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Cerebral palsy (CP) is a non- progressive, multifaceted condi-
tion that affects posture, limits movement, and sometimes 
coexists with other conditions such as epilepsy, intellectual 
disability, and sensory impairments. Worldwide, CP has 
been estimated to occur in 1.6 cases per 1000 live births in 
high- income countries,1 but evidence suggests the rate is 
declining.1– 6 In Australia, the estimated birth cohort preva-
lence of CP for the birth years 2010 to 2012 was 1.4 cases per 
1000 live births and in the Australian state of Victoria it was 
1.2 per 1000 live births.2

Reported survival rates in CP are historically variable be-
cause of disparities between study samples that include dif-
ferent age groups and severity profiles. On the other hand, 

studies comparing survival rates in population cohorts in 
high- income countries, and when severity was taken into 
account, showed that rates were similar between geographic 
regions.7– 9 Because of the considerable variations in clini-
cal presentations of CP, information on length of survival 
based on combinations of clinical characteristics is infor-
mative for people with CP and their families, clinicians, 
epidemiologists, and legal counsel in the event of litigation 
procedures. Moreover, life expectancy in CP is an important 
public health measure, informing service planning and pub-
lic health policy.

As custodians of the Victorian CP Register, we have access 
to longitudinal, population- based data dating back to 1970. 
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Aim: To provide an updated description of the rates, trends, and predictors of mor-
tality of individuals with cerebral palsy (CP), born in the Australian state of Victoria 
between 1970 and 2012.
Method: Data were extracted for 4807 individuals (2091 females; 2716 males). The 
probability of survival to 30th June 2017 was calculated using the Kaplan– Meier 
method. Mortality rates were calculated per 1000 person- years using age strata and 
compared with population mortality rates to produce mortality ratios. Cox pro-
portional hazards regression was used to calculate hazard ratios for selected de-
mographic and clinical characteristics and to estimate the effect of birth epoch on 
15- year survival.
Results: There were 666 recorded deaths. Compared to the general population, mor-
tality was higher for all persons with CP and highest for children aged 1 to 15 years 
(45– 62 times). We observed 35% improvement in the probability of survival to 
15 years for births in the 2000s relative to the 1970s (hazard ratio 0.65, 95% con-
fidence interval [CI] 0.49, 0.86), but only 4% improvement for the subgroup with 
complex CP (hazard ratio 0.96, 95% CI 0.69, 1.33).
Interpretation: The observed improvements in survival for those born in the 2000s 
is likely related predominantly to a proportional reduction in complex CP within the 
cohort.
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In 2012, when we reported the survival of individuals with 
CP born in Victoria between 1970 and 2004, we observed no 
improvement in survival by birth decade.10 These negative 
findings were unexpected given there had been advances in 
obstetric care and innovations in neonatal and paediatric 
treatment regimens that might have been expected to im-
prove mortality. Lack of strong evidence in favour of im-
proved survival was also reported from other groups with 
population registries, including another Australian study,11 
three studies from the UK,12– 14 and studies from Denmark15 
and Sweden.16 In contrast, a Californian group showed mod-
est improvement in survival over time among children who 
were aged 4 years and unable to lift their heads in prone, no 
improvement in survival for those aged over 15 years not fed 
via gastrostomy, and a possible weak trend for those with 
milder disability;17 these findings have been supported by 
more recent research by the same group.18

CP is a lifelong condition, with little imminent possibility of 
cure. New or improved management practices are more likely 
to delay rather than prevent early death for those most severely 
affected. This effect has been demonstrated in two recent 
studies whereby early improvements in survival subsequently 
reverted to historical levels.10,19 In contrast to the concept of 
delayed mortality due to improved management of complex 
CP, changes in the population distribution of CP phenotypes 
are likely to impact survival rates at all ages by changing the 
proportion most at risk. This has current relevance to sur-
vival trends because several research groups, including our 
own, have reported a reduction not only in birth prevalence 
of CP,2– 6,20 but also in motor severity and complex develop-
mental disability profiles.3,4,6,20 Our Victorian data showed 
that decreasing CP rates in the 2000s were associated with rel-
atively greater decreases in the rates of Gross Motor Function 
Classification System (GMFCS) levels III to V, bilateral CP, 
epilepsy, and intellectual impairment.4 Many factors have con-
tributed to these temporal changes in clinical profiles of CP, 
including stabilization of neonatal death rates and improved 
neuroprotection in survivors of preterm birth and perinatal 
complications.

