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Abstract
The known Falls are the leading cause of injury-related
hospitalisations of Aboriginal people in New South Wales.
The new The patterns of injury and outcomes of fall injury
hospitalisations of older Aboriginal people were different to
those of other older Australians. A higher proportion of
Aboriginal patients had been hospitalised for fall-related nonfracture injuries; their hospital stay was shorter and 30-day
mortality lower. The age-standardised rate of fall-related injury
hospitalisations was greater for Aboriginal than for
non-Indigenous people.
The implications Different approaches may be required to
prevent and treat fall-related injuries to older Aboriginal
people.
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alls are responsible worldwide for 5e8% of all hospitalisations of people aged 65 years or more; hip fracture is
the most common injury.1,2 In Australia, fall injury
hospitalisations are less prevalent (2.7% of hospitalisations), with
injuries to the hip or thigh being the most common.3 Falls are the
leading cause of injury hospitalisations for Aboriginal and Torres
Strait Islander people in New South Wales.4 The number of
fall-related injuries to older Aboriginal Australians increased
from 2007e08 to 2010e11 by an average of 10.2% per year; the
average annual increase for all older Australians was 4.3%.3
Severe fall injuries in older people are associated with reduced
mobility, loss of independence, and, for some, the need to enter
residential care.5 For older Aboriginal people, this potentially
entails being separated from home country, community, and
culture. Despite the growing rates of fall injury among older
Aboriginal Australians, little is known about their injury proﬁle,
hospitalisation characteristics, or outcomes, or about whether they
differ from those of the older Australian population overall.
In this study, our aim was to compare the socio-demographic
characteristics and type of injury sustained, use of hospital
resources and rates of hospitalisation by injury type, and survival
following fall injuries to older Aboriginal people and nonIndigenous Australian people hospitalised for fall-related injuries.

Objectives: To compare the socio-demographic characteristics
and type of injury sustained, the use of hospital resources and
rates of hospitalisation by injury type, and survival following fall
injuries to older Aboriginal people and non-Indigenous Australian
people hospitalised for fall-related injuries.
Design: Population-based retrospective cohort data linkage
study.
Setting, participants: New South Wales residents aged 50
years or more admitted to a public or private NSW hospital for a
fall-related injury during 1 January 2003 e 31 December 2012.
Main outcome measures: Proportions of patients with deﬁned
injury types, mean hospital length of stay (LOS), 30-day
mortality, age-standardised hospitalisation rates and ageadjusted rate ratios, 28-day re-admission rates.
Results: There were 312 758 fall-related injury hospitalisations
for 234 979 individuals; 2660 admissions (0.85%) were of
Aboriginal people. The proportion of hospitalisations for
fall-related fracture injuries was lower for Aboriginal than for
non-Indigenous Australians (49% v 60% of fall-related
hospitalisations; P < 0.001). The major injury type for Aboriginal
patients was non-fracture injury to head or neck (19% of
hospitalisations); for non-Indigenous patients it was hip
fractures (18%). Age-adjusted LOS was lower for Aboriginal
than for non-Indigenous patients (9.1 v 14.0 days; P < 0.001), as
was 30-day mortality (2.9% v 4.2%; P < 0.001). For Aboriginal
people, fall injury hospitalisations increased at an annual rate of
5.8% (95% CI, 4.0e7.7%; P < 0.001); for non-Indigenous
patients, the mean annual increase was 2.5% (95% CI, 2.1e3.0;
P < 0.001).
Conclusions: The patterns of injury and outcomes of fall injury
hospitalisations were different for older Aboriginal people and
other older Australians, suggesting that different approaches are
required to prevent and treat fall injuries.
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Case selection
We included all 234 979 cases of people aged 50 years or more
who were admitted to a NSW hospital for a fall-related injury
between 1 January 2003 and 31 December 2012. Fall injury cases
were identiﬁed by an ICD-10-AM principal diagnosis code of
S00eT75 or T79, and a principal external cause code of
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Data source and linkage
Two data sources were linked for this study: the NSW Admitted
Patient Data Collection (APDC), and death records from the NSW
Register of Births, Deaths and Marriages. The APDC is a census of
all admitted patient services provided by all 428 NSW hospitals, of
which 55% are public.6 Details of each hospitalisation are coded

MJA 207 (1)

