Cerebral palsy in Australia: birth prevalence,
1995-2016, and differences by residential remoteness:
a population-based register study
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The known: Cerebral palsy is a lifelong motor disorder caused by
maldevelopment of or an insult to the developing brain.

The new: During 1995-2016, the birth prevalence of cerebral palsy
declined in Australia from 2.1to 1.5 cases per 1000 live births, with
declines evident in all gestational age groups except 32-36 weeks.
The proportion of children who used wheelchairs for mobility was
larger in remote areas than in major cities or regional areas (31% v
26%).

The implications: The declining birth prevalence of cerebral palsy
reflects the effects of advances in maternal and perinatal care and
other public health interventions. Equity of access to disability
services across Australia should be a priority.

)

Cerebral palsy is alifelong disorder of movement and posture

that results from maldevelopment of or an insult to the

developing brain." In Australia, 60% of 5-year-old children
with cerebral palsy are able to walk and 75% will have at least
one associated impairment (eg, epilepsy; intellectual, speech,
hearing, or vision impairment).” While many risk factors for
cerebral palsy are known (pre-term birth, congenital infection,
multiple birth, congenital anomalies, perinatal hypoxic—
ischaemic brain injury, genetic and chromosomal syndromes),
the aetiological pathways to brain injury and subsequent motor
disorder for an individual child are often poorly understood.’
The reported birth prevalence of cerebral palsy differs between
world regions, reflecting differences in socio-demographic
characteristics, public health practices, and access to high quality
antenatal, intrapartum, and neonatal care.””

Cerebral palsy registers that regularly report the birth cohort
prevalence and severity of disability at the population level are
vital for assessing the cumulative impact of health initiatives
and medical interventions.’ Recent register studies have found
that the prevalence of cerebral palsy is declining.”” A recent
international collaborative study that examined register data
to birth year 2014 reported declines in eleven of fourteen
participating high income countries (including Australia) and
an estimated combined prevalence for the most recent birth
cohort of 1.6 per 1000 live births."” As more recent Australian
Cerebral Palsy Register (ACPR) data are now available, it is
important to investigate whether this decline in prevalence has
continued in Australia.

As the ACPR dataset includes the residential location of people
with cerebral palsy, it can also provide insights into health
and disability service accessibility needs. This is particularly
important in Australia, where a relatively small population is
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Abstract

Objective: To examine recent changes in the birth prevalence of
cerebral palsy in Australia; to examine the functional mobility of
children with cerebral palsy by residential remoteness.

Study design: Population-based register study; analysis of
Australian Cerebral Palsy Register (ACPR) data.

Setting, participants: Children with cerebral palsy born in
Australia, 1995-2016, and included in the ACPR at the time of the
most recent state/territory data provision (31)uly 2022).

Main outcome measures: Change in birth prevalence of cerebral
palsy, of cerebral palsy acquired pre- or perinatally (in utero to day
28 after birth), both overall and by gestational age group (less than
28,28-31, 32-36, 37 or more weeks), and of cerebral palsy acquired
post-neonatally (day 29 to two years of age); gross motor function
classification by residential remoteness.

Results: Data for 10 855 children with cerebral palsy born during
1995-2016 were available, 6258 of whom were boys (57.7%).

The birth prevalence of cerebral palsy in the three states with
complete case ascertainment (South Australia, Victoria, Western
Australia) declined from 2.1 (95% confidence interval [Cl], 1.9-2.4)
cases per 1000 live births in 1995-1996 to 1.5 (95% Cl, 1.3-1.7) cases
per 1000 live births in 2015-2016. The birth prevalence of pre- or
perinatally acquired cerebral palsy declined from 2.0 (95% Cl, 1.7-
2.3) to 1.4 (95% Cl, 1.2-1.6) cases per 1000 live births; statistically
significant declines were noted for all gestational ages except
32-36 weeks. The decline in birth prevalence of post-neonatally
acquired cerebral palsy, from 0.15 (95% Cl, 0.11-0.21) to 0.08 (95%
Cl, 0.05-0.12) cases per 1000 live births, was not statistically
significant. Overall, 3.4% of children with cerebral palsy (307
children) lived in remote or very remote areas, a larger proportion
than for all Australians (2.0%); the proportion of children in these
areas who required wheelchairs for mobility was larger (31.3%)
than that of children with cerebral palsy in major cities or regional
areas (each 26.1%).