Considerable time has elapsed since we last reported 
survival for people with CP in Victoria, and it was deemed 
important to reassess whether survival has subsequently im-
proved. The aim of the present study, therefore, was to (1) 
provide an updated description of the rates, trends, and pre-
dictors of mortality in individuals with CP who were born in 
the Australian state of Victoria between 1970 and 2012; and 
(2) examine if any recent improvements in survival in our 
most recent birth cohorts were related to changes in severity 
profiles of the population with CP.

M ETHOD

Research setting and ethics

This population- based, observational study was performed 
at the Murdoch Children's Research Institute, Melbourne, 

Australia. Ongoing ethics approvals and monitoring of 
the activities of the Victorian CP Register is conducted by 
The Royal Children's Hospital Human Research Ethics 
Committee. For the data linkage, approval was obtained 
from the Australian Institute of Health and Welfare Ethics 
Committee.

Study population

This study assessed survival in individuals with CP who 
were born in Victoria between 1st January 1970 and 31st 
December 2012. The study population comprised par-
ticipants in the Victorian CP Register, a long- standing, 
population- based research project that holds data on per-
sons with CP born in Victoria, Australia since 1st January 
1970. Data for the Victorian CP Register project are mainly 
obtained by searching medical records at Victoria's two ter-
tiary paediatric hospitals. Confirmation of the CP diagnosis 
is made for each case at approximately 5 years of age based on 
accepted definitions and eligibility criteria.21,22 Records are 
only removed if a case no longer meets the eligibility criteria.

Data collection, definitions, and 
data management

For this study, data extracted from the Register databank 
comprised date of birth, death status, date of death, sex, 
birth gestation, motor topography (unilateral [hemiplegia/
monoplegia], bilateral [diplegia/triplegia/quadriplegia]), 
motor severity (mild, moderate, severe), and presence of 
epilepsy, blindness, bilateral deafness, lack of speech, and in-
tellectual disability. Motor topography was classified accord-
ing to the number of involved limbs and motor severity on 
grouped levels of the GMFCS.23 Individuals who walked in-
dependently at the age of 5 years (GMFCS levels I and II) were 
categorized as having mild motor impairment. Individuals 
walking using a hand- held mobility device in most indoor 
environments were categorized as having moderate motor 
impairment (GMFCS level III), whereas those who were non- 
ambulant or only able to walk short distances with assistance 
or with the use of a body- support walker (GMFCS levels IV 
and V) were categorized as having severe motor impairment. 
An epilepsy diagnosis was determined on the background of 

What this paper adds

• Length of survival improved for Australians with 
cerebral palsy (CP) born this millennium.

• Improved survival was mainly because of a pro-
portional reduction in complex CP.

• A small improvement in length of survival was 
seen for children with complex CP.
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a history of at least two confirmed unprovoked seizures out-
side the neonatal period. The presence of blindness, deaf-
ness, lack of speech, and intellectual disability were, in the 
first instance, determined by formal testing and, if unavail-
able, by clinical interpretation.

Deaths were obtained via linkage with the Australian 
National Death Index, the Australian Institute of Health 
and Welfare's register of all deaths in Australia since 1980, 
and searches of the Victorian Death Index for deaths before 
1980. Population age- specific mortality rates were derived 
from the Australian Bureau of Statistics.24

Statistical analysis

Lifetimes were calculated as the number of days from birth 
until death, or until the censor date of 30th June 2017, 
whichever came first. Survival data were summarized, and a 
Kaplan– Meier survival curve was constructed.