Methods

according to the Australian modiﬁcation of the International
Statistical Classiﬁcation of Diseases and Related Problems, 10th
revision (ICD-10-AM).7 Probabilistic linkage of the data extracts
was performed by the NSW Centre for Health Record Linkage
(CHeReL, http://www.cherel.org.au). As 95.4% of the NSW
Indigenous population is Aboriginal,8 this population is referred to
as “Aboriginal” in this article.
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W00eW19. Deﬁning “older” in this study as being at
least 50 years of age allowed us to directly compare our
results with data published by the Australian Institute
of Health and Welfare (AIHW).
Indigenous status is coded for each hospital episode of
care in the APDC dataset. A person was classiﬁed as
Aboriginal if they were listed as Aboriginal or Torres
Strait Islander in the hospitalisation record for a single
episode of care, at least once if there had been two episodes of care, or at least twice if there had been three or
more episodes of care. This algorithm is recommended
when linking data for Aboriginal and Torres Strait
Islander peoples in NSW population datasets, to minimise the effects of reporting, administrative and coding
errors.9
Age was categorised into 5-year brackets. Comorbidities
contributing to the Charlson Comorbidity Index were
identiﬁed with a validated ICD-10 coding algorithm,10
including a 12 -month look-back period.11
Hospital length of stay (LOS) was deﬁned as the number
of days between the dates of admission and of ﬁnal
discharge from the health system. Hospitalisations
comprising multiple contiguous episodes of care for an
injury were counted as one hospital stay. Records with
an unusually long LOS (more than three standard
deviations above the mean) were excluded as reﬂecting
atypical care practices or possible coding errors.12
Thirty-day mortality was deﬁned as death from any
cause within 30 days of admission to hospital following
a fall-related injury. Twenty-eight day hospital
re-admission was deﬁned as admission to any hospital
in NSW for any cause within 28 days of discharge.

1 Demographic and injury characteristics for fall-related injury
hospitalisations of people aged 50 years or more,
New South Wales, 2003e2012

Number of hospitalisations
Sex (women)
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Ethics approval
Ethics approval for the study was obtained from the
NSW Population and Health Service Research Ethics
Committee and the Aboriginal Health and Medical
Research Council (reference, HREC/13/CIPHS/49).

Non-Indigenous
Australians

2660

310 098

1458 (54.8%)

207 166 (66.8%)

Age group (years)
50e54

P

< 0.001
< 0.001

549 (20.6%)

16 127 (5.2%)

55e59

418 (15.7%)

18 827 (6.1%)

60e64

382 (14.4%)

20 623 (6.7%)

65e69

324 (12.2%)

22 007 (7.1%)

70e74

296 (11.1%)

28 021 (9.0%)

75e79

231 (8.7%)

41 636 (13.4%)

80e84

210 (7.9%)

58 942 (19.0%)

85e89

157 (5.9%)

58 968 (19.0%)

 90

93 (3.5%)

44 947 (14.5%)

Number of comorbidities (Charlson Comorbidity Index)

< 0.001

0

1476 (55.5%)

177 195 (57.1%)

1e2

886 (33.3%)

107 076 (34.5%)

3

298 (11.2%)

25 827 (8.3%)

1304 (49.0%)

186 469 (60.2%)

< 0.001

48 (1.8%)

7405 (2.4%)

0.050

Fracture of trunk

288 (10.8%)

36 678 (11.8%)

0.11

Fracture of arm

389 (14.6%)

54 747 (17.7%)

< 0.001

Fracture of hip

263 (9.9%)

57 097 (18.4%)

< 0.001

Fracture of leg

281 (10.6%)

27 489 (8.9%)

0.002

35 (1.3%)

3053 (1.0%)

0.08

All non-fracture injuries

1356 (51.1%)

123 629 (39.8%)

< 0.001

Non-fracture injury to the
head and neck

491 (18.5%)

43 040 (13.9%)

< 0.001

Traumatic brain injury

128 (4.8%)

12 301 (4.0%)

0.026

Non-fracture injury of the arm

199 (7.5%)

19 375 (6.2%)

0.009

Non-fracture injury of the trunk

191 (7.2%)

15 502 (5.0%)

< 0.001

308 (11.6%)

29 558 (9.5%)

0.003

39 (1.5%)

3853 (1.2%)

0.30

1395 (52.4%)

174 224 (56.2%)

< 0.001

190 (7.1%)

21 269 (6.9%)

0.56

Fall from one level to another
(high trauma)

372 (14.0%)

41 798 (13.5%)

0.45

Other/unspeciﬁed

703 (26.4%)

72 807 (23.5%)

< 0.001

1257 (47.3%)

150 328 (48.5%)