Conclusions: The birth prevalence of cerebral palsy declined
markedly in Australia during 1995-2016, reflecting the effects of
advances in maternal and perinatal care. Our findings highlight

the need to provide equitable, culturally safe access to antenatal
services for women, and to health and disability services for people
with cerebral palsy, across Australia.

spread across a vast area. Health outcomes are generally poorer
for Australians who do not live in urban centres, but it is not
known whether this applies to the severity of functional motor
limitations in children with cerebral palsy.” Knowing more
about the profile of children with cerebral palsy in Australia
can assist with health, disability, and education service
planning.
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We therefore examined recent changes in the birth prevalence
of cerebral palsy in Australia, overall, by time of brain injury
(pre- or perinatal, post-neonatal), and by gestational age group
for children with cerebral palsy acquired pre- or perinatally. We
also examined the level of gross motor function of children with
cerebral palsy by their residential remoteness.

Methods

For our population-based observational study, we analysed
data for children registered with the ACPR. Established in
2008, the ACPR is a data repository for cerebral palsy research,
a collaboration between the researchers and custodian
organisations of cerebral palsy registers in each Australian state
and territory (the ACPR Group), that aims to provide a total
population register. Contributing registers collect data for all
children with cerebral palsy born in their state or territory and
apply definitions of cerebral palsy that include five key elements
listed by Surveillance of Cerebral Palsy in Europe (SCPE):

e itis an umbrella term for a group of disorders;
¢ itis a condition that is permanent but not unchanging;

¢ it involves a disorder of movement or posture and of motor
function;

e it is caused by a non-progressive interference, lesion, or
abnormality; and

e the interference, lesion, or abnormality is in the immature
12
brain.

To maximise data accuracy and completeness, contributing
registers ascertain data from a range of sources, including
hospital records, disability service providers, clinician and
family referrals, and linkage with other registers. All children
areincluded in the registers after their initial diagnosis; however,
to reduce the risk of misdiagnosis (eg, later identification of
degenerative conditions, or the resolution of neurological signs
that indicated cerebral palsy), the cerebral palsy description for
each child is verified and their clinical information updated
at five years of age. This means that cerebral palsy prevalence
estimates for a birth year are not reported until at least five years
later. Data for children who die before their fifth birthday are
included if their cerebral palsy description has been confirmed.
We report our study in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology statement."

Study cohort

The study cohort included all children with cerebral palsy born
in Australia during 1 January 1995 — 31 December 2016 and
included in the ACPR at the time of the most recent state/territory
data provision (31 July 2022). Birth prevalence analyses included
data for all children with cerebral palsy born in states with
long standing state registers (South Australia, Victoria, Western
Australia), where data custodians were confident that cases of
cerebral palsy were consistently and as completely ascertained
as possible for all included birth years. This confidence was
established by the finding that no or very few further cases
could be identified for the included birth years. The registers in
these three states (including 42% of the Australian population“)
are defined as having complete population ascertainment.
Data from all state and territory registers were included in the
descriptive analyses of the residential geographic remoteness of
people with cerebral palsy.

Study variables and data sources

We extracted information for each child from the ACPR dataset:
mother’s age at the time of birth (younger than 20, 20-29, 30-39,
40 years or older), sex (male, female), gestational age (less than
28, 28-31, 32-36, 37 or more completed weeks), birthweight
(under 1000g, 1000-1499g, 1500-1999g, 2000-2499¢g, 2500g or
more), and plurality (singleton, multiple births). Children with
cerebral palsy for whom a post-neonatal cause of brain injury
was known (eg, bacterial or viral infections, accidental and non-
accidental traumatic head injuries, cerebrovascular accidents
after 28 days and before two years of age) were classified as
having post-neonatally acquired cerebral palsy. In the absence
of an identified post-neonatal cause, children were classified
as having pre- or perinatally acquired cerebral palsy (injury
or maldevelopment in ufero, during birth, or during the first
28 days of life). Gross Motor Function Classification System
(GMFCS) categories were dichotomised as levels I-III or IV and
V. Children in GMFCSlevels I or IT can walk independently, those
in GMEFCS level III use handheld mobility devices and may use
wheeled mobility equipment for longer distances, and children
in GMECS levels IV or V use wheeled mobility equipment in
some or all situations.® The residential remoteness of children
was classified according to the Australian Statistical Geography
Standard remoteness structure (major city, inner regional, outer
regional, remote, very remote),’® based on their residential
postcode at the time of birth or, if this was unavailable, at age
five years. Aggregate data are reported for eleven two-year birth
year epochs. National Perinatal Data Collection live births data'”
(1995-2016) were provided by the Australian Institute of Health
and Welfare.

