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ABSTRACT
Introduction  School readiness includes cognitive, socio-
emotional, language and physical growth and development 
domains which share strong associations with life-course 
opportunities. Children with cerebral palsy (CP) are at 
increased risk of poor school readiness compared with 
their typically developing peers. Recently, earlier diagnosis 
of CP has allowed interventions to commence sooner, 
harnessing neuroplasticity. First, we hypothesise that early 
referral to intervention for children at-risk of CP will lead to 
improved school readiness at 4–6 years relative to placebo 
or care as usual. Second, we hypothesise that receipt of 
early diagnosis and early intervention will lead to cost-
savings in the form of reduced healthcare utilisation.
Methods and analysis  Infants identified as at-risk 
of CP ≤6 months corrected age (n=425) recruited to 
four randomised trials of neuroprotectants (n=1), early 
neurorehabilitation (n=2) or early parenting support (n=1) 
will be re-recruited to one overarching follow-up study 
at age 4–6 years 3 months. A comprehensive battery of 
standardised assessments and questionnaires will be 
administered to assess all domains of school readiness 
and associated risk factors. Participants will be compared 
with a historical control group of children (n=245) who 
were diagnosed with CP in their second year of life. 
Mixed-effects regression models will be used to compare 
school readiness outcomes between those referred for 
early intervention versus placebo/care-as-usual. We will 
also compare health-resource use associated with early 
diagnosis and intervention versus later diagnosis and 
intervention.
Ethics and dissemination  The Children’s Health 
Queensland Hospital and Health Service, The University 
of Queensland, University of Sydney, Monash University 
and Curtin University Human Research Ethics Committees 

have approved this study. Informed consent will be sought 
from the parent or legal guardian of every child invited 
to participate. Results will be disseminated in peer-
reviewed journals, scientific conferences and professional 
organisations, and to people with lived experience of CP 
and their families.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study is a long-term follow-up of all domains 
of school readiness outcomes of children at risk of 
cerebral palsy who have participated in early neu-
roprotection, neurorehabilitation or parent support 
clinical trials.

	⇒ Comprehensive school readiness outcomes will be de-
termined for children who participated in randomised 
controlled trials (RCTs) of neuroprotection (n=1), early 
neurorehabilitation (n=2) or parent support (n=1) for 
children at risk of cerebral palsy.

	⇒ School readiness outcomes will be assessed using 
standardised measures of cognition, early numera-
cy and literacy, executive function, socio-emotional 
skills and behaviour, gross and fine motor skills, 
functional independence, language and growth.

	⇒ A cost-effectiveness and cost-consequence anal-
ysis will be conducted comparing receipt of early 
diagnosis and intervention versus later diagnosis of 
cerebral palsy.

	⇒ Limitations include the possibility of loss to follow-up 
due to the ≥2-year time-interval between final follow-
up in the RCTs at 24 months corrected age and further 
follow-up in the present study at 4–6 years 3 months 
of age, difficulties with performing assessments due to 
COVID-19 restrictions and possible bias in who is more 
likely to consent to participate.
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Trial registration number  ACTRN12621001253897.

INTRODUCTION
Cerebral palsy (CP) is the most common childhood phys-
ical disability impacting 1 in 700 children in Australia.1 CP 
is a disorder of movement and posture secondary to an 
insult or abnormalities to the developing brain, resulting 
in a lifelong complex disability.2 3 While the early brain 
injury is static, functional limitations can worsen across 
the lifespan.4 An international survey of individuals and 
families with lived experience of CP identified preven-
tion, early intervention and reduction of severity as their 
highest research priorities.5 Prevention and cures is also 
one of the key goals in The Australian & New Zealand 
CP Strategy 2020, as is providing timely intervention and 
support, improving health and well-being and promoting 
inclusion in all areas of life, including in education.6

Historically, the most common age of detection of 
CP was 12–24 months according to the Australian CP 
Register,1 delaying access to intervention. A 2016 system-
atic review of early motor interventions showed that only 
2 of 15 randomised controlled trials (RCTs) showed any 
motor gains for children with CP, because (i) traditional 
interventions have been proven ineffective and contem-
porary evidence-based neurorehabilitation had not 
yet been tested in infants; (ii) most interventions were 
commenced late and were underdosed and (iii) historical 
studies included and treated many children with typical 
development because of late diagnosis affecting recruit-
ment accuracy, resulting in dissolved statistical power.7 
In line with clinical practice guidelines on the diagnosis 
of CP, identification of children at high risk of CP now 
more frequently occurs by 6 months of age in Australia.8 
This allows preventative treatments and management 
practices to commence earlier, and has also allowed early 
recruitment into large clinical trials of novel contempo-
rary neurorehabilitation, harnessing a critical window of 
opportunity for neuroplasticity.9 A landmark 2013 system-
atic review of efficacy of interventions10 which was updated 
in 202011 identified that intensive motor learning-based 
rehabilitation and goal-directed therapies have the stron-
gest evidence to improve functional outcomes in CP.12 13 
There is a critical need however, for further early inter-
vention research and long-term follow-up of outcomes 
beyond 2 years of age.11

School readiness is a framework for assessing the 
strengths and vulnerabilities of a child prior to school.14–16 
It is based on their genetic, biological, environmental 
and maturational status, and it primarily encompasses 
cognitive, social, attentional, self-regulation, gross and 
fine motor skills, language, health status and growth 
domains.17 School readiness is lower in children with 
disabilities relative to children with typical develop-
ment,18 19 and on average, children with CP are 0.5–2 SD 
delayed across all assessed domains of school readiness 
compared with typically developing children.20 Chil-
dren with lower school readiness demonstrate persistent 

academic underachievement and social-emotional risk, 
and it is an important predictor of later academic perfor-
mance and employment.16–18 21 Improving school read-
iness has substantial individual and societal benefits, as 
demonstrated by the Perry Preschool Project, where the 
economic investment of a 1-year, high-quality, universal, 
preschool education estimated a US$7000 net benefit 
per child, which was equal to a return of US$2.62 for 
every US$1 invested, with annual return of 10% over 
60 years.22 23 A ‘real’ return on investment of 16%, with 
75% of benefits identified going to the general public,24 
and the ratio of benefit to cost over the child’s lifetime 
was >8:1,25 with benefits persisting to age 40 years, where 
more were employed (76% vs 56%) and more earned 
>US$20 000 per annum (60% vs 40%).24 26 A multitude 
of factors have been found to influence school readiness, 
including maternal and perinatal factors such as maternal 
age, education, employment and socio-economic status, 
as well as the child’s ethnicity and birth weight27 and accu-
mulation of adverse childhood experiences (ACEs).28 
Studies have also demonstrated the critical importance of 
parenting behaviour on school readiness and academic 
achievement, including effects of parental engagement 
and involvement and parenting sense of competence 
on children’s school readiness outcomes in the areas of 
language, reading, writing and self-regulatory and socio-
emotional skills.29–32 The influence of these factors on 
the school readiness of children at high risk of CP have 
however not been explored, although they may be at 
increased vulnerability due to their early brain injury. 
Furthermore, brain lesion characteristics have been 
found to have potential prognostic value for gross motor 
function33 and communication impairment34 in chil-
dren with CP, but further research is needed. A better 
understanding of risk factors which are identifiable in 
infancy that predict poor school readiness can be used to 
ensure children at high risk of CP receive early, targeted 
interventions.