0.21

Fractures
All fractures
Fracture of head and neck

Fracture injury, other

Statistical analysis
Differences between Aboriginal and non-Indigenous
older Australians in the proportions of type, mechanism, and place of injury were compared in c2 tests.
Mean LOS (with 95% conﬁdence interval [CI]) was
calculated, and adjusted for age and sex differences by
linear regression; the signiﬁcance of differences between
Aboriginal and non-Indigenous older Australians in
mean LOS was assessed in t tests. Thirty-day mortality
was calculated for each of the two populations. Agestandardised hospitalisation rates were calculated by
dividing the number of hospitalisations in each 5-year
age bracket by the NSW population in that age group
for the corresponding year, with direct standardisation
against the 2001 Australian standard population.13 The
age-standardised rate ratio (SRR) comparing the rates
for Aboriginal and non-Indigenous older Australians
was calculated (with 95% CI), assuming a Poisson distribution. We assessed the statistical signiﬁcance of
changes in admission rates over time by negative binomial regression analysis. All statistical analyses were
performed in SAS Enterprise Guide 6.1 (SAS Institute).

Aboriginal
Australians

Non-fracture injuries

Non-fracture injury of the leg
Non-fracture, other
Mechanism of fall
Fall on same level (low trauma)
Fall involving furniture (low
trauma)

Place of injury
Home
Residential care institution

201 (7.6%)

56 752 (18.3%)

< 0.001

Public area

350 (13.2%)

37 071 (12.0%)

0.06

Other/unspeciﬁed

852 (32.0%)

65 947 (21.3%)

< 0.001

434 (16.6%)

35 063 (11.5%)

< 0.001

Re-admitted to hospital within
28 days*

* Excludes hospitalisations with date of discharge after 3 December 2012. u
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Results
There were 312 758 fall-related injury hospitalisations for people
aged 50 years or more during the 10-year study period (234 979
individual patients), 2660 of which (0.85%) were of Aboriginal
people, of whom 2434 (91.5%) were admitted to public hospitals;
the proportion of Aboriginal people admitted to private hospitals
was lower than for non-Indigenous patients (2.1% v 8.5%;
P < 0.001).
Cohort and injury characteristics (Box 1)
Most fall-related injury hospitalisations were of women (55% of
Aboriginal patients, 67% of non-Indigenous patients); 74% of hospitalisations of Aboriginal people were of people under 75 years of
age, as were 34% of hospitalisations of other older Australians.
The proportion of hospitalisations for fall-related fracture injuries
was lower for Aboriginal than for non-Indigenous Australians
(49% v 60% of fall-related hospitalisations; P < 0.001), particularly
with respect to fall-related hip fractures (10% v 18%; P < 0.001).
The proportion of hospitalisations for fall-related non-fracture
injuries was correspondingly higher for Aboriginal than for nonIndigenous Australians (51% v 40%; P < 0.001), particularly for
non-fracture injuries to the head and neck (19% v 14%; P < 0.001).
The home was the most common place of injury for both Aboriginal and non-Indigenous patients (47% v 48% of hospitalisations;
P ¼ 0.21). The proportion of hospitalisation records listing place of
injury as “other/unspeciﬁed” was higher for Aboriginal than for
non-Indigenous patients (32% v 21%; P < 0.001). A smaller proportion of hospitalisations of Aboriginal patients resulted in
re-admission within 28 days (12% v 17% of non-Indigenous
patients; P < 0.001).
Length of hospital stay
The mean LOS for a fall injury was 9.1 days for Aboriginal people
and 14.0 days for non-Indigenous Australians. LOS was shorter for
Aboriginal people for all injury types, with the exception of hip
fracture and traumatic brain injury, where there was no difference
(Box 2). The rate of self-discharge from hospital was higher for
Aboriginal people than for non-Indigenous patients (3.4% v 0.6%;
P < 0.001).
Mortality within 30 days of hospital admission
The proportion of hospitalisations followed by death within
30 days of admission was lower for Aboriginal than for nonIndigenous patients (2.9% v 4.2 %; P < 0.001); 30-day mortality for
traumatic brain injuries in Aboriginal patients was less than half

