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ABSTRACT 

Objectives: Frailty represents a loss of homeostasis, markedly increasing the risk of death and disability. 
Frailty has been measured in several ethnic groups, but not, to our knowledge, in Aboriginal Australians. 
We aimed to determine the prevalence and incidence of frailty, and associations with mortality and 
disability, in remote- living Aboriginal people. 
Study design: Between 2004 and 2006, we recruited 363 Aboriginal people aged :::45 years from 6 remote 
communities and one town in the Kimberley region of Western Australia (wave I). Between 20I I and 
2013, I82 surviving participants were followed-up (wave 2). We assessed frailty with an index, com­
prising 20 health-related items. Participants with :::4 deficits (frailty index :::0.2) were considered frail. 
Disability was assessed by family/carer report. Those unable to do :::2 of 6 key or instrumental activities 
of daily living were considered disabled. We investigated associations between frailty, and disability and 
mortality, with logistic regression and Cox proportional hazards models. 

Results: At wave I (WI), I 88 participants (65.3%) were frail, and of robust people at WI who participated 
in wave 2, 38 (51.4%) had become frail. Frailty emerged at a younger age than expected. A total of I 09 
people died (30.0%), of whom 80 (73.4%) were frail at WI. Frailty at WI was not associated with becoming 
disabled, but was associated with mortality (HR= 1.9; 95% Cl 1.2, 3.0). 
Conclusions: Frailty in remote- living Aboriginal Australians is highly prevalent; substantially higher than 
in other populations. Research to understand the underlying causes of frailty in this population, and if 
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Table  1
Demographic, lifestyle, and clinical characteristics of the cohort at wave 1 (2004–06) and at wave 2 (2011–13).

Characteristic Wave 1 (n = 363) Wave 2 (n = 182)

Total Non-frail Frail Total Non-frail Frail
n  (%) n (%) n (%) n (%) n (%) n (%)

Age (years)
45–49 71 (19.6) 32 (25.4) 39 (16.5) 0 (0.0) 0 (0) 0 (0)
50–59 124  (34.2) 45 (35.7) 79 (33.3) 79 (43.4) 31 (52.5) 48 (39.0)
60–69  71 (19.6) 25 (19.8) 46 (19.4) 42 (23.1) 15 (25.4) 27 (22.0)
70–79  67 (18.5) 19 (15.1) 48 (20.3) 38 (20.9) 10 (17.0) 28 (22.8)
80+  30 (8.3) 5 (4.0) 25 (10.6) 23 (12.6) 3 (5.1) 20 (16.3)

Sex
Male  165 (45.5) 68 (54.0) 97 (40.9) 72 (39.6) 21 (35.6) 51 (41.5)
Female  198 (54.5) 58 (46.0) 140 (59.1) 110 (60.4) 38 (64.4) 72 (58.5)