Children with CP frequently have major comorbidities 
likely to impact long-term outcomes, employment and 
cost of care.2 Based primarily on CP register data, a system-
atic review identified that at age 5 years, 3 in 4 children 
with CP were in pain, 1 in 2 had an intellectual disability, 
1 in 3 could not walk, 1 in 3 had hip displacement, 1 in 4 
could not talk and 1 in 4 had behaviour disorders and 1 in 
15 were tube fed.35 These comorbidities can also impact 
growth and nutritional status,36–38 habitual physical 
activity39 and communication,40 however there has been 
a paucity of interventions to optimise function early, with 
the aim to increase participation and improve quality of 
life.41 School readiness is understudied in children with 
CP, but delays have been identified in children with CP 
commencing school at 5 years in our Australian CP Child 
cohort study.20 Children in this study were born in the 
years of 2006–2009 and were identified and diagnosed 
with CP at 2.2 years corrected age (CA), and consequently 
early neuroprotection and/or neurorehabilitation were 
not received. In the past 6 years, the Australasian Cerebral 
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Palsy Clinical Trials Network has implemented early detec-
tion so that at-risk infants have been recruited prior to 
birth or by <6 months CA into RCTs of neuroprotectants 
(study 1: Protect-me42), early neurorehabilitation (study 
2: Goal-Activity-Motor-Enrichment (GAME),13 study 3: 
Rehabilitation Early for children at risk of Congenital 
Hemiplegia (REACH)43) and early parenting support 
(study 4: Early Parenting Acceptance and Commitment 
Therapy (Early PACT)44) to determine if these interven-
tions improve motor and cognitive outcomes at 2–2.5 
years of age (studies 1–3) or 6 months postintervention 
(study 4). The present study is a long-term follow-up of 
these four RCTs of infants at high risk of CP to determine 
if these interventions improve school readiness outcomes 
at 4–6 years 3 months of age (from now on shortened 
to 4–6+3 years). Both contemporary clinical trials (RCT 
studies 1–4) and a historical prospective cohort (study 5: 
CP Child45–47) will be used to (i) determine the impact of 
referral to early intervention versus placebo/care-as-usual 
(CAU) on school readiness outcomes and (ii) the impact 
of early versus late diagnosis of CP on health resource 
use. The historical prospective cohort group consists of 
children with CP born between 1 September 2005 and 31 
September 2009.45–47 These children participated in the 
Australian CP Child cohort studies, were diagnosed with 
CP in their second year of life or later and received CAU 
(ie, no specific clinical trials of early neuroprotectants or 
neurorehabilitation).45–47 School readiness outcomes for 
this historical prospective cohort have been published 
previously.20

Our primary hypothesis is that children who received 
an early diagnosis of CP and were randomised to an active 
early intervention will have clinically significant improve-
ments in school readiness (primarily operationalised as 
general cognition) at 4–6+3 years of age, relative to peers 
who also received an early diagnosis, but were randomised 
to receive placebo or CAU. Second, we hypothesise that 
maternal and prenatal risk factors, and ACEs will impact 
school readiness at 4–6+3 years. Third, we hypothesise that 
brain lesion characteristics will predict school readiness 
at 4–6+3 years. Fourth, we hypothesise maternal mental 
health and emotional availability will moderate the associ-
ation between early intervention school readiness at 4–6+3 
years. Lastly, we hypothesise that healthcare costs will be 
higher in the first 2 years of life for children with an early 
(≤6 months CA) versus late (>6 months CA) diagnosis of 
CP, however costs will then decrease as earlier diagnosis 
leads to earlier intervention and better school readiness.

METHODS AND ANALYSIS
Objectives
This long-term follow-up of four RCTs will primarily inves-
tigate the effectiveness of early referral to intervention on 
school readiness at 4–6+3 years of age in children with or at 
high risk of CP. The comparison groups for the analysis of 
school readiness will be a contemporary control group of 
children who received either placebo or CAU. Secondary 

aims include investigating which maternal and perinatal 
risk factors and ACEs impact school readiness, identifying 
which brain structure features from MRI are the most 
predictive markers of school readiness, and investigating 
how maternal mental health and emotional availability 
moderate the association between early intervention and 
school readiness. Finally, the cost-effectiveness of early 
versus late diagnosis of CP in terms of differences in 
healthcare use by the age of 4–6+3 years will be assessed. 
The comparison groups will be infants identified as high 
risk of CP <6 months CA versus a historical control group 
of children with CP who participated in a longitudinal 
cohort study (CP Child) and were diagnosed with CP in 
their second year of life or later, and received CAU.45–47

Study design
A flow chart of the study design is provided in figure 1. This 
trial includes sites in the Australian states of Queensland, 
New South Wales, Victoria and Western Australia. Chil-
dren at high risk of CP who participated in one of four 
RCTs as infants (T1, recruited prior to birth or <6 months 
CA) and completed follow-up at 2 years CA (T2) will be 
eligible and invited to return to be assessed for school 
readiness at 4–6+3 years of age (T2). The age range of 
4–6+3 years was chosen as children in Australia may enter 
school as early as 4 years 6 months or as late as 6 years 3 
months depending on parental choice and the state in 
which they reside.

Study 1 (Protect-me)42 was an RCT of in utero neuro-
protectant treatment with antenatal melatonin supple-
ments versus placebo, while study 2 (GAME)13 was an RCT 
of early neurorehabilitation comparing goal-directed 
training in a motor-enriched environment versus CAU, 
study 3 (REACH)43 was an RCT comparing equal doses 
of two early neurorehabilitation interventions (modified 
constraint-induced movement therapy and bimanual 
training) and study 4 (Early PACT)44 was an RCT of 
parenting acceptance and commitment therapy versus a 
wait-list control group. As REACH43 was a comparison of 
two interventions and Early PACT44 was a wait-list trial, 
all children in these studies received an intervention. 
Studies 1, 2 and 4 are still either recruiting or completing 
final follow-up assessments, therefore not all children 
participating in these studies will be turning 4 years old 
in time to be included in the school readiness follow-up 
as data collection concludes in mid-2025. A total of 425 
children are estimated to be eligible to participate in the 
school readiness study from study 1 (Protect-me, n=55), 
study 2 (GAME, n=264), study 3 (REACH, n=80) and 
study 4 (Early PACT, n=26). All RCTs were informed by 
Consolidated Standards of Reporting Trials (CONSORT) 
guidelines. This multisite follow-up trial has been 
designed according to the Standard Protocol Items: 
Recommendations for Interventional Trials statement,48 
will be reported according to the CONSORT statement,49 
and is registered on the Australian New Zealand Clinical 
Trials Registry (ACTRN12621001253897). The WHO 
Trial Registration Dataset items can be found in online 

https://dx.doi.org/10.1136/bmjopen-2022-068675
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Figure 1  Study flow chart. Early PACT, Parenting Acceptance and Commitment Therapy; GAME, Goal-Activity-Motor-
Enrichment; RCT, randomised controlled trial; REACH, Rehabilitation Early for children at risk of Congenital Hemiplegia.
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supplemental appendix 1 and this information reflects 
the study protocol V.1.5 dated 15 September 2022.

Patient and public involvement
Individuals and families with lived experience of CP 
contributed to a Delphi survey of consumers, researchers 
and clinicians, resulting in a published consensus of 
research priorities for CP.5 These research priorities 
underpinned the development of this study. All partici-
pants are encouraged to provide feedback on their expe-
rience of participating in the research study either directly 
or via an anonymous online form, and receive a flyer with 
a QR code on the conclusion of the assessment session 
to encourage feedback. Study updates and findings will 
be communicated to participant in institution newsletters 
and at the conclusion of the study after the primary anal-
yses, a summary flyer of the main outcomes of the study 
will be emailed and/or mailed to participants.

Eligibility criteria
Children recruited into the Protect-me, GAME, REACH 
and Early PACT trials who (i) consented to receive infor-
mation on clinical trials, (ii) who are aged between 4 
years and 6+3 years at the time of assessment and (iii) can 
attend a study visit, will be eligible for participation in this 
follow-up of RCTs. All eligible children (n=425) will be 
offered the 4–6+3-year follow-up regardless of their orig-
inal group allocation in studies 1–4.