Frequency distributions of clinical characteristics of the 
population with CP were calculated. To estimate the mortal-
ity risk associated with each clinical characteristic, we used 
univariate Cox proportional hazards regression modelling 
to produce hazard ratios associated with each characteristic, 
together with the corresponding 95% confidence intervals 
(CI). Hazard ratios were estimated relative to the subgroup 
with the lowest mortality. We also performed multivariable 
Cox proportional hazards regression adjusting for (1) motor 
severity and (2) all selected clinical characteristics. Models 
were fitted under the assumption of proportional hazards. 
We assessed whether the assumption of proportional haz-
ards was met for each model graphically and by performing 
a test based on Shoenfeld residuals. We considered violations 
in this assumption when interpreting our results.

After stratification by age, we calculated unadjusted mor-
tality rates per 1000 person- years. The first age stratum was 
under 1 year, the second 1 year to 4 years; subsequent strata 
consisted of 5- year intervals, with a final age stratum of 
45 years to 47 years. Person- years were computed for each 
age stratum by summing the total number of years that in-
dividuals were at risk of death. Mortality rates for CP were 
compared to population mortality rates to produce rate ra-
tios. Comparison of survival to 10 years, 20 years, 30 years, 
and 40 years across four birth epochs was performed based 
on a combination of motor severity and number of addi-
tional impairments or conditions.

To assess temporal trends in survival, we subdivided the 
CP cohort into four epochs based on year of birth (1970– 
1979, 1980– 1989, 1990– 1999, 2000– 2012) and used Cox pro-
portional hazards regression to estimate the effect of birth 
epoch on 15- year survival. To evaluate whether any observed 
temporal change in mortality risk might be explained by 
changes over time in the population proportion of complex 
CP, we adjusted our regression model for complex CP and 
also stratified on complex CP. Categorization as medically 
complex CP was based on the presence of severe motor im-
pairment and at least two additional impairments. To show 

temporal trends visually, we compared Kaplan– Meier curves 
across two birth epochs (1970– 1999 and 2000– 2012) for all 
CP and for CP stratified on complex developmental disabil-
ity. All statistical analysis was conducted using Stata 16.0 
(StatCorp 2019, College Station, TX, USA).

R E SU LTS

The study cohort comprised 4807 individuals with CP, 
2716 males (56.5%) and 2091 females (43.5%). Time in the 
study was a median of 21 years 4 months and a total of 108 
156 person- years. There were 666 (13.9%) recorded deaths 
during the study period; 36 deaths occurred within the first 
year of life. The Kaplan– Meier survival curve for the popula-
tion with CP is shown in Figure 1. Characteristics of the CP 
population related to clinical presentation of CP are sum-
marized in Table 1.

Age- specific mortality is reported in Table 2. Unadjusted 
mortality rates were similar across age strata until age 
40 years. When compared to the general population, mor-
tality was higher for individuals with CP at every age. For 
those aged between 1 and 15 years, the mortality rate was 45 
to 62 times the mortality rate in the general population, but 
was reduced to approximately 11 times the expected rate for 
deaths at 45 years to 47 years.

The probabilities of survival to 5, 15, 30, and 40 years for 
persons with CP were 96.7% (95% CI 96.14, 97.16), 91.8% 
(95% CI 90.89, 92.53), 83.3% (95% CI 81.94, 84.61), and 77.8% 
(95% CI 75.91, 79.61) respectively (Figure 1). Hazard ratios 
by motor topography, motor severity, and by the presence of 
epilepsy, lack of speech, intellectual disability, bilateral deaf-
ness, and blindness are presented in Table 1. Under the as-
sumption of proportional hazards, the highest hazard ratios 
were seen for severe motor impairment relative to mild (haz-
ard ratio 23.19, 95% CI 17.69, 30.41), lack of speech (hazard 

F I G U R E  1  Kaplan– Meier graph showing survival estimates and 95% 
confidence intervals for persons with cerebral palsy (CP) born in Victoria, 
Australia, 1970– 2012
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ratio 15.72, 95% CI 12.42, 19.88), and bilateral (quadriplegic) 
topography (hazard ratio 15.04, 95% CI 10.53, 21.48). The 
presence of epilepsy, intellectual disability, bilateral deaf-
ness, and blindness were also associated with higher risk of 
death at all ages (Table 1).