Statistical analyses

The combined birth prevalence was calculated for complete
case ascertainment states (South Australia, Victoria, Western
Australia) for the birth years 1995-2016. Data for the most
recent birth epoch (2015-2016) are reported as provisional
prevalence estimates, as case ascertainment is typically
changed slightly by subsequent data provision; that is, a very
small number of cases are added or removed. The numerator
was the number of eligible children with cerebral palsy born in
these states by two-year epoch and included in their registers;
the denominator was the number of live births in these states.'”
Birth prevalence is reported as the number of cases per 1000 live
births, with 95% confidence intervals (CIs). Temporal changes
in the birth prevalence of cerebral palsy, overall and by time of
brain injury, were assessed in quasi-Poisson regression models
adjusted for overdispersion, with the number of cases as the
outcome variable, and including an offset term to account for
differences between registers in the denominators. Similar
Poisson regression models with offset terms were used to
assess differences in the proportions of children with cerebral
palsy by gestational age group over time (no evidence for
overdispersion detected).

We summarise the residential remoteness of children with
cerebral palsy as descriptive statistics and compared their
distribution with Australian total population reference data.!
Statistical analyses were undertaken in R 4.3.1 (R Foundation for
Statistical Computing).

Ethics approval

Each state and territory cerebral palsy register has ethics
approval to supply non-identified data to the ACPR database



every two years.2 Ethics oversight for the ACPR is provided by
the University of Sydney Human Research Ethics Committee
(2020/463) and the Aboriginal Health and Medical Research
Council of New South Wales Human Research Ethics Committee
(1388/18).

Results

Data for 10855 children with cerebral palsy born during 1995-
2016 were included in the ACPR, 6258 of whom were boys
(57.7%); 5649 children with cerebral palsy were born at 37 weeks’
gestation or later (58.1%), and 8691 were singletons (88.5%)
(Box 1).

Prevalence of cerebral palsy, overall and by time of brain
injury

Of 10855 children with cerebral palsy, 5014 (46.2%) were born in
states with registers with complete case ascertainment for the
period 1995-2016 (Box 1). In these three states, the prevalence
declined by 37.5%, from a peak of 2.4 (95% CI, 2.1-2.7) cases per
1000 live births in 1997-1998 to 1.5 (95% CI, 1.3-1.7) cases per 1000
live births in 2015-2016 (Box 2).

Of the 5014 children with cerebral palsy born in the three states
with complete case ascertainment, the disorder was acquired
pre- or perinatally in 4728 cases (94.3%) and post-neonatally in
286 cases (5.7%). The prevalence of pre- or perinatally acquired
cerebral palsy declined significantly between 1995-1996 and
2015-2016, from 2.0 (95% CI, 1.7-2.3) to 1.4 (95% CI, 1.2-1.6) cases
per 1000 live births (P = 0.015). The prevalence of post-neonatally
acquired cerebral palsy also declined across this period, from
0.15 (95% CI, 0.11-0.21) to 0.08 (95% CI, 0.05-0.12) cases per 1000
live births, but the difference was not statistically significant
(P = 0.08) (Box 2).

Prevalence of pre- or perinatally acquired cerebral palsy, by
gestational age group

In states with complete case ascertainment, 551 of 4675 children
(11.8%) with pre- or perinatally acquired cerebral palsy (and
known gestational age) were born extremely pre-term (before
28 weeks’ gestation). The birth prevalence of pre- or perinatally
acquired cerebral palsy declined significantly between 1995-
1996 and 2015-2016, from 63.5 (95% CI, 49.5-81.2) to 36.9 (95% CI,
27.3-49.6) cases per 1000 live births (P = 0.019), despite rising in
2013-2014 and 2015-2016 (Box 3).

A total of 643 children (13.8%) with pre- or perinatally acquired
cerebral palsy were born very pre-term (28-31 weeks’ gestation).
In this group, the birth prevalence declined significantly
between 1995-1996 and 2015-2016, from 39.3 (95% CI, 30.6-50.5)
to 19.6 (95% ClI, 14.3-26.9) cases per 1000 live births (P = 0.004)
(Box 3).

A total of 768 children (16.4%) with pre- or perinatally acquired
cerebral palsy were born moderately to late pre-term (32-36
weeks’ gestation). In this group, the birth prevalence declined
between 1995-1996 and 2015-2016, from 4.7 (95% CI, 3.3-6.0) to
3.5 (95% CI, 2.7-4.4) cases per 1000 live births, but the decline was
not statistically significant (P = 0.11). The greatest decline was
for the most recent reporting period, for which only provisional
data are available (Box 3).