Interventions
The interventions delivered in studies 1–4 have 
been described in detail in their respective protocol 
papers.13 42–44 Similarly, assessments performed in the 
historical prospective cohort study has also been reported 
in protocol papers.45–47 Short summaries are provided 
below.

Study 1: Protect-me: RCT of antenatal melatonin 
supplementation in fetal growth restriction (FGR) for 
fetal neuroprotection (ACTRN12617001515381).42 FGR 
is a risk factor for CP, and this is the first triple-blinded, 
parallel-group RCT which aims to determine if antenatal 
maternal melatonin supplementation improves neuro-
development at 2 years compared with placebo for survi-
vors of FGR. Women (n=336) with a singleton pregnancy 
complicated by FGR were recruited between 23+0 and 
31+6 weeks’ gestation.50 The intervention group received 
10 mg melatonin versus placebo. Antenatal assessments 
of maternal and fetal well-being were performed, as well 
as a term-corrected neonatal MRI and general move-
ments assessment. This trial has Monash Health Human 
Research and Ethics committee approval (17-0000-583A) 
and is recruiting across Australia and New Zealand.

Study 2: GAME harnessing neuroplasticity: RCT 
goal-directed motor enrichment for infant CP 
(ACTRN12617000006347).13 Worldwide, GAME is the 
largest RCT (n=300, 150 per group) of early interven-
tion, and aims to identify if goal-directed training in a 
motor-enriched environment (ie, novel neuroplasticity 

neurorehabilitation) produces superior motor and cogni-
tive outcomes to CAU in infants at high risk of CP. Ethics 
approval was obtained through the Sydney Children’s 
Hospital Network Human Research Ethics Committee 
(HREC/17/SCHN/37), with site-specific approvals 
across four states of Australia.

Study 3: REACH RCT (ACTRN12615000180516).43 
This was the first RCT to compare the effect of an equal 
dose of Baby modified Constraint Induced Movement 
Therapy to bimanual training on early reaching and 
grasping in infants at high risk of unilateral CP (n=98). 
Full ethics approval for this study was obtained from 
the Children’s Health Queensland Hospital and Health 
Service Human Research Ethics Committee (HREC/14/
QRCH/376) with ethical review provided by another 20 
sites across 4 states of Australia.

Study 4: Early PACT: RCT of web-based intervention for 
parents of children with CP (ACTRN12616000351415).44 
This is an RCT recruiting parents of children with CP 
(n=66) allocated to Early PACT or a wait-list control. 
PACT is an online parenting course grounded in ACT, 
using environmental enrichment through enhanced 
mother-infant emotional availability. Outcomes include 
the parent-child relationship, parental adjustment and 
child’s quality of life. Ethics approvals were obtained 
through the Children’s Health Queensland Hospital 
and Health Service Human Research Ethics Committee 
(HREC/15/QRCH/115) and The University of 
Queensland (2015001743).

Study 5: CP Child studies and PREDICT-CP: compre-
hensive surveillance to predict outcomes for school-aged 
children with CP (ACTRN12616001488493).45–47 These 
three studies provide a historical control comparison 
group of children who did not receive a diagnosis of CP 
until their second year of life or later and received CAU. 
The CP Child study45 and its concurrent substudy CP 
Child: Growth, Nutrition and Physical Activity (GNPA)47 
formed a prospective longitudinal cohort study of chil-
dren from Queensland from the birth years 2006–2009 
who were assessed at regular intervals between the ages 
of 18 months and 5 years. PREDICT-CP46 was a follow-up 
study of these children at one time point between 8 and 
12 years of age. The aim was to investigate the associations 
between brain structure, neurodevelopment, growth,36 
body composition,37 dietary intake,51 52 oropharyngeal 
function,53 54 habitual physical activity,39 musculoskeletal 
development (hip status, bone health) and muscle perfor-
mance during the preschool period (2–5 years) on motor 
attainment and performance,55 cognition,20 56 executive 
function,57 communication,58 participation, quality of life 
and related health resource use costs at school age (8–12 
years). Ethics approvals were obtained for the Austra-
lian CP Child and GNPA studies through the Univer-
sity of Queensland Human Research Ethics Committee 
(2007001784 and 2008002260), the Children’s Health 
Services District Ethics Committee (HREC/07/
QRCH/107 and HREC08/QRCH/112/AM01) and eight 
other sites across Australia.45 47 Subsequent ethics approvals 
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were obtained for the PREDICT study from The Univer-
sity of Queensland Human Research Ethics Committee 
(2014001487) and the Children’s Health Services District 
Ethics Committee (HREC/14/QRCH/329).46

CHARACTERISATION OF THE SAMPLE
Two measurement time points will be included: baseline/
infant assessment and the present study follow-up at 4–6+3 
years for school readiness. To characterise the sample at 
baseline, the age of identification of high risk of CP and 
age at formal diagnosis of CP (if any) will be identified 
from studies 1–4. Age of diagnosis will also be identi-
fied for study 5. Furthermore, any data on the General 
Movements Assessment59 at writhing and fidgety ages, 
GM Motor Optimality Score60 or Hammersmith Infant 
Neurological Exam61 score completed between birth and 
24 months CA will also be collected.

Demographic characteristics will be collected to char-
acterise the sample at the at 4–6+3 years follow-up. The 
child’s age, sex, ethnic identity of mother and father 
(Aboriginal, Torres Strait Islander, Māori, Caucasian, 
Asian, Africa, Hispanic or Latin, Pacific Islander, Indian, 
Arabic and/or specify other), language(s) spoken at 
home and whether they have attended an early learning 
programme (preschool/kindergarten) will be collected. 
The mother’s age at time of child’s birth, the family’s 
postcode (to identify Socio-Economic Indexes for Areas 
Index of relative Socio-Economic Advantage and Disad-
vantage rank),62 and the parent’s marital status, ethnicity 
and highest completed level of education will also be 
collected.

Classification measures
1.	 Clinical signs of CP. Motor type will be classified as spas-

tic, dystonic, ataxic, hypotonic, choreoathetosis or 
no motor type detected according to the Australian 
Cerebral Palsy Register (ACPR) guidelines.63 The 
ACPR Description Form will be used to record the 
motor type and distribution of clinical signs of atypical 
muscle tone.63 For spastic CP, distribution will be clas-
sified by number of limbs impaired, unilateral (hemi-
plegia) and bilateral distribution (diplegia, triplegia, 
quadriplegia) on the Australian Spasticity Assessment 
Scale.64 If the child does not have a diagnosis of CP 
and does not present with clinical signs of CP as per 
the ACPR, the CP-specific classifications and measures 
outlined below will not be completed.

2.	 Functional severity. Participants will be classified using 
the Gross Motor Function Classification System (GM-
FCS). The GMFCS has internationally established va-
lidity, reliability and stability for the classification and 
prediction of motor function of children with CP aged 
2–12 years.65 66 It has an acceptable inter-rater and 
intra-rater reliability.67

3.	 Manual ability will be classified as level I–V using the 
Manual Abilities Classification System (MACS).68 The 
MACS classifies a child’s ability to hand objects in dai-

ly life on a five-level ordinal scale, and has established 
construct validity and excellent inter-rater reliability.68

4.	 Communication and speech. Based on a naturalistic 5 min 
language sample with familiar and unfamiliar commu-
nication partners, a speech therapist will rate partic-
ipants using the Communication Function Classifica-
tion System,69 the Functional Communication Classifi-
cation System70 and the Viking Speech Scale.71

5.	 Eating and drinking abilities. The Eating and Drinking 
Ability Classification System (EDACS) for children with 
CP will be used to rate children’s safety and efficacy 
when eating and drinking via (i) parent report and (ii) 
speech therapist observation of a standardised feeding 
assessment.72 73 The EDACS has excellent inter-rater 
reliability and good agreement between speech thera-
pist and parent rating.72

Study aims
Aim 1: early intervention versus CAU/placebo
Records of children in studies 1–4 will be assessed to iden-
tify (i) age at intervention study commencement, (ii) allo-
cation to treatment versus CAU/placebo, (iii) total dose 
of intervention in hours and (iv) content of intervention.