The probability of survival to 10, 20, 30, and 40 years by 
level of motor severity and number of additional impair-
ments or conditions is shown in Table  3. The probability 
of survival to 40 years was 28.4% (95% CI 23.03, 33.94) for 

persons with severe limitations of gross motor function (pre-
dominantly non- ambulant) and at least three coimpairments 
or conditions. In comparison, the probability of survival to 
age 40 years for those with mild motor impairment and no 
additional impairments was 97.2% (95% CI 94.76, 98.50).

Comparatively better survival to 15 years was observed for 
persons born in the 2000s compared to earlier birth epochs 
(Table 4). Survival to age 15 years increased from 90.4% for 
persons born in the 1970s to 93.5% for those born between 

T A B L E  1  Participant characteristics

Characteristic
Total cohort 
n = 4807

Total deaths 
n = 666 (%)

Hazard ratioa (95% 
CI), unadjusted

Hazard ratioa (95% CI) 
adjusted for motor severity

Hazard ratioa (95% CI) adjusted 
for remaining variables

Sex

Female 2091 288 (13.8) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Male 2716 378 (13.9) 1.05 (0.90, 1.23) 1.07 (0.92, 1.25) 1.14 (0.98, 1.33)

Motor topography

Bilateral (diplegia/
triplegia)

1311 32 (2.4) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Unilateral 
(monoplegia/
hemiplegia)

1552 51 (3.3) 1.30 (0.84, 2.03) 2.15 (1.35, 3.44) 1.69 (1.06, 2.68)

Bilateral 
(quadriplegia)

1688 562 (33.3) 15.04 (10.53, 21.48) 3.30 (2.24, 4.87) 2.31 (1.55, 3.44)

Unknown 256 21 (8.2) 3.09 (1.78, 5.36) 2.60 (1.47, 4.59) 1.86 (1.05, 3.27)

Motor severity

Mild 2780 59 (2.1) 1.00 (Reference) - 1.00 (Reference)

Moderate 551 41 (7.4) 3.26 (2.18, 4.86) - 2.22 (1.43, 3.46)

Severe 1400 548 (39.1) 23.19 (17.69, 30.41) - 7.22 (4.90, 10.62)

Unknown 76 18 (23.7) 15.13 (8.92, 25.68) - 3.01 (1.70, 5.34)

Epilepsy

No 2891 171 (5.9) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 1713 467 (27.3) 4.83 (4.05, 5.75) 2.22 (1.85, 2.65) 1.65 (1.37, 1.99)

Unknown 203 28 (13.8) 2.17 (1.45, 3.26) 2.36 (1.52, 3.66) 1.04 (0.66, 1.64)

Functional blindness

No 4268 550 (12.9) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 135 44 (32.6) 3.53 (2.59, 4.81) 1.39 (1.02, 1.89) 1.06 (0.78, 1.45)

Unknown 404 72 (17.8) 1.74 (1.36, 2.22) 1.96 (1.51, 2.55) 0.87 (0.64, 1.18)

Bilateral deafness

No 4178 493 (11.8) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 108 26 (24.1) 2.58 (1.74, 3.83) 1.76 (1.18, 2.61) 1.44 (0.97, 2.15)

Unknown 521 147 (28.2) 2.88 (2.40, 3.47) 2.95 (2.44, 3.56) 2.07 (1.64, 2.62)

Lack of speech

No 3018 83 (2.75) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 1286 464 (36.1) 15.72 (12.42, 19.88) 4.09 (3.16, 5.29) 2.79 (2.13, 3.64)

Unknown 503 119 (23.7) 10.83 (8.17, 14.35) 7.70 (5.75, 10.30) 4.69 (3.33, 6.61)

Intellectual disability

No 1920 45 (2.3) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

Yes 2487 557 (22.4) 10.16 (7.47, 13.81) 3.46 (2.52, 4.75) 1.77 (1.27, 2.48)

Unknown 400 64 (16.0) 9.40 (6.40, 13.80) 5.76 (3.86, 8.58) 1.70 (1.09, 2.66)

aHazard ratios were estimated relative to the subgroup with the lowest mortality. - , not calculated; CI, confidence interval.
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2000 and 2012 (Figure  2a). When we compared trends by 
birth epoch for complex CP only (Figure  2b), 15- year sur-
vival was 85.5% (95% CI 81.12, 88.88) for those born between 
2000 and 2012 compared to 82.6% (95% CI 80.38, 84.51) for 
those born between 1970 and 1999.

