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larly during childhood and a
7) · 3 October 2011
Objective: To assess mortality trends among people with cystic fibrosis (CF) in 
Australia.

Design and setting:  We augmented Australian summary data for deaths from CF 
registered during 1979–2005 with information from Australian transplant centres 
on lung transplantation among CF patients for 1989–2005 to allow us to follow 
trends in all “mortality events” (death or lung transplantation).

Main outcome measure:  Age at death or lung transplantation.

Results:  Between 1979 and 2005, the mean age at death increased from 12.2 years 
to 27.9 years for males and from 14.8 years to 25.3 years for females. Overall, female 
deaths in childhood (0–14 years) occurred at an age-standardised rate of 0.40 per 
100 000 (95% CI, 0.34–0.45) during 1979–2005, which exceeded the 
corresponding rate for males of 0.24 (95% CI, 0.20–0.28) per 100 000. Among 
0–14-year-old boys, event rates declined markedly after 1989, but they declined 
later and more gradually for girls, with the result that the age-standardised rate 
for girls was 2.38 times that of boys during 1989–2005 (95% CI, 1.69–3.36).

Conclusions:  The pattern of CF mortality in Australia has changed substantially. 
Mortality rates continue to be higher for girls than for boys, but death in childhood 
has become uncommon. Survival has increased since 1979, but females continue 
to have reduced length of life.
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 vival among people with

tic fibrosis (CF) has increased
rldwide over the past three
In countries where patients

have access to specialised CF centres,
the number of people with CF aged 18
years or over now equals or even
exceeds that of the paediatric popula-
tion. Before 1970, many individuals
with CF died in infancy and, globally,
the median age at death was only 8
years. However, with the introduction
of multidisciplinary care teams and
specialised CF centres, survival around
the world began to improve. Newborn
screening has allowed earlier diagnosis
and intervention, and it is anticipated
that this development will be reflected
in further improvements in outcome.
Current estimates are that, for patients
with access to best CF centre care, more
than 90% of the CF population born
from 1990 onwards will reach the age
of 40 years and the median survival of
infants in the United Kingdom who
currently have CF will exceed 50 years.1

Most patients with CF in Australia
now have access to care in CF centres
and, consistent with reports from
other countries, are living to greater
ages. However, there has been no for-
mal assessment of survival and how it
has changed over recent decades. In
this study, we have analysed informa-
tion on deaths or lung transplantation
(“mortality events”) among the Aus-
tralian population with CF during
1979–2005 to determine whether Aus-
tralia has benefited from improve-
ments in survival to the same extent as
has been reported for the United

 com-
age at
tween
rmine
t has
rticu-

doles-
cence, is disappearing in Australia, as
has been suggested elsewhere.2-8

Methods

Sources of data

Summary mortality data were sourced
from the state and territories GRIM
(General Record of Incidence of Mor-
tality) book for cystic fibrosis (code E84,
International Classification of Diseases,
10th revision), version 2, 2005, which
was produced by the Australian Insti-
tute of Health and Welfare (AIHW).
The GRIM provided data on deaths
from CF each year for the period 1997–
2005, stratified by 5-year age group and
sex. Data for the years 1979–1996 were
added to the GRIM by the AIHW at our
request.

The lung transplant centres in Aus-
tralia, located at the Alfred Hospital in
Melbourne, St Vincent’s Hospital in
Sydney, and the Prince Charles Hospi-
tal in Brisbane, provided de-identified
data for 299 patients with CF who had
received lung transplants during 1989–
2005, including 177 who were still alive
on 31 December 2005. Age at trans-
plantation was considered a mortality
event for the purposes of this study.
Access to post-transplant age at death

allowed us to cross-validate AIHW
mortality data. Although lung trans-
plantation prolongs life for patients
with CF, the focus of this study is on CF
mortality with respect to survival gains
as a consequence of improved CF care;
in this context, transplantation is a con-
founder. Age at transplantation is a
reliable surrogate for age at death, as
the median survival in patients with
severe disease who are being consid-
ered for lung transplantation is about 1
year.9

The Australian Bureau of Statistics
(ABS) supplied mid-year population
estimates stratified by 5-year age
group, sex and state or territory for each
year of the period 1979–2005.

Cross-validation and collation 
of data

We identified 25 individuals who had
died following lung transplantation but
were not recorded in the mortality
dataset because CF had not been listed
as a cause of death. We also identified
177 CF patients who had received a
lung transplant before 31 December
2005 and had survived to 31 December
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2005. This process of cross-validation
enabled us to make adjustments to the
summary data tabulated in the 2005
GRIM book for CF.