Aim 2: risk factors for adverse neurodevelopmental outcome
a. Maternal and perinatal risk factors will be retrieved from 
clinical trial and neonatal hospital discharge summaries 
and maternal interview including the child’s gestational 
age at birth, method of delivery, maternal risk factors 
(family genetic history, multiple gestation, infection, 
substance use, smoking, alcohol intake using the Alcohol 
Use Disorders Identification Test- Consumption74 and 
perinatal variables (eg, days of neonatal intensive care 
unit admission, oxygenation, ventilation)). Medical data 
will be collected using standardised Australian & New 
Zealand Neonatal Network (ANZNN) data definitions 
(eg, GA, birth weight, disease severity, structural MRI, 
periventricular haemorrhage, periventricular leukoma-
lacia, hypoxic ischaemic encephalopathy).

b. Adverse childhood experiences: Centre for Youth Well-
ness Adverse Childhood Experiences Questionnaire for Chil-
dren (ACE-Q) is a 17-item instrument completed by the 
parent or caregiver for children aged 0–12 years. Items 
in section 1 assess the exposure to the original 10 ACEs 
and the section 2 items assess for exposure to additional 
early life stressors relevant to children. Adverse events 
include: emotional or physical abuse or neglect, sexual 
abuse, separation from caregiver, domestic violence, care-
giver’s substance abuse, mental illness or physical illness, 
community violence, discrimination, housing instability, 
food insecurity or low family cohesio.75 76 A cumulative 
number of exposures is collected to deidentify specific 
events to protect privacy.

Aim 3: brain structure
Brain lesion severity and qualitative type: neonatal MRIs will 
be retrieved, and early brain structure will be classified 
according to Kidokoro et al75 76 (studies 1–4, n=425 and 
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study 5, n=150 (collected)). Structural MRIs from age 
≥2 years will also be retrieved and brain structure will be 
classified using the Fiori semi-quantitative brain lesion 
severity scale77 and qualitative type will be classified 
according to Krägeloh-Mann and Cans.78 Where possible 
both neonatal and later MRIs will be analysed using auto-
mated analysis pipelines to measure brain structure.79 
Measures of brain structure include anatomical volumes, 
cortical shape like cortical thickness and sulcal depth, 
qualitative measures from Kidokoro et al and microstruc-
ture (including fractional anisotropy, mean diffusivity 
and fixel-based measures)80–82 as well as clinical informa-
tion (gestational age, gender).

Aim 4: maternal mental health and family measures
a. Maternal mental health: Depression Anxiety Stress Scale 
(DASS-21) is a 21-item self-reported measure that assesses 
symptoms of depression, anxiety, stress in adults and will 
be used to assess parental mental health. The DASS-21 
has good test-retest reliability and its three subscales have 
good internal consistency ranging from 0.87 to 0.94.83 
The DASS also has good discriminant and concurrent 
validity for identifying diagnostic presence of depression 
and anxiety.83 Cut-off scores for depression, anxiety and 
stress classify symptoms as normal, mild, moderate, severe 
or extremely severe.83

b. Parent-child relationship: Emotional Availability-Self-
Report (EA-SR) is a 32-item parent-report measure of 
emotional availability within parent-child relationship. 
The EA-SR has five subscales: mutual attunement, affect 
quality, capacity to involve parent, intrusiveness and 
hostility, validated against the EAS.84 A parental emotional 
availability scale can be calculated by reverse coding the 
intrusiveness and hostility subscales, such that higher 
scores reflected higher parental emotional availability.85

c. Life stressors: life events list is a self-reported 24-item 
instrument to assess the number and types of stressful life 
events along with the degree of stress experienced across 
21 specific life events and 3 optional events during the 
past 12 months. Items include events that normatively 
are considered negative (eg, deaths, crime) as well as 
events that are more ambiguous (eg, change in finances, 
relocating).86

Aim 5: early versus late diagnosis of CP
Age of diagnosis/identified as ‘high risk’ of CP: children 
participating in studies 1–4 (‘early diagnosis/identifica-
tion’) will be compared with children in study 5 (‘late 
diagnosis’).

Outcome measures
The primary outcome measures for aim 1 (effect of early 
intervention), aim 2 (risk factors) and aim 4 (maternal 
mental health) on school readiness is general cogni-
tion (Wechsler Preschool & Primary Scale of Intelli-
gence (WPPSI-IV A&NZ)). The two secondary outcome 
measures for these aims are motor capacity (Gross Motor 
Function Measure (GMFM-66)) and a novel School 

Readiness Index. The GMFM-66 is specific to the CP 
population, whereas all the measures included in the 
index have normative scores/values available.

The School Readiness Index comprises nine measures 
of general cognition, early literacy and numeracy, execu-
tive function, behaviour and socio-emotional skills, gross 
and fine motor skills, functional independence, language 
and growth (table 1). For the purposes of the index score, 
children with a standardised score below the average 
range as specified for each measure will be considered in 
the ‘low range’ for school readiness, and receive a score 
of zero for this specific measure.87 For growth measures, 
children with height-for-age, weight-for-age or body mass 
index-for-age ≥2 SD below the mean of age-matched and 
sex-matched peers were considered to have poor nutri-
tional status as per WHO growth standards, and receive 
a score of zero for the growth domain.88 For domains 
where participants are within or above the normative 
range, they receive a score of 1. The maximum score for 
the School Readiness Index is 9, and a greater score indi-
cates a greater level of school readiness. School readiness 
is a broad conceptual framework, and the School Readi-
ness Index has been constructed to quantify the number 
of school readiness domains where the participants are 
within or above the average normative range. The index 
allows comparison of a broader measure of school readi-
ness between groups by using the continuous index score 
as the outcome measure. The use of an index to assess the 
number of affected school readiness domains has been 
used in children born very preterm.18 89 The number of 
readiness domains affected at age 4 in this population 
strongly predicted later educational risk, and delays 
in ≥two domains was found to be an effective criterion 
for educational surveillance and/or additional support 
during the transition to school.89

The primary outcomes for aim 3 (early biomarkers) 
are general cognition (WPPSI-IV A&NZ), motor 
capacity (GMFM-66) and fine and gross motor skills 
(Peabody Developmental Motor Scales (PDMS-2)). The 
primary outcome measure for aim 5 (early vs late diag-
nosis) is health resource use, and secondary measures 
include motor capacity (GMFM-66), functional inde-
pendence (Paediatric Evaluation of Disability Inventory-
Computerised Assessment Test (PEDI-CAT)) and growth 
status (height, weight and body mass index z-scores) as 
these were also collected in the CP Child studies.45 47 
Apart from the primary and secondary school readiness 
outcomes, additional subdomains have been considered 
for a more comprehensive profiling of the nature of 
impairments, including manual ability, feeding skills, diet 
quality, body composition, habitual physical activity and 
quality of life. Table 2 presents the school readiness vari-
ables and data pooling plan.