A total of 2713 children (58.0%) with pre- operinatally acquired
cerebral palsy were born at term (37 weeks’ gestation or later). In
this group, the birth prevalence declined significantly between

1 Demographic and clinical characteristics of children with
cerebral palsy, Australia, birth years 1995-2016*

Children with cerebral palsy

All states and

States with complete

Unknown

Singleton births
Multiple births

8691 (88.5%)
1129 (11.5%)
1035 [9.5%]

Characteristic territories case ascertainment’
Children with cerebral 10 855 5014
palsy
Geographic remoteness®
Major city 6467 (70.4%) 3737 (75.2%)
Inner/outer regional 2408 (26.2%) 1042 (21.0%)
Remote/very remote 307 (3.4%) 190 (3.8%)
Unknown 1673 [15.4%] 4510.9%)]
Mother’s age at birth
(years)
Younger than 20 454 (5.4%) 264 (5.6%)
20-29 3579 (42.2%) 1996 (42.1%)
30-39 4092 (48.3%) 2296 (48.5%)
40 or older 351 (4.1%) 182 (3.8%)
Unknown 2379 [21.9%] 276 [5.5%]
Sex
Female 4597 (42.3%) 2136 (42.6%)
Male 6258 (57.7%) 2878 (57.4%)
Gestational age at
delivery (weeks)
20-27 1101 (11.3%) 554 (11.2%)
28-31 1332 (13.7%) 648 (13.1%)
32-36 1639 (16.9%) 805 (16.3%)
37 or more 5649 (58.1%) 2943 (59.5%)
Unknown 1134 [10.4%] 64 [1.3%]
Birthweight (g)
Under 1000 993 (11.0%) 529 (111%)
1000-1499 991 (11.0%) 486 (10.2%)
1500-1999 879 (9.7%) 463 (9.7%)
2000-2499 906 (10.0%) 457 (9.6%)
2500 or more 5277 (58.3%) 2840 (59.5%)
Unknown 1809 [16.7%)] 239 [4.8%]
Plurality

4471 (89.7%)
514 (10.3%)
29 [0.6%]

structure® @

* Reported category proportions exclude “unknown” responses. T South Australia,
Victoria, Western Australia. ¥ Australian Statistical Geography Standard remoteness

1995-1996 and 2015-2016, from 1.2 (95% CI, 1.1-1.4) to 1.0 (95% CI,
0.9-1.1) cases per 1000 live births (P = 0.006); a small increase in
the most recent reporting period was noted (Box 3).

Residential remoteness of children with cerebral palsy

During 1995-2016 (all states and territories), 6467 of 9182 children |
with known residential postcode-based remoteness category '
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* The data for these graphs are included in the Supporting Information, table 1. The data for 2015-2016 are provisional.

lived in major cities (70.4%), 2408 in inner or outer regional areas
(26.2%), and 307 in remote or very remote areas (3.4%) (Box 1,
Box 4). The corresponding proportions for all Australians in 2022
were 72.0% living in major cities, 26.1% in inner or outer regional
areas, and 2.0% in remote or very remote areas.'' The proportions
of pre-term births were similar for children with cerebral palsy

in major cities (2635, 41.8%), inner and outer regional areas
(951, 41.1%), and remote or very remote areas (121, 40.5%). The
proportion of children with cerebral palsy living in remote or
very remote areas who required wheelchairs (GMFCS levels IV
or V; 89 of 284, 31.3%) was larger than for those living in major
cities (1608 of 6160, 26.1%) or in regional areas (586 of 2244, 26.1%).



3 Prevalence of pre- or perinatally cerebral palsy, Australia, birth years 1995-2016, by gestational age group: number of cases per
1000 live births, with 95% confidence intervals*
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Discussion

Our analysis indicates that, after a peak in 1997-1998, the birth
prevalence of cerebral palsy in Australia declined substantially
during 1995-2016. The prevalence of pre- or perinatally
acquired cerebral palsy declined significantly for children in
all gestational age groups, except those born moderately to late

4 Children in Australia with cerebral palsy, birth years 1995-
2016, by geographic location and postcode-based residential
remoteness category*
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Remoteness category
Major city

Inner regional

Remote

]
5]
[ Outerregional
=]
]

Very remote

Fewer than 5 children

50 children

Tasmania
°

* Australian Statistical Geography Standard remoteness structure.® @

pre-term (32-36 weeks’ gestation). Our findings are encouraging
and probably reflect the effects of refinements to maternal and
neonatal care, such as neonatal emergency transfer services,
administration of magnesium sulphate or corticosteroids to
mothers when pre-term birth is anticipated, and therapeutic
hypothermia for term neonates with hypoxic-ischaemic
encephalopathy.* The cumulative impact of these and other
clinical and public health interventions is that an increasing
number of babies at risk of cerebral palsy now survive without
disability.