We also discovered that 25 people
registered as having died of CF at the
age of 60 years or over were incorrectly
listed as CF deaths owing to coding
errors. Therefore, no individuals over
the age of 60 years were included in the
mortality analysis.

Ethics approval

The study was approved by the Tasma-
nia Health and Medical Human
Research Ethics Committee and the
human research ethics committees of
the Alfred Hospital, Melbourne, St Vin-
cent’s Hospital, Sydney, and the Prince
Charles Hospital, Brisbane.

Statistical analysis

We calculated rates of mortality events
(death or lung transplantation) by
dividing annual or aggregated counts
by annual or aggregated mid-year pop-
ulation estimates. We used the direct
method to calculate age-standardised
rates, applying age- and sex-specific
rates to the Australian census popula-
tion in 2001. This population is used as
the standard in the 2005 GRIM book
for CF. We also calculated female-to-
male ratios of age-standardised rates
(standardised rate ratios). Ninety-five
per cent confidence limits for the rates,
age-standardised rates and rate ratios
were calculated using large-sample
approximations. We used Poisson
regression to estimate trends in rates,
and linear regression to estimate trends
in age-standardised rates.

To calculate mean age at time of
death or lung transplantation from the
summary mortality data, age was
assigned as the mid-point of each 5-
year age group. The data were trans-
formed before analysis to remove posi-
tive skewness. We estimated trends in
mean rates by linear regression.

Results

We identified 1072 people (511 males,
561 females) as having died with CF
during 1979–2005 in Australia. Deaths
occurred at an age-standardised rate of
0.25 per 100000 population (95% CI,
0.24–0.27).

During 1989–2005, 299 (163 male,
136 female) CF patients received lung

transplants and 177 (95 male, 82 female)
of these survived to the end of 2005.
Taken together, the two mortality events
(death or lung transplantation) occurred
at an age-standardised rate of 0.30 per
100000 population (95% CI, 0.28–0.31).

Age-standardised rates of mortality
and mortality events for the “pre-trans-
plantation” period (1979–1988) and the
“transplantation” period (1989–2005)
are shown in Box 1. Overall, female
mortality rates were a little higher than
male rates. The female-to-male ratio of
death rates was 1.13 (95% CI, 0.92–
1.39) during 1979–1988, and 1.11 (95%
CI, 0.96–1.29) during 1989–2005.

Trends in mean age at death (age at
death in the absence of transplantation,
or age at transplantation) during 1979–
2005 are shown in Box 2. In most years,
the mean age at death for males
exceeded that for females. Overall,
mean age at death increased from 13.3
years (95% CI, 12.2–14.4) in 1979 to
26.6 years (95% CI, 25.6–27.7) in 2005.
This was an annual rate of increase of

187 days per year (95% CI, 160–213).
Considered separately, the mean age at
death for males increased from 12.2
years (95% CI, 13.5–16.0) in 1979 to
27.9 years (95% CI, 26.0–29.1) in 2005.
For females, the increase was from 14.8
years (95% CI, 11.0–13.3) to 25.3 years
(95% CI, 24.1–26.5). This equated to an
overall average male-to-female differ-
ence in mean age at the mortality event
of 941 (95% CI, 541–1341) days. If we
consider this sex gap during 1989–
2005, the average male survival advan-
tage was even higher, at 1310 days
(95% CI, 868–1752).

Age-specific rates for mortality
events are shown in Box 3. For both
sexes, a marked shift occurred in the
later time period, with reduced mortal-
ity rates for children aged 0–9 years and
boys aged 10–14 years, accompanied by
higher mortality rates for older people.
Notably, the mortality rate for girls
aged 10–14 years remained unchanged.