General cognition: WPPSI-IV A&NZ
The WPPSI-IV A&NZ estimated Full Scale IQ subscales 
(information, similarities, block design, matrix reasoning, 
picture memory, bug search) will be used to determine 
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children’s general cognitive development at 4–6+3 years 
will be assessed.90 The WPPSI-IV is the gold standard for 
identifying general cognitive delays/deficits and has been 
standardised on Australian children with the normative 
sample representative of the Australian census for age, 
gender, parental education, geographic location and 
Indigenous status. The WPPSI-IV has strong internal 
consistency (0.85–0.95) and test-retest reliability (0.70–
0.88), along with strong correlations with the Wechsler 
Intelligence Scale for Children.90 To minimise misclassi-
fication of children’s general cognitive abilities because 
of their underlying motor impairments (GMFCS IV/V), 
only the motor free subtests of the WPPSI-IV will be used 
to estimate Full Scale IQ as per current recommenda-
tions and our ongoing validation project. Furthermore, 
if deemed appropriate by the assessor, the five subtests of 
the WPPSI-IV that do not require verbal responses will be 
administered to estimate the non-verbal index.

Intellectual and developmental disability
The Vineland Adaptive Behaviour Scales, Third Edition 
(Vineland-3)91 will supplement the WPPSI-IV assess-
ment for identifying children with intellectual and 
developmental disabilities. The Vineland-3 produces a 
global score (adaptive behaviour composite) and stan-
dard scores in three domains (communication, daily 
living skills, socialisation). It has good internal consis-
tency (0.94–0.98) and its domains and overall score has 
moderate to high correlations (r=0.67–0.81) with other 

measures of adaptive behaviour (ie, Bayley Scales of 
Infant and Toddler Development Third Edition).91

Executive function: Behaviour Rating Inventory of Executive 
Function-Preschool
Behaviour Rating Inventory of Executive Function-
Preschool (BRIEF-P) is a parent rated, comprehensive 
measure of children’s emerging executive function abil-
ities across three broad indexes (inhibitory self-control, 
flexibility and emergent metacognition), and one 
composite score.92 BRIEF-P has strong internal consis-
tency (0.80–0.90), test-retest reliability (0.80–0.90), with 
strong correlations (>0.70) with other standardised 
behaviour rating scales.92

Early academic skills: Wechsler Individual Achievement Test-
Australian and New Zealand Standardised, Third Edition
Wechsler Individual Achievement Test-Australian and 
New Zealand Standardised, Third Edition is a stan-
dardised measure of academic achievement across 
domains of oral language, reading, written language 
and mathematics for individuals from 4:0 to 5:11 years of 
age.93 The early reading skills and maths problem solving 
subtests will be used. The internal consistency coefficients 
are strong (r=0.83–0.95).93

Behaviour Assessment System for Children
Behaviour Assessment System for Children, Third 
Edition (BASC-3) is a parent-rated questionnaire of 

Table 1  School Readiness Index domains

School readiness domains Measure Domain/Score

‘School 
ready’ 
cut-off

School Readiness 
Index

General cognition WPPSI-IV Full Scale IQ >90 1 point

Literacy and numeracy WIAT-III Early reading skills >90 1 point if above cut-
off for bothMaths problem solving >90

Executive function BRIEF-P Global executive composite <65 1 point

Intellectual and developmental disability Vineland-3 Adaptive behaviour composite >85 1 point

Behaviour and socio-emotional skills BASC-3 Behavioural symptoms index <60 1 point if both 
below/above cut-offAdaptive skills >40

Gross and fine motor skills PDMS-2 Total motor quotient >90 1 point

Functional independence PEDI-CAT Daily activities >40 1 point if all above 
cut-off or allMobility >40

Social/Cognitive >40

Responsibility >40

Language PLS-5 Total language score >85 1 point

Growth/Nutritional status Anthropometry 
(z-scores)

Height, weight and BMI-for-age >−2 SD 1 point if all above 
cut-off

WPPSI-IV90; WIAT-III93; BRIEF-P92; Vineland-391; BASC-394; PEDI-CAT109; PLS-5.114

BASC-3, Behaviour Assessment System for Children, Third Edition; BMI, body mass index; BRIEF-P, Behaviour Rating Inventory of Executive 
Function-Preschool; PDMS-2, Peabody Developmental Motor Scales; PEDI-CAT, Paediatric Evaluation of Disability Inventory-Computerised 
Assessment Test; PLS-5, Preschool Language Scale, Fifth Edition; Vineland-3, Vineland Adaptive Behaviour Scale; WIAT-III, Wechsler 
Individual Achievement Test; WPPSI-IV, Wechsler Preschool & Primary Scale of Intelligence, Fourth Edition A&NZ.
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child socio--emotional development across the domains 
of internalising and externalising problems including 
aggression, anxiety, inattention, conduct problems and 
withdrawal.94 The BASC-3 has strong internal consis-
tency (0.76–0.96) and test-retest reliability (0.80–0.93), 
and strong correlations with other standardised rating 
scales.94

Gross Motor Function Measure
GMFM-66 is a criterion-referenced observation measure 
designed to assess changes in gross motor function in 
children with CP.95 The original GMFM-88 is an 88-item 
measure with items spanning the spectrum of gross 
motor activities in five dimensions (A: lying and rolling, 
B: sitting, C: crawling and kneeling, D: standing and E: 
walking, running and jumping).96 The GMFM-66 is a 
66-item subset of the original 88 items, developed using 
Rasch modelling to represent gross motor function on 
a unidimensional interval scale (score 0–100).97 The 
GMFM-66 will be administered and provide an overall 
measure of gross motor function capacity (ie, what they 
are able to do in a standardised environment)98 in the 
current study for children with CP. It has established 
construct validity, high test-retest reliability (intraclass 
correlation coefficient (ICC)=0.99), responsive to change 
(minimal clinically important difference (MCID)=3.7) 
and has concurrent validity with Bayley-III (r=0.42 fine 
motor, 0.64 gross motor).97 99 100

Table 2  School readiness variables and data pooling plan

Studies 1–4 
(aims 1–4)

Study 5 
(aim 5)

Exposure

Aim 1: intervention—active 
treatment

Yes/No n/a

Predictors/Moderators

Aim 2: maternal/perinatal risk ANZNN Assess Partial

Aim 2: adverse childhood 
experiences

ACE-Q n/a

Aim 3: brain structure via MRI Kidokoro et al, Fiori et al 
scale, Krägeloh-Mann 
and Cans

Aim 4: mental health (maternal) DASS-21 n/a

Aim 4: emotional availability 
(maternal)

EA-SR n/a

Aim 4: life stressors (maternal) LEL n/a

School readiness outcome measures

Cognition and behaviour

General cognition (primary 
outcome)

WPPSI-IV n/a

Literacy and numeracy WIAT-III n/a

Executive function BRIEF-P n/a

Intellectual and developmental 
disability

Vineland-3 n/a

Behaviour and socio-emotional 
skills

BASC-3 n/a

Motor capacity and performance

Motor capacity GMFM-66

Gross and fine motor skills PDMS-2 n/a

Manual abilities AHA/BoHA n/a

Functional independence PEDI-CAT

Communication

Language PLS-5 n/a

Nutritional status, dietary intake and feeding skills

Growth/Nutritional status Height, weight, BMI, BIA

Dietary intake/Quality AES-FFQ n/a

Feeding skills DDS, 3-oz 
water test

DDS

Physical activity performance

Habitual physical activity Accelerometer

Quality of life

Quality of life ITQOL n/a

Healthcare costs

Health resource use Health resource use

Continued

Studies 1–4 
(aims 1–4)

Study 5 
(aim 5)