Cox regression analysis showed 35% reduction in risk 
of death by 15 years for individuals born in the current 
millennium (hazard ratio 0.65, 95% CI 0.49, 0.86) relative 
to births in the 1970s (Table 4). Statistical adjustment for 
CP complexity in our Cox regression model indicated that 
the observed 35% improvement was reduced to 27% im-
provement in the adjusted model (adjusted hazard ratio 
0.73, 95% CI 0.54, 0.99). When analysis was restricted to 
the complex subgroup, we saw only 4% reduction in risk 

between the two birth epochs (hazard ratio 0.96, 95% CI 
0.69, 1.33).

DISCUSSION

Most children with CP will survive to adulthood, but it is 
clear from existing evidence that greater complex devel-
opmental disability is associated with increased risk of 
early death. Compared to the general population, mortal-
ity rates in the present study were higher for all age groups 
to 47 years. This finding is similar to that obtained from 
our previous study,10 and to findings from other groups.16 
When compared to the general population, mortality ratios 

T A B L E  2  Age- specific mortality rates per 1000 person- years for CP and for the Victorian population and mortality ratios

Age in years
Number at 
risk Person- years CP deaths

Unadjusted CP mortality 
rate (95% CI)

Population mortality 
ratea

Mortality ratio 
(95% CI)

< 1 4807 4789 36 7.5 (5.06, 9.97) 2.9 2.57 (1.75, 3.66)

1– 4 4770 18 814 123 6.5 (5.38, 7.69) 0.1 45.90 (31.99, 67.05)

5– 9 4580 21 332 113 5.3 (4.32, 6.27) 0.1 62.42 (41.20, 97.39)

10– 14 3927 17 902 93 5.2 (4.14, 6.25) 0.1 59.40 (38.78, 93.50)

15– 19 3225 14 435 95 6.6 (5.26, 7.90) 0.3 22.22 (16.67, 29.59)

20– 24 2556 11 333 59 5.2 (3.88, 6.53) 0.3 16.63 (12.01, 22.79)

25– 29 1987 8324 61 7.3 (5.49, 9.17) 0.4 17.29 (12.73, 23.21)

30– 34 1385 5720 40 7.0 (4.83, 9.16) 0.5 14.39 (9.97, 20.29)

35– 39 915 3564 23 6.5 (3.82, 9.09) 0.7 8.99 (5.61, 13.77)

40– 44 514 1733 19 11.0 (6.03, 15.9) 1.1 10.27 (6.13, 16.24)

45– 47 180 210 3 14.3 (0.00, 30.04) 1.2 11.82 (2.42, 34.92)

aPopulation mortality rate derived from the Australian Bureau of Statistics.24 CI, confidence interval; CP, cerebral palsy.

T A B L E  3  Percentage of survivors at 10, 20, 30, and 40 years by motor impairment severity

Motor severity + n additional 
impairmentsa

Start 
total

Total 
deaths

10- year survival 
(95% CI)

20- year survival 
(95% CI)

30- year survival 
(95% CI)

40- year survival 
(95% CI)

Mild motor impairment

No impairment 1413 15 99.6 (99.15, 99.85) 99.4 (98.75, 99.73) 98.7 (97.51, 99.31) 97.2 (94.76, 98.50)

1 impairment 693 13 99.7 (98.80, 99.92) 99.1 (97.79, 99.62) 97.5 (95.28, 98.69) 95.6 (91.78, 97.61)

2 impairments 397 10 99.5 (97.98, 99.87) 99.1 (97.16, 99.72) 97.1 (93.86, 98.64) 94.1 (88.44, 97.02)

3 or more impairments 114 8 97.2 (91.49, 99.08) 96.2 (90.19, 98.56) 89.3 (79.07, 94.72) 89.3 (79.07, 94.72)