In contrast to findings in Europe,' the decline in birth

prevalence of cerebral palsy among babies born moderately
to late pre-term was not statistically significant. These babies
are not eligible for neuroprotective therapeutic hypothermia
nor their mothers for magnesium sulphate treatment, although
in the future the latter may be provided up to 34 weeks’
gestation.””" In addition, only 19% of all moderately to late
pre-term babies are admitted to neonatal intensive care and
receive the quality improvement and follow-up programs that
accompany admission to these specialist services.”” Growth
restriction (particularly when brain anomalies are present),
antepartum haemorrhage, and fetal distress and inflammation
are important risk factors for cerebral palsy for babies in this
gestational age group.” Further investigation of the pathways
to cerebral palsy in moderately to late pre-term babies is needed
to develop new interventions that support their development
(eg, melatonin therapy to reduce inflammation associated with
growth restriction) and follow-up programs that improve their
outcomes.”*

We also investigated the prevalence of post-neonatally acquired
cerebral palsy, the result of brain injury (eg, infection, traumatic
head injury, cerebrovascular accident) sustained after 28 days
but before two years of age. Its prevalence was somewhat
volatile, but generally declined across the study period. The
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reasons for the decline are unclear, but probably include
public health interventions (eg, vaccinations) and improved
surgical techniques and peri-surgical care, which are the focus
of a new ACPR study. Another important risk factor for post-
neonatal cerebral palsy is living in regional or remote areas.”’
In collaboration with both Aboriginal and non-Indigenous
researchers in regional and remote areas, the ACPR Group has
increasingly focused on residential remoteness as a risk factor
for cerebral palsy that also influences the severity of disability
associated with the motor disorder.”

Almost one-third of Australians do not live in major cities.
They generally have poorer health outcomes, are more likely to
experience socio-economic disadvantage, and have less access
to health services than people in major cities."" We found that
the proportion of children with cerebral palsy who lived in
remote or very remote areas (3.4%) was larger than the overall
population proportion living in these areas (2.0%). Further,
the proportion of children with cerebral palsy who required
wheelchairs for mobility was larger for those living in remote
or very remote areas than for children living in major cities
or regional areas. Possible explanations include exposure to
cerebral palsy risk factors associated with remoteness; for
example, a larger proportion of women living in rural and
remote areas are teenage mothers, and the likelihood of pre-term
birth and low birthweight babies is higher.”” Further, women
living outside of urban areas have less access to health services
for managing chronic diseases that can affect maternal health
during pregnancy, including hypertension and diabetes.”” The
difference in severity of disability may in part reflect greater
rates of socio-demographic disadvantage or more limited access
to antenatal and early intervention services in remote areas.”
These findings highlight the need to further investigate the role
of remoteness and to strive for equitable and culturally safe
access across Australia to antenatal services for women, and to
health and disability services for people with cerebral palsy. The
ACPR Group is currently planning an analysis of cerebral palsy
birth prevalence, aetiology, and severity of disability by level of
residential remoteness.

Limitations

For our birth prevalence analyses, we included data from only
three states (including 42% of the Australian population).
Population-level cerebral palsy data from birth year 2001
onwards will soon be available from the Australian Capital
Territory and New South Wales Cerebral Palsy Register,
increasing the population proportion covered by future analyses
to 76%. The Australian Institute of Health and Welfare can

provide National Perinatal Data Collection remoteness data,
but they were not available to the ACPR Group at the time of
writing; we therefore report a descriptive analysis of residential
remoteness of children with cerebral palsy in Australia. This
initial exploration provides a baseline upon which to build
further research, including investigation of cerebral palsy birth
prevalence by residential remoteness.

Conclusion

The birth prevalence of cerebral palsy in Australia has declined
by almost 40% over the two decades to 2015-2016, reflecting the
effects of advances in maternal and perinatal care and other
public health interventions. About 30% of children with cerebral
palsy did not live in major cities, and the proportion who lived
in remote or very remote areas was larger than the population
proportion of all Australians in these areas. The ACPR Group
will continue to report cerebral palsy population trends as part
of our collaboration with clinicians, researchers, and public
health officials working to improve outcomes for children across
Australia. The causal mechanisms of cerebral palsy should
be further investigated, as should risk factors for children
born moderately to late pre-term, the influence of residential
remoteness on cerebral palsy severity, and access to disability
services for people with cerebral palsy.
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