Study 1=Protect-me; study 2=GAME; study 3=REACH; study 
4=Early PACT; study 5=CP Child.
ANZNN; ACE-Q139; LEL86; MRI; Kidokoro et al76; Fiori et al scale77; 
Krägeloh-Mann and Cans78; EA-SR84; DASS-2183; GMFM-6695; 
WPPSI-IV90; WIAT-III93; Vineland-391; BRIEF-P92; BASC-394; AHA103; 
BoHA106; PEDI-CAT109; PLS-5114; BIA115; AES-FFQ121; DDS53; 3-oz 
water drinking test125; ITQOL133; HRU.134

ACE-Q, Centre for Youth Welfare Adverse Childhood Experiences 
Questionnaire for Children; AES-FFQ, Australian Eating Survey 
Food Frequency Questionnaire; AHA, Assisting Hand Assessment; 
ANZNN, Australian & New Zealand Neonatal Network; BASC-3, 
Behaviour Assessment System for Children, Third Edition; BIA, 
bioelectrical impedance analysis; BMI, body mass index; BoHA, 
Both Hands Assessment; BRIEF-P, Behaviour Rating Inventory 
of Executive Function-Preschool; CP, cerebral palsy; DASS-21, 
Depression Anxiety Stress Scale; DDS, Dysphagia Disorder 
Scale; Early PACT, Early Parenting Acceptance and Commitment 
Therapy; EA-SR, Emotional Availability-Self Report; GAME, Goal-
Activity-Motor-Enrichment; GMFM-66, Gross Motor Function 
Measure; HRU, Health Resource Use Questionnaire; ITQOL, Infant 
Toddler Quality of Life Questionnaire; LEL, life events list; n/a, not 
available; PEDI-CAT, Paediatric Evaluation of Disability Inventory-
Computerised Assessment Test; PLS-5, Preschool Language 
Scale, Fifth Edition; REACH, Rehabilitation Early for children at risk 
of Congenital Hemiplegia; Vineland-3, Vineland Adaptive Behaviour 
Scale; WIAT-III, Wechsler Individual Achievement Test; WPPSI-IV, 
Wechsler Preschool & Primary Scale of Intelligence, Fourth Edition 
A&NZ.

Table 2  Continued
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Peabody Developmental Motor Scales
PDMS-2 will be used to evaluate gross and fine motor 
skill performance, that is, what skills they demonstrate 
in their daily environment.98 101 This standardised, norm-
referenced measure for children from birth to 5 years 
11 months of age has been validated as a discriminative 
measure for motor skill delays, and demonstrated respon-
siveness to change for children with CP aged 2–5 years.102

Manual ability
The Assisting Hand Assessment (AHA) measures the 
effectiveness with which a child with unilateral CP uses 
their more affected hand during bimanual activity perfor-
mance.103 Test-retest reliability is high (ICC=0.98) and the 
AHA is responsive to change following upper limb inter-
vention with a smallest detectable difference of 3.89 raw 
score points.104 105 The Both Hands Assessment (BoHA) 
has been adapted from the AHA, and measures how chil-
dren with bilateral CP use their hands in bimanual activ-
ities.106 Rasch measurement modelling showed strong 
evidence of internal construct validity106 and scores on the 
BoHA are highly correlated with measures of upper limb 
capacity (Melbourne Assessment 2 subscales=0.48–0.83, 
Box and Blocks Test=0.85, n=39)107 and measures of self-
care performance (PEDI-CAT r=0.73, n=44).108

Paediatric Evaluation of Disability Inventory-Computerised 
Assessment Test
PEDI-CAT is a standardised, norm-referenced assessment 
of independence in self-care, mobility, social cognitive 
and responsibility domains.109 110 The test is valid, reli-
able and responsive in children with developmental 
delay and/or CP.111 112 Convergent validity has been 
established between domains of the PEDI and the Func-
tional Mobility Scale, the Daily Activities and Speech and 
Communication domains of the Paediatric Quality of Life 
CP and the Personal Care and Communications domains 
of the Caregiver Priorities and Child Health Index of Life 
with Disabilities questionnaire (r=0.42–0.85, p<0.001).111 
Test-retest reliability has been found to be excellent 
(ICC=0.96–0.99). The PEDI-CAT is completed by parents, 
and the content balanced version will be used.113

Preschool Language Scale, Fifth Edition
Preschool Language Scale, Fifth Edition is a compre-
hensive developmental language assessment (recep-
tive and expressive subtests) for children up to 7 years 
11 months.114 It is an interactive, play-based assessment 
featuring items to address a wider variety of early play 
behaviours. Split half reliabilities range from 0.80 to 0.97. 
The total language score has a sensitivity of 0.83 and spec-
ificity of 0.80 for detecting language delay disorder in 
children from birth through age 7 years 11 months.114

Growth and nutritional status
Growth and nutritional status will be measured by body 
weight, height, length or knee height and body composi-
tion using bioelectrical impedance analysis validated for 
use in the CP Child study (study 5).115 116 Anthropometric 

data will be converted to z-scores using Centers for Disease 
Control growth charts for children.88 117 Nutritional status 
will be determined using height, weight and body mass 
index z-score cut-offs.118 119

Dietary quality: the Australian Eating Survey Food Frequency 
Questionnaire
The Australian Eating Survey Food Frequency Question-
naire will be completed via parent report and the Austra-
lian Recommended Food Score-Preschool (ARFS-P) 
version will be calculated.120 The ARFS-P has demon-
strated validity in characterising nutrient intakes of chil-
dren aged 2–5 years.120 121 Diet quality is an important 
determinant of child growth and development, and 
poor preschool dietary quality has been associated with 
parental concerns of poorer school readiness.122 123

The Dysphagia Disorder Survey Part 2
The Dysphagia Disorder Survey (DDS) Part 2 raw score 
will be used to evaluate oral, pharyngeal and oesophageal 
phase dysphagia, scored from video by a DDS-certified 
speech therapist from a standardised feeding assessment 
(including puree, lumpy/mash, chewable, tough chew-
able and fluid textures).53 124 The DDS had excellent 
reliability (intra-rater agreement >90% and inter-rater 
agreement >85%) and acceptable convergent validity 
(sensitivity=100% and specificity=47.1%) for identifying 
oropharyngeal dysphagia in children with CP.53 124 Chil-
dren will also complete the 3 oz (90 mL) water swallow 
test, which has acceptable psychometric properties for 
detecting oropharyngeal dysphagia in children (sensi-
tivity=100%, specificity=51.2%).125 Clinical signs sugges-
tive of pharyngeal phase impairment will be assessed 
premeal and postmeal as the presence or absence of (i) 
wet/gurgly voice, (ii) wet/gurgly breathing, (iii) rattly 
chest and (iv) cough.38 A parent-report feeding question-
naire used in study 5 will also be completed.54 Feeding 
difficulties and dysphagia can negatively impact nutri-
tional status and present as a challenge and point of stress 
for children and parents when attending school.126

Habitual physical activity
Triaxial accelerometers will be used to evaluate the 
frequency, intensity and duration of physical activity.127 
While the GMFM-66 measures activity capacity (what chil-
dren are capable of in terms of walking, running, etc), 
habitual physical activity is a measure of physical activity 
performance (what children do in their daily life).128 
Accelerometry is valid, reliable and feasible in children 
with CP.129 130 A combined thigh/wrist model has been 
validated for GMFCS III and IV.131 Accelerometers will be 
fitted on the less affected wrist and thigh during assess-
ment and worn during waking hours for 7 days.127 Raw 
accelerometer data will be processed using machine 
learning algorithms specifically trained and validated 
for assessing habitual physical activity in CP.131 132 The 
machine learning algorithms identify activity type and 
quantify time spent in sedentary activities (sitting or lying 
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down), standing utilitarian movements (light intensity), 
comfortable walking and brisk walking (moderate-to-
vigorous intensity activity).131 132