From 1989 onwards, event rates
decreased markedly among 0–14-

2 Trends in mean age at death for Australians with cystic fibrosis, 1979–2005
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1 Age-standardised rates of deaths and of mortality events (death or lung 
transplantation) for Australians with cystic fibrosis, 1979–2005

Males Females

Time period and mortality 
event No.*

Age-standardised 
rate (95% CI)† No.*

Age-standardised 
rate (95% CI)†

1979–1988

Death 176 0.23 (0.19–0.26) 197 0.26 (0.22–0.29)

1989–2005

Death‡ 335 0.24 (0.22–0.27) 364 0.27 (0.24–0.30)

Death or lung transplantation§ 430 0.31 (0.28–0.34) 446 0.33 (0.30–0.36)

1979–2005

Death‡ 511 0.24 (0.22–0.26) 561 0.27 (0.25–0.29)

Death or lung transplantation§ 606 0.28 (0.26–0.31) 643 0.31 (0.28–0.33)

* Number of events. † Per 100 000 population, with Australian census population of 2001 used as 
the standard. ‡ Includes patients who died after lung transplantation during 1989–2005. § Includes 
the 95 patients with cystic fibrosis who survived to 31 December 2005 following lung 
transplantation during 1989–2005. ◆
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4 Age-standardised
transplantation),

Period and age 
group (years) No

1979–1988

0–14 8

15–39 94

40–59

1989–2005

0–14 4

15–39 35

40–59 26

1979–2005

0–14 128

15–39 45

40–59 2

* Number of events. † Pe
year-old boys, but decreased much
more gradually for girls over the entire
period from 1979 to 2005. There were
too few transplants in patients
younger than 15 years of age (one boy,
three girls) for the observed declines
to be attributable to lung transplanta-
tion. There were corresponding
increases in event rates over the same
period for people aged 15–39 years
(P< 0.01 for each sex).

Female-to-male ratios of age-stand-
ardised rates of mortality events by age
group are provided in Box 4. The rate
among girls aged 0–14 years was 1.6
times the rate for boys over the entire
surveillance period (P < 0.05). However,
the greater decline in mortality rate for
boys (67%) compared with girls (36%)
between 1989 and 2005 resulted in the
mortality rate for girls being 2.4 times
that for boys (P < 0.05). For older indi-
viduals, the male rate was higher than
the female rate during 1989–2005, but
this simply reflected the shift in mortal-
ity in males from childhood to adult-
hood during this period.

Discussion

Our analysis shows that mean age at
death for the population of people with
CF in Australia rose progressively dur-
ing the 1979–2005 study period at a
rate of increase of around 190 days per
year. The increase in survival was pre-
dominantly related to a postponement
of deaths that previously occurred dur-
ing childhood years. This shift was
most pronounced among children aged
0–14 years. However, even at the end of

the study period, the mortality rate in
girls aged 0–14 years remained more
than twice that of boys. Thus, whereas
males with CF who died during 1979–
1988 lived on average around 460 days
longer than females with CF, this sur-
vival gap had increased to around 1300
days during 1989–2005 (1200 days if
lung transplantation is not taken into
account).

Several reports from the US, UK
and Europe have highlighted the
increase in survival of individuals with
CF over the past 30 years,1,10-13 but the
Australian experience has not been
formally documented. In our study
among Australians with CF, mean age
at death in 2005 was 26.6 years, which
is slightly older than that reported for
the same year in a German study
(mean age at death 23.7 years).14

Cystic Fibrosis Data Registry reports in
the US documented a median age at
death of 25.3 years for 2005.15 In the
UK, the median age at death in 2004

was 25.6 years.16 These reports sug-
gest that Australian outcomes are
comparable with other developed
countries with high-quality health
care systems. An international com-
parison of median age at death
between 1975 and 2000 found that
there was considerable variability in
outcomes between countries.13 The
study included data from Australia,
but the analysis did not look at mor-
tality rates in specific age cohorts, nor
did it examine sex differences.

A factor that has been overlooked in
previous studies of CF mortality is the
confounding effect of lung transplanta-
tion. Our data suggest that if age at
transplantation is not considered as age
at death for statistical purposes, then
CF survival may not be estimated accu-
rately on a population basis — and this
will be particularly true of countries
that have a comprehensive transplant
program. The improved survival of
people with CF around the world has
been attributed to the introduction of
multidisciplinary care located in CF
centres.

The reduction in mortality in our
study was predominantly observed
among children, and this experience is
replicated in other countries.5,11,17

Whereas more than half of all CF
deaths in Australia occurred in those
aged younger than 15 years in 1979–
1981, this age group accounted for
only 5% of deaths in 2003–2005.
Improved survival in childhood is
linked to a doubling of the mortality
rate for the 15–39-years age group. At
the other end of the spectrum, survival
past the age of 39 years was a rarity
before 1989, but it has slowly become
more common since 1988, particularly
among males. This suggests that we
are beginning to see the delayed

 rates of mortality events (age at death in the absence of transplantation, or age at lung 
 and female-to-male rate ratios among Australians with cystic fibrosis, 1979–2005