Moderate motor impairment

No impairment 187 4 99.3 (96.27, 99.92) 99.5 (96.27, 99.92) 97.4 (91.65, 99.19) 95.8 (88.59, 98.51)

1 impairment 141 6 99.3 (95.07, 99.90) 98.2 (92.83, 99.56) 96.5 (88.75, 98.93) 89.7 (77.38, 95.52)

2 impairments 124 14 95.9 (90.41, 98.27) 92.1 (85.34, 95.83) 87.1 (78.51, 92.40) 81.3 (64.43, 90.68)

3 or more impairments 80 13 97.5 (90.31, 99.36) 90.5 (81.05, 95.37) 88.9 (78.91, 94.31) 69.4 (47.73, 83.49)

Severe motor impairment

No impairment 83 3 100.0 98.4 (88.93, 99.77) 91.2 (73.85, 97.24) 91.2 (73.85, 97.24)

1 impairment 174 29 90.7 (85.20, 94.18) 83.1 (76.09, 88.27) 80.1 (71.72, 86.17) 77.1 (66.60, 84.66)

2 impairments 384 136 81.7 (77.46, 85.29) 70.9 (65.65, 75.45) 58.7 (52.33, 64.45) 49.2 (41.69, 56.32)

3 or more impairments 699 331 82.6 (79.55, 85.25) 60.1 (55.89, 63.96) 42.2 (37.40, 46.89) 28.4 (23.03, 33.94)

aAny intellectual impairment has replaced severe/profound intellectual impairment (in our 2012 paper10) as one of the five impairments/conditions. Number of additional 
impairments from a possible five, comprising epilepsy, intellectual impairment, blindness, deafness, and lack of speech. CI, confidence interval.
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remained highest for those aged less than 15 years with the 
highest mortality ratio seen in the 5-  to 9- year age group. 
More recently, other groups have reported a shift in relative 
mortality risk for populations with CP, from young children 
to adolescents and adults.18,19

Poor gross motor function, bilateral CP (quadriplegia), 
deafness, epilepsy, and lack of speech remained independent 
predictors for increased mortality risk. The present study 
supports previous findings that severe cognitive impairment 
in young people is associated with higher mortality risk.10,11,16 
In contrast to some previous studies, bilateral deafness was 
also associated with increased risk of death.11,25 Although 
bilateral deafness is not common in CP, it is seen more fre-
quently in individuals with poor gross motor function.26

Any temporal improvement in survival would indicate 
either better management of individuals at most risk of early 
death or improvement over time in overall severity of the 
CP population. Both outcomes would be valuable indicators 
of progress. There are comparatively few studies that have 
analysed survival among individuals with CP, and only a 
small number had the ability to analyse data across multi-
ple decades.7,10,16,18,19,27 Findings from other countries have 
been mixed, with most longitudinal population cohort stud-
ies reporting no improvement in survival for people with CP 

based on their time of birth.11– 16 Contrary to our previous 
study, we observed a trend towards improvement in survival 
to 15 years amongst all individuals with CP born between 
2000 and 2012 compared to previous decades. At this stage, 
cases were still too young for us to fully ascertain the ac-
curacy and longevity of this effect. It is possible that, with 
further data available, we may see a ‘catch up’ period, as pre-
viously described.19

Our study findings also include early indicators of a small 
improvement in survival within the complex CP group. 
Scoliosis surgery, improvements in nutritional management, 
and increases in the placement frequency and management 
of gastrostomy tubes (as described in Strauss et al.17), may be 
considered as reasons why survival has improved for com-
plex CP cases.