Quality of life: the Infant Toddler Quality of Life Questionnaire
The Infant Toddler Quality of Life Questionnaire 
(ITQOL) is a 103-item parent-reported questionnaire of 
quality of life for infants and toddlers aged 2 months to 
5 years, and measures quality of life across physical, mental 
and social well-being. For each of the 10 concepts (phys-
ical functioning, growth and development, bodily pain, 
temperament and moods, general behaviour, getting 
along, general health perceptions, change in health 
and parental impact: emotional/time/family activities/
family cohesion) item responses are scored, summed and 
transformed to a scale from 0 (worst health) to 100 (best 
health).133 The ITQOL has demonstrated acceptable 
internal consistency (Cronbach’s alpha >0.70) and test-
retest reliability (ICC ≥0.50, p<0.01) for all 10 scales.133

Economic evaluation
Resource use and direct costs of treatment will be 
measured using our previously developed Health 
Resource Use Questionnaire (HRU)134 supplemented by 
data linkage from the Medical Benefits Scheme (MBS) 
and Pharmaceutical Benefits Scheme (PBS) from the 
Department of Human Services. Health resource use data 
include screening assessments, therapy frequency and 
duration, hospital admissions, general practitioner and 
other medical visits, medications, equipment and parent 
time taken for appointments. Costs of the early interven-
tions will be based on actual staff and equipment costs 
in the trials. Standard cost sources including MBS, PBS, 
hospital and diagnostic-related grouping for inpatient 
and outpatient services will be applied to the resource use 
and a total cost of care will be calculated for each child 
up to age of assessment of school readiness (4–6+3 years).

Participant timeline
The follow-up time-point for the School Readiness study 
consists of a one-off assessment that takes approximately 
6 hours including at least two scheduled breaks. To 
improve feasibility, the assessments may be completed 
over two or more visits depending on parent preference 
and child tolerance. Assessments may be completed at 
research centres or as home visits, and parent question-
naires may be completed online after the assessment or 
as interviews over the phone or videoconference. Primary 
caretakers may opt to only do online/phone question-
naires if an in-person assessment is not feasible. Child 
participants are also requested to wear a wrist and thigh 
accelerometer during waking hours for 7 days, starting 
the day following the assessments. Parents or caregivers 
will be required to fill out a wear log for the acceler-
ometer. After the study visit, participants will receive a 
summary report of their child’s developmental progress 
using findings from key assessments. Parents and care-
givers will be encouraged to contact the study team for 

further information about assessments performed on the 
day should they wish to receive this.

Recruitment
Children recruited into the Protect-me, GAME, REACH 
and Early PACT trials will be approached by study 
personnel for reconsent for this follow-up at 4–6+3 years 
of age. Families with a child meeting eligibility will be 
invited to join this follow-up at the four collaborating 
sites (Queensland, New South Wales, Victoria, Western 
Australia) and associated clinical services (Queensland 
Children’s Hospital, Cerebral Palsy Alliance, Monash 
Children’s Hospital, Perth Children’s Hospital). Recruit-
ment from the four major centres will enable the target 
sample size to be achieved. Recruitment at each site 
will begin following receipt of ethical and governance 
approvals. Recruitment will draw on current databases 
from the previous studies.

Allocation and blinding
Mothers recruited in the Protect-me trial (study 1) were 
randomly allocated to receive melatonin or placebo via an 
online computerised randomisation service.42 Children 
recruited for studies 2–4 were randomised according 
to each study protocol to receive intervention or CAU 
(GAME13), equal dose of one of two different early inter-
ventions (REACH43) and intervention or wait-list control 
(Early PACT44) using an electronic allocation system 
determined by non-study personnel via Research Elec-
tronic Data Capture (REDCap). Where possible assessors 
on the school readiness outcomes will be masked to group 
allocation in studies 1–4 but in some instances, they may 
have knowledge of the participants from previous interac-
tions in other studies.

Data management
Data types and collection
Objective data will be collected using standardised assess-
ment during face-to-face interaction with the child, 
which may be videotaped, and 7-day accelerometry will 
be collected. Primary caregivers will complete question-
naires about the child and themselves via online surveys/
scoring software and/or paper questionnaires. Medical 
chart reviews will be used to confirm or clarify medical 
information, and MRIs will be retrieved for scoring. All 
data are re-identifiable. Data quality monitoring of the 
REDCap database will be undertaken quarterly by the 
centre data manager to ensure data are accurate and 
complete.

Data transfer and storage
Data management will comply with relevant privacy proto-
cols, such as the Australian Standard on personal privacy 
protection. All data collected will be coded with a partici-
pant ID number. Consent forms and identification codes 
will be stored in a different place from the data records 
to which they are linked. Data recorded on paper will be 
stored at the trial sites in locked filing cabinets during the 
data collection phase and within an archive box located 
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at the Centre for Child Health Research at the conclusion 
of the data collection phase. Electronic data will be stored 
on secure Australian servers using REDCap (database) 
and UQ research data manager. Data will be retained 
until HREC-approved retention period following closure 
of study (15 years).

Statistical methods
Sample size and power calculations
Up to 425 children at high risk of or with CP, aged between 4 
years and 6+3 years are eligible for inclusion based on study 
1–4 participation numbers. The total number of partici-
pants with data for the primary outcome (WPPSI-IV) and 
secondary outcome (GMFM-66) is expected to be n=373 
(conservatively assume 4–6+3-year-old data from 90% of 
425 potential participants from studies 1 to 4). This gives 
90% power (alpha=0.05) to detect between intervention 
versus placebo/CAU differences of 0.26 SD or greater on 
the WPPSI-IV. This is equivalent to a difference of >3.9 
units on WPPSI-IV standardised norms. When examined 
by intervention type, we have 90% power (alpha=0.05) 
to detect a between-group difference of >6.4 units for 
neuroprotectants and >4.8 units for neurorehabilitation. 
For ambulant children, we can detect between-group 
differences of >5.2 units and >5.5 units for non-ambulant 
children. For the secondary outcome of GMFM-66, we 
assume an SD of 8.6 units.55 Consequently, we have >95% 
power to detect an MCID of at least 5 units overall (and 
>95% power for ambulant (MCID=7), >80% power non-
ambulant (MCID=5). For the novel secondary outcome 
of the School Readiness Index, if we assume an SD of 2 
units, we have 80% power to detect differences between 
groups of >0.52 units.

Statistical analyses
Summary statistics will be displayed for continuous 
variables as either mean and SD or median and IQR as 
appropriate, while categorical variables will be displayed 
as frequency (percentage). To investigate the primary 
outcomes for aim 1, the association between group 
(intervention vs placebo/CAU) and general cognition 
(WPPSI-IV) we will build a mixed-effects linear regres-
sion model. Group and time will be included as fixed 
effects, with a group-by-time interaction. Participant 
will be included as a random effect to account for the 
non-independence of observations from the same child. 
Balance between groups will be investigated and poten-
tially confounding variables will be included in model 
as co-variables as appropriate. Models for secondary 
outcomes will be constructed using the same principles. 
For secondary outcomes assessed using continuous data 
we will construct linear models, for outcomes using binary 
data we will construct logistic models and for outcomes 
using count data we will construct Poisson models. The 
same analysis principles will also be used to investigate 
the secondary outcomes for aim 5 (gross motor capacity 
(GMFM-66), functional independence (PEDI-CAT) 
and growth status (height, weight and body mass index 

z-scores)), with diagnosis time (early vs late) included as 
the main effect in mixed-effects linear regression models.