Males Females

.*
Age-standardised rate 

(95% CI)† No.*
Age-standardised rate 

(95% CI)†
Rate ratio 
(95% CI)

1 0.422 (0.330–0.514) 94 0.516 (0.411–0.620) 1.221 (0.907–1.644)

0.277 (0.221–0.333) 103 0.304 (0.245–0.363) 1.096 (0.829–1.451)

1 0.007 (0.000–0.019) 0 0.000 —

7 0.139 (0.099–0.178) 106 0.330 (0.267–0.393) 2.383 (1.690–3.359)‡

7 0.591 (0.530–0.652) 325 0.545 (0.485–0.604) 0.922 (0.793–1.071)

0.065 (0.040–0.090) 15 0.039 (0.019–0.058) 0.592 (0.313–1.118)

0.241 (0.199–0.282) 200 0.396 (0.341–0.451) 1.647 (1.319–2.056)‡

1 0.482 (0.437–0.526) 428 0.461 (0.417–0.505) 0.957 (0.838–1.093)

7 0.048 (0.030–0.066) 15 0.028 (0.014–0.042) 0.575 (0.306–1.081)

r 100 000 population, with Australian census population of 2001 used as the standard. ‡ P < 0.05. ◆

3 Age-specific rates of mortality events (death or lung transplantation) among 
Australian patients with cystic fibrosis, 1979–1988 and 1989–2005
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effects of better care in childhood 25
years ago, building on the gains in
childhood survival that were first
noted in Australia in 1984.18 The net
result has been an increase in the
adult population with CF such that,
according to the Australian national
data registry in 2005,19 41% of the CF
population in Australia are now adults
aged 18 years and over, and this is
likely to increase rapidly over the next
decade.

Previous studies have described a sex
difference in CF mortality, but most of
these did not look at the mortality rate
in specific age groups.2-5,20 One study
from 1992 showed that females with
CF aged younger than 20 years had a
60% increased risk of death compared
with their male counterparts.2 A simi-
lar study reported that the overall risk
of death across all ages was 30%
higher in females.21 Nearly all studies
of mortality in CF report a consistently
higher average age at death for males,
although more recent data from Ger-
many suggest that this sex imbalance
may be disappearing, at least in that
country.14 Our study demonstrates
that a sex difference persists in Aus-
tralia, and that this became more
marked in the late 1980s, particularly
in terms of childhood deaths.

A striking finding of our study was
how mortality trends for boys and girls
aged 0–14 years changed over time,
with a marked decline in event rates
for boys after 1986 that was accompa-
nied by a far more gradual decline in
rates for girls. Our data cannot inform
us of the cause of the earlier and more
pronounced reduction in childhood
mortality for boys. A potential expla-
nation for a reduction in childhood
mortality overall was the introduction
of newborn screening in Australia.
Newborn screening was first intro-
duced in New South Wales in 1981. By
1990, it had become available in all
states other than Western Aus-
tralia.22,23 Early diagnosis has been
shown to improve outcomes and
reduce hospitalisations in children
with CF, and there are suggestions
that screening may reduce early mor-
tality by up to 10%.24 The problem
with attributing the reduction in mor-
tality rates to newborn screening is
that this does not explain why males
rather than females would benefit.

There may be several explanations
for the delayed reduction in female

childhood mortality rates, including
differences between the sexes in age of
acquisition of Pseudomonas aeruginosa
and treatment adherence, hormonal
influences or enhanced inflammatory
response in females and reluctance to
exercise vigorously. Body image issues
that may result in nutritional failure as
well as differences in resting energy
expenditure between males and
females may also impact on survival
through childhood.25-31 This latter
observation may be particularly
important, and it is interesting to note
that the female group that has experi-
enced no change in mortality events is
the vulnerable adolescent group aged
10–14 years. Our overall results for 0–
14-year-old Australian children
showed more marked reductions in
mortality from 1998 onwards among
girls than among boys, possibly
reflecting the fact that male mortality
rates had already fallen substantially
and any further improvements were
likely to be of much lesser magnitude.

In summary, the pattern of mortality
from CF in Australia has changed sub-
stantially since 1979. Deaths now occur
predominantly in adult years at higher
rates for males than for females.
Among 0–14 year olds, rates for girls
continue to be higher than rates for
boys, but mortality in childhood has
become uncommon. Survival has
increased since 1979, but females con-
tinue to have reduced length of life
compared with males.
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