that for other older Australians (7.8% v 16.2%; P ¼ 0.010). There
was no statistically signiﬁcant difference in mortality following
hip and other fracture injuries. The small number of deaths of
Aboriginal people precluded statistical adjustment for sex and age
(Box 3).
Age-standardised hospitalisation rates
The age-standardised hospitalisation rate for all fall-related
injuries was higher for Aboriginal than for non-Indigenous
patients overall (SRR, 1.17; 95% CI, 1.11e1.23, P < 0.001); however,
the difference in annual rate was statistically signiﬁcant only for
2010 and 2011 (Box 4). Age-standardised hospitalisation rates for
hip fracture were similar for Aboriginal people and nonIndigenous patients (SRR, 0.91; 95% CI, 0.79e1.05; P ¼ 0.19), but
for patients with traumatic brain injury the rates were higher for
Aboriginal patients (SRR, 1.27; 95% CI, 1.24e1.30; P ¼ 0.026).
Hospitalisation rates for both populations increased over time, but
the increase was greater for Aboriginal patients (Box 4).
For Aboriginal people, fall injury hospitalisations increased during
2003e2011 at an annual rate of 5.8% (95% CI, 4.0e7.7%; P < 0.001);
for non-Indigenous patients, the mean annual increase was
2.5% (95% CI, 2.1e3.0; P < 0.001). Age-standardised rates of
hospitalisation of Aboriginal people for fall-related fractures
increased at a faster rate (annual increase, 3.0%; 95% CI, 0.5e5.6%;
P ¼ 0.020) than for other older Australians (annual increase, 0.7%;
95% CI, 0.3e1.1%; P ¼ 0.001). The rates of hospitalisation for fallrelated non-fracture injuries were similar for both populations,
but the rate of increase was greater for Aboriginal people
(Aboriginal, 9.2%; 95% CI, 6.9e11.5%; P < 0.001; non-Indigenous,
5.6%; 95% CI, 4.6e6.7%; P < 0.001).

Discussion
Most fall-related injury hospitalisations of Aboriginal people were
of people under 75. This is consistent with results from previous
research in NSW which found that 61% of Aboriginal people
hospitalised for fall injuries were 50e64 years old, compared with
23% of non-Indigenous patients.14 For all-cause hospitalisations
nationally, 14% of separations of Aboriginal people were for
patients aged 65 years or more, compared with 42% of separations
for other Australians.15
A lower proportion of Aboriginal than of non-Indigenous people
admitted to hospital with a fall-related injury had a fracture injury.
This difference, particularly marked for hip fractures, may be
linked to higher levels of obesity in the Aboriginal population. An
elevated body mass index is reported to increase bone mineral
density of the femoral neck in older people, protecting it from
fracture.16 Excess fat around the hip also absorbs and diverts

2 Length of hospital stay for fall-related injury hospitalisations of people aged 50 years or more, New South Wales, 2003e2012

Injury type

Aboriginal
Australians

P

9.1 (8.5e9.6)

14.0 (13.9e14.0)

0.001

25.6 (23.0e29.2)

26.5 (26.3e26.6)

0.89

Aboriginal
Australians

Non-Indigenous
Australians

P*

9.5 (9.3e9.7)

13.7 (13.7e13.7)

< 0.001

25.0 (24.8e25.3)

26.5 (26.5e26.5)

< 0.001

j

Non-Indigenous
Australians
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Mean length of stay (95% CI), adjusted for age
and sex, days

Mean length of stay (95% CI), days

All other fractures

9.9 (9.0e10.8)

13.7 (13.6e13.8)

< 0.001

9.2 (8.9e9.6)

13.8 (13.8e13.8)

< 0.001

Traumatic brain injury

9.6 (7.1e12.8)

12.8 (12.6e13.2)

0.43

10.4 (10.0e10.8)

12.9 (12.9e12.9)

< 0.001

All other non-fracture
injuries

4.4 (3.9e4.9)

7.1 (7.0e7.2)

0.006

4.8 (4.7e4.9)

7.1 (7.1e7.2)

< 0.001
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All fall-related injuries
Hip fracture
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3 Thirty-day mortality for fall-related injury hospitalisations
of people aged 50 years or more, New South Wales,
2003e2012
Aboriginal
Australians

Non-Indigenous
Australians

2660

310 098

All fall-related injuries

76 (2.9%)

13 034 (4.2%)

< 0.001

Hip fracture

18 (7.9%)

4535 (6.8%)

0.50

All other fractures

22 (2.2%)

2995 (2.4%)

0.70

Traumatic brain injury

10 (7.8%)

1988 (16.2%)

0.010

All other non-fracture
injuries

26 (3.1%)

3495 (2.1%)

0.041

Injury type
Number of
hospitalisations

4 Age-standardised fall-related injury rates of
hospitalisation of people aged 50 years or more,
New South Wales, 2003e2011*