Comparison between studies is difficult because of in-
herent differences in study samples across groups, classifica-
tion criteria for CP, and differences in severity profiles. For 
example, some groups excluded children who died before 
2 years,16,28,29 or 1 year,19 citing difficulties in assurance of 
an inarguable diagnosis of CP before this age and concern 
that infants, who may have received a CP diagnosis had they 
survived, are not included. Other studies only included chil-
dren diagnosed with CP aged 4 years and over,17,18 or only 

T A B L E  4  Birth decade comparisons of survival rates and mortality risk relative to the 1970 birth epoch

Risk of death

Birth epoch 5- year survival % 10- year survival % 15- year survival %
Unadjusted hazard ratio 
(95% CI)

Adjusted hazard 
ratioa (95% CI)

1970s 96.2 93.0 90.4 1.00 (Reference) 1.00 (Reference)

1980s 96.8 93.7 91.0 0.90 (0.73, 1.09) 0.98 (0.80, 1.21)

1990s 96.4 94.5 91.8 0.85 (0.68, 1.06) 1.02 (0.81, 1.29)

2000s 97.1 95.1 93.5 0.65 (0.49, 0.86) 0.73 (0.54, 0.99)

aAdjusted for cerebral palsy complexity. CI, confidence interval.

F I G U R E  2  Kaplan– Meier graphs showing survival estimates by birth epoch for (a) all persons with cerebral palsy (CP) born in Victoria 1970– 2012 
and (b) the subgroup with complex CP
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analysed survival of adults with CP.30 Levels of disability 
can vary widely between populations, and there are vastly 
different methods of data collection, variable classifications, 
analysis methods, and reporting of results. Variations in 
geographical location and socioeconomic status mean that 
comparisons with other studies, and generalizability of this 
study to other populations, must be made with caution.

Through statistical adjustment and adjustment by strat-
ification, we were able to show that the substantially im-
proved survival observed in persons born in the 2000 to 
2012 birth epoch was largely a consequence of smaller pro-
portions of cases with complex CP in the most recent birth 
epoch. To the censor date, the proportion of complex CP 
cases reduced from 26% in the 1970 to 1999 epoch to 20% in 
the 2000 to 2012 epoch. Some of the reduction in rates of se-
vere or complex CP in Victoria has previously been shown to 
have occurred amongst children born very preterm, likely as 
a result of improved neonatal management.31 Reduced rates 
of complex CP have also occurred in term livebirths,10 but 
the reasons for this are not yet clear.

The Victorian CP Register project provided us with a 
very large, geographically defined, longitudinal cohort 
with nearly 50 years of follow- up and little risk of bias. As in 
previous studies,7,17,18,32 our analysis took into account CP 
complexity, which added precision and interpretability to 
our results, improving generalizability and the potential for 
comparison with data from other countries. The same meth-
odology for classifying the factors that are included in our 
rating of complexity has been used since the inception of the 
Victorian CP Register project, so changes over time in clas-
sification methods are unlikely to play a role in the findings.

Limitations

It is possible that a small number of persons with very mild 
CP (not requiring medical assistance or seeking services pri-
vately), were not included in this study. Some early deaths 
and deaths that occurred outside Australia may have been 
missed. Because of a lack of consistent data over the entire 
study period, we were unable to include some clinical fac-
tors that are known to affect survival, including tube feed-
ing and nutritional status, severity of intellectual disability, 
and seizure control in epilepsy. In terms of the analysis, the 
assumption of proportional hazards may have been some-
what simplistic for this setting; although it was violated for 
some analyses, it did allow an easily interpretable estimate 
of the hazard ratio. We are also aware that inclusion in the 
study was conditional on survival to an age when CP could 
be diagnosed and the case registered, potentially increasing 
the risk of immortal time bias. However, we think we had 
reasonable success at ascertaining severe cases who died out-
side the neonatal period, so opted to accept a degree of bias 
instead of excluding ascertained cases that die early, thus po-
tentially underestimating mortality or missing indicators of 
increased length of life.

C onclusions

This study demonstrates that individuals living with CP in 
the Australian state of Victoria continue to have reduced 
survival compared with the general population. What is en-
couraging is the observed improvements in survival for those 
born in the 2000s. Although some of this progress is likely 
related to the improvements in management of individuals 
with more complex disability, our study demonstrated that 
the recent improvement in survival could be largely attrib-
uted to a reduction in severity profiles. Ongoing research is 
required to determine if these trends continue, to clarify if 
there is indeed a ‘catchup’ period, and to better understand 
these findings.
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