To investigate aim 2, which involves identifying maternal 
and perinatal risk factors for adverse neurodevelopmental 
outcomes, we will build a series of regression models. First, 
we will run univariable models, with explanatory variables 
investigated chosen based on knowledge from literature 
and from the dataset. The best multivariable models will 
be identified using the Bayesian Information Criterion. 
Model calibration will be tested graphically, and internal 
validation will use bootstrap resampling. To investigate 
aim 4, which involves identifying the moderating effects 
of maternal mental health and emotional availability on 
primary and secondary outcomes, moderated regression 
models will be used.

For aim 3, brain structure data and other relevant vari-
ables (gestational age, gender) will be input into machine 
learning models (multivariable regression and random 
forests).135 Outcomes of these machine learning models 
will be general cognition (WPPSI-IV), gross motor capacity 
(GMFM-66) and gross and fine motor skills (PDMS-2). 
A stepwise feature selection procedure will identify the 
most predictive markers of clinical outcome and will be 
validated with a model cross-validation strategy.

For primary outcome of health resource use in aim 5, 
a cost-effectiveness analysis and a cost-consequence anal-
ysis (CCA) to compare the cohort that had early diagnosis 
and early intervention (studies 1–4: Protect-me, GAME, 
REACH and Early PACT)13 42–44 versus later diagnosis of 
CP and later commencement of interventions (study 5: 
CP Child).45 47 136 For the cost-effectiveness, we will calcu-
late the costs per additional child meeting the school 
readiness outcome. The base case will be performed at 
4–6+3 years and a limited societal perspective will be taken, 
with carer costs included. Patterns of HRU and costs will 
be described for children aged 4–6+3 years. The CCA 
presents options in the form of a table of disaggregated 
costs and a range of outcomes, allowing decision makers 
to form their own opinion on the relative importance 
of the outcomes presented.137 CCAs are recommended 
for complex interventions with multiple effects and will 
enable the incorporation of wider benefits to the child 
and family into the economic evaluation.138 The benefits 
include broader health and non-health effects.

For all analysis, missing data will be treated case-by-
case depending on patterns of data missingness, that is, 
multiple imputation methods if ‘missing at random’ and 
pattern-mixture models if ‘not missing at random’. Adjust-
ment for multiple comparisons will be made, bearing in 
mind type I and II error rates.

Participant safety and withdrawal
Risk management and safety
Participant risks
While the accelerometers (ActiGraph GT3X+, Axivity 
AX3) pose no health and safety risks themselves, discom-
fort could be caused by tight application or contact 
allergic reactions to cleaning fluid or the adhesive used 
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in the hypoallergenic patches used to fix the thigh accel-
erometer. This will be monitored closely with verbal 
prompting, and visual checking of devices and skin 
contact twice a day by parents/carers.

Study risks
The main risks to this follow-up study are recruitment 
shortfalls and participant attrition. High recruitment is 
anticipated as all families will receive a comprehensive 
report about their child’s school readiness. Should further 
lockdowns occur due to COVID-19, these are likely to be 
isolated to specific areas/states, therefore having four 
sites enables recruitment to continue in other sites should 
one be restricted due to COVID-19. Assessments may be 
rescheduled if the child is under 6 years 3 months of age 
at the time of assessment. All staff involved in delivering 
the assessments will be trained and supervised by senior 
experienced personnel. Regular monitoring will occur, 
and any discomfort reported by the child or their care-
giver will be immediately responded to by staff members.

Adverse events reporting
Any adverse events associated with assessments will be 
screened using open-ended questions. Adverse events will 
be documented and reported to the site Chief Investiga-
tors by the assessor. Major adverse events will be reported 
to HREC within 24 hours. Major adverse events include 
(i) injuries that require medical treatment (such as 
severe strains or broken bones), (ii) referral for assess-
ment and intervention in context of significant anxious 
or depressive symptoms. After reporting to the site Chief 
Investigator, local site processes will be followed as neces-
sary. Minor adverse events include (i) near miss acci-
dents (such as falling during overground walking), (ii) 
sore muscles, bruises, other minor injuries not requiring 
medical treatment, (iii) feeling upset, guiltyor sad.

Handling withdrawals
Participants can withdraw at any time. Participants who 
choose to withdraw from the study will not be penalised 
in any way. Participants are informed of their right to 
withdraw at any time without consequences at the time 
of reading participant information forms and signing of 
consent forms. Data will be analysed on an intention-to-
treat basis based on their group allocation in studies 1–4.

Ethics and dissemination
Informed consent process
Informed consent will be sought from the parent or legal 
guardian of every child invited to participate. A copy of 
a consent form can be found in online supplemental 
appendix 2. Potential participants will be provided 
with a copy of the participant information statement 
after agreeing to enrol in the study via phone or email 
contact. Potential participants will have at least 24 hours 
and typically >1 week to read information about the 
study and decide whether they would like to participate. 
Families will be invited to ask questions and discuss any 
aspect of the study with the site contact, Chief Principal 

Investigator and/or Study Coordinator should they 
require more information to decide. Prior to booking an 
appointment or collecting pre-appointment data, verbal 
or written informed consent will be required. A copy of 
the consent form will be signed again at the first face-to-
face meeting and countersigned by the assessing/treating 
assessor and a witness. Families will be given the option to 
only complete online questionnaires if they do not wish 
to attend a face-to-face appointment.

Results of the study will be disseminated via (i) confer-
ence abstracts and presentations, (ii) peer-reviewed arti-
cles in scientific journals, (iii) participant, organisation 
and institution newsletters and (iv) media releases. At 
the conclusion of the study after the primary analyses, a 
summary flyer of the main outcomes of the study will be 
emailed and/or mailed to participants.

Data access and confidentiality
In accordance with the National Health and Medical 
Research Council/Medical Research Future Fund 
(NHMRC/MRFF) statement on data sharing: ‘NHMRC/
MRFF encourages data sharing and providing access to data and 
other research outputs (metadata, analysis code, study protocols, 
study materials and other collected data) arising from NHMRC 
supported research’, data will be made available to other 
researchers or funding bodies including the NHMRC as 
necessary for the purposes of meta-analysis/systematic 
review and/or confirmation of statistical results. These 
data will be made available at group-level. If individual-
level data are required, a limited, codified dataset will be 
made available to reduce or eliminate the possibility of 
re-identification of the data. A description of the dataset 
(metadata) will be published so that it can be discovered 
and/or cited. Data will be shared directly with individuals 
or institutions that approach the custodians. Future use 
and sharing of data are addressed on the Parent Infor-
mation Sheet. Identifiable data will not be available for 
future use unless by separate ethics application.

Ethics approval
This project has received ethical approval from the 
following committees: Children’s Health Queensland 
Hospital and Health Service Human Research Ethics 
Committee (HREC/21/QCHQ/77124); The Univer-
sity of Queensland Human Research Ethics Committee 
(2021/HE002003), The University of Sydney Human 
Research Ethics Committee (2021/835); The Cerebral 
Palsy Alliance (2022_01_01); Commonwealth Scien-
tific and Industrial Research Organisation Health and 
Medical Human Research Ethics Committee (CSIRO, 
2021_081_RR). Site-specific approval has been granted 
for Perth Children’s Hospital and Monash University. 
Any modifications to the protocol which may impact on 
the conduct of the study, potential benefit of the partici-
pant or may affect participant safety will require a formal 
amendment to the protocol. Such amendments will be 
agreed on by the chief investigators and approved by the 
relevant ethics committees prior to implementation.

https://dx.doi.org/10.1136/bmjopen-2022-068675
https://dx.doi.org/10.1136/bmjopen-2022-068675
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Dissemination
Results will be disseminated in peer-reviewed journals, 
scientific conferences and professional organisations, and 
to people with lived experience of CP and their families.

Study status
Assessments commenced in February 2021 and will 
continue until July 2025.
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