P

energy in the event of an impact.17 Rates of obesity are higher
among older Aboriginal people, affecting 75% those aged 55 years
or more (v 59% of non-Indigenous Australians).17 The substantial
burden of early onset chronic health conditions in Aboriginal
populations, coupled with high mortality at younger ages,18 may
mean that those who survive to a higher age are the healthiest and
strongest members of their population, resulting in fewer
hospitalisations for health conditions associated with ageing,
such as hip fracture.
The proportion of fall-related non-fracture injury hospitalisations
was higher for Aboriginal than for non-Indigenous patients,
particularly non-fracture injuries to the head and neck. This type of
injury after a fall suggests that neuroprotective reﬂexes which
usually cause the person to break their fall with their arms are
impaired.19 An earlier study reported that the rate of head injuries
leading to hospitalisation (81% of which were caused by falls) was
1.7 times as high for Aboriginal people aged 60 years or more than
for other older Australians.20
Hospital LOS was shorter for all injury types for Aboriginal patients
than for non-Indigenous patients. A number of factors make hospitalisation traumatic for Aboriginal people and therefore favour an
earlier discharge, including separation from family and community
networks, communication and language barriers, and the fear of
dying away from home country.20,21 This raises questions about the
appropriateness of mainstream health care settings for providing
care to Aboriginal people. A small proportion of Aboriginal patients
discharged themselves from hospital (3.4%), but this was unlikely to
have markedly inﬂuenced the overall LOS for this group.
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We found that the frequency of death within 30 days of admission
was lower for older Aboriginal patients than for non-Indigenous
patients. The age distribution of hospitalised patients with a fall
injury may have contributed to this ﬁnding, with younger
Aboriginal people recovering more rapidly than older and frailer
non-Indigenous patients.

34

We also found that hospitalisation rates for fall injuries increased
about twice as quickly for Aboriginal people as for other older
Australians. This is consistent with the ﬁndings of a nationwide
study of people aged 65 years and older that reported fall-related
injury hospitalisations of Aboriginal people increased during
2007e2011 at 2.4 times the rate for non-Indigenous Australians.22
The
treatment-seeking
behaviour
of
Aboriginal
and
non-Indigenous Australians are strikingly different: Aboriginal
people use admitted patient services in public hospitals at four times
the rate of other Australians, but are admitted to private hospitals
less frequently.23 Past experience of discrimination and communication problems are reported to deter Aboriginal people from

* Data for 2012 were excluded because Indigenous population data were not
available to use for the denominator. u
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contacting mainstream health services.20 Fifty-two Aboriginal
Community Controlled Health Services (ACCHSs) operate in
NSW,24 many of which have the clinical facilities to treat less severe
fall-related injuries. These services potentially offer older Aboriginal
people an alternative to the hospital system for treatment.

Further research is needed to determine how hospital services could
more appropriately care for older Aboriginal people. Our results
could inform the design and implementation of fall prevention
programs for Aboriginal communities, as we identiﬁed speciﬁc risk
factors associated with falls by older Aboriginal people.

Strengths and limitations of the study
This is the ﬁrst study to speciﬁcally investigate fall injury hospitalisations and outcomes for older Aboriginal people in NSW. Its
population-based nature maximised its statistical strength, and the
relatively long study timeframe allowed temporal changes to be
assessed. Drawing on information from all hospitalisation records
for each individual increased the likelihood that all Aboriginal
patients were identiﬁed.

Conclusion
We found different patterns of injury for older Aboriginal people
and other older Australians. Fall injury hospitalisation rates rose
more rapidly during 2003e2011 for Aboriginal people than for
other older people. The difference may have been inﬂuenced by the
use of Aboriginal-speciﬁc health services instead of the general
hospital system, historical under-reporting of Aboriginal status on
presentation to medical services, and changes in reporting
practices.

Nevertheless, problems with correctly identifying Aboriginal
people presenting to health services are likely to have led to
underestimating the number of Indigenous patients. An AIHW
report released in 2010 noted that 11% of Indigenous people were
not identiﬁed correctly in their hospitalisation records; however,
the level of Indigenous identiﬁcation increased by 8% in NSW
public hospitals between 2005 and 2010.25 This may have
contributed to the increase in injury hospitalisation rates being
greater for Aboriginal than for non-Indigenous people. The APDC
is considered a reliable data source, and is routinely monitored and
checked for data quality, but minor discrepancies may be caused
by coding, clerical and data conversion errors.
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