
with insecure infant attachment; (32)]. Studies among parents
of pre-mature infants have divergent findings. Korja et al. (81),
Tooten et al. (82), and Hall et al. (83) found no differences
in the risk of unbalanced representations between parents of
infants born pre-term and at term. Other studies found that
perinatal risk severity was associated with an increased risk
of unbalanced or suboptimal parental representations (84–86).
Distorted representations are more common among mothers of
pre-mature infants, while disengaged representations are more
frequent among their fathers (82).

Our study is the first to study parental representations of
both mothers and fathers of infants at risk of CP placing the
study within an attachment theoretical perspective. International
clinical guidelines (8) recommends supporting attachment
formation between their parents and their infants at risk of
CP during the first year. As little is known about attachment
development in relation to CP, results from our study will
provide needed knowledge on an important risk factor for
insecure attachment.

Strengths and Limitations
To our knowledge, this will be the first study to longitudinal
examine both mother and father-interactions in a sample of
infants at high risk of CP during the first 15 months of life.
A particular strength of the study is our inclusion criteria that
are in line with current recommendations of early diagnosis of
CP (19) and the longitudinal design. Second, our assessment of
parental interactions include both a naturalistic and experimental
setup with several time points which can aid in understanding
differences in interactive patterns due to parental gender, age,
and context. Third, we thoroughly examine infant and parental
risk and protective factors to build specific knowledge on
which families are at risk of non-optimal interactions and more
importantly, why. Finally, the study is the first to examine
parental representations and birth-related trauma in relation
to CP.

There are several limitations to our study. First, families
with high risk infants are enrolled in a RCT which may
affect the results of this study. The RCT aims to examine
the effect of an early intervention consisting of supporting
parents in providing daily individualized, goal-directed activities,
a nutritional supplement, and neuromuscular stimulation to
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facilitate infant muscle growth. Although the activities and
outcomes of the RCT are not directly related to the aims and
outcomes of this study, selection bias cannot be ruled out. We
will examine differences in all outcomes among families in the
high risk groups but have no hypothesis regarding direction of
effects. A second limitation is our inclusion criteria and related
limited inclusion period of before 15 weeks corrected age. Only
including infants at high risk of CP already identified at a very
early age limits the generalization of our conclusions to families
with infants with CP identified at later ages. However, as we
want to study the formation of and interactive pattern of the at-
risk parent-infant relationship in a prospective design this is a
necessary inclusion criteria.
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