Some  formal schooling 219 (60.3) 88 (69.8) 131 (55.3) 118 (64.8) 42 (71.2) 76 (61.8)
Drink  alcohol35,5 134 (36.9) 58 (46.0) 76 (32.1) 50 (27.5) 18 (30.5) 32 (26.0)
Smoke  tobacco35,4 127 (35.0) 55 (43.7) 72 (30.4) 50 (27.5) 19 (32.2) 31 (25.2)
Chew  tobacco35,5 140 (38.6) 41 (32.5) 99 (41.8) 63 (34.6) 19 (32.2) 44 (35.8)
Poor  vision18,3 209 (57.6) 57 (45.2) 152 (64.1) 79 (43.4) 10 (17.0) 69 (56.1)
Poor  hearing18,5 61 (16.8) 6 (4.8) 55 (23.2) 37 (20.3) 2 (3.4) 35 (28.5)
Prior  stroke19,8 35 (9.6) 3 (2.4) 32 (13.5) 26 (14.3) 0 (0) 26 (21.1)
Diabetes19,12 135 (37.2) 31 (24.6) 104 (43.9) 90 (49.5) 20 (33.9) 70 (56.9)
Hypertension19,34 134 (36.9) 19 (15.1) 115 (48.5) 71 (39.0) 12 (20.3) 59 (48.0)
Heart  problem19,16 58 (16.0) 5 (4.0) 53 (22.4) 50 (27.5) 5 (8.5) 45 (36.6)
Kidney  problem19,17 47 (13.0) 5 (4.0) 42 (17.7) 45 (24.7) 7 (11.9) 38 (30.9)
Poor  mobility19,5 139 (38.3) 17 (13.5) 122 (51.5) 80 (44.0) 9 (15.3) 71 (57.7)
Pain20,8 199 (54.8) 43 (34.1) 156 (65.8) 100 (55.0) 17 (28.8) 83 (67.5)
Recent  fall20,10 71 (19.6) 6 (4.8) 65 (27.4) 45 (24.7) 4 (6.8) 41 (33.3)
Head  injury with loss of consciousness21,7 173 (47.7) 43 (34.1) 130 (54.9) 56 (30.8) 10 (17.0) 46 (37.4)
Incontinence20,9 60 (16.5) 6 (5.0) 54 (22.8) 50 (27.5) 7 (11.9) 43 (35.0)
KICA-Cog  ≤351,32 107 (29.5) 20 (15.9) 87 (36.7) 41 (22.5) 9 (15.3) 32 (26.0)
Feels  happy most of the time26,67*† 312 (86.0) 122 (96.8) 190 (80.2) 112 (61.5) 45 (76.3) 67 (54.5)
Sleeping  well at night27,71*† 302 (83.2) 118 (93.7) 184 (77.6) 102 (56.0) 42 (71.2) 60 (48.8)
Sleeping  all the time26,67* 36 (9.9) 9 (7.1) 27 (11.4) 14 (7.7) 2 (3.4) 12 (9.8)
Eating  properly25,67*† 319 (87.9) 122 (96.8) 197 (83.1) 107 (58.8) 45 (76.3) 62 (50.4)
Can  still do own work9,48*† 281 (77.4) 118 (93.7) 163 (68.8) 84 (46.2) 39 (66.1) 45 (36.6)
Can  still do activities they enjoy11,48*† 312 (86.0) 123 (97.6) 189 (79.8) 94 (51.7) 41 (69.5) 53 (43.1)
Can  shower themselves11,47*† 317 (87.3) 122 (96.8) 195 (82.3) 121 (66.5) 45 (76.3) 76 (61.8)
Frail  (frailty index ≥0.2) 237 (65.3) 0 (0) 237 (100) 123 (67.6) 0 (0) 123 (100)

11,51
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Disabled  (cannot do ≥2 I/ADLs) 54 (15.3) 2 (1.6) 

Note: Percentages calculated without excluding missing data (i.e., denominator is e
missing.  Column percentages are shown. Numerals in superscript denote number o
(*)  reported by family or carer. Items denoted (†)  are scored inversely in the frailty 

However, to our knowledge, no studies have investigated frailty
in Aboriginal Australians. In this study of remote-living Aboriginal
people, we aimed to: (i) determine the prevalence and incidence of
frailty; and, (ii) describe associations between frailty, and disabil-
ity and mortality. We  hypothesised the prevalence and incidence
of frailty would be higher than observed in other populations and
be present at a younger age, and that frailty would be associated
with increased mortality and development of disability.

2.  Methods

2.1. Setting and participants

This  was a cohort study of Aboriginal people living in the remote
Kimberley region of Western Australia (WA). A total of 363 par-
ticipants aged ≥45 years were originally recruited to investigate
dementia in this population between 2004 and 2006 (wave 1; W1)
from the communities of Ardyaloon, Junjuwa, Looma, Mowanjum,
Warmun, and Wirrimanu, and from the town of Derby (response
fraction: 94.3%). Because dementia is rare in younger individu-
als, only those aged ≥45 years were eligible to participate. While
enrolment to vote is compulsory in Australia, Aboriginal people

are under-represented on the electoral roll. It was therefore not
possible to obtain a random sample of Aboriginal people living
in the Kimberley. Instead, one town and a number of commu-
nities representative of the region were identified, and with the

Downloaded for Anonymous User (n/a) at Monash Health from ClinicalK
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52 (22.7) 38 (29.0) 5 (11.4) 33 (37.9)

sample), except for disability, which was not calculated when disability data were
le with missing data for that variable, for wave 1, and then wave 2. Items denoted

 I/ADLs = Instrumental Activities of Daily Living and/or Activities of Daily Living.

assistance  of local Aboriginal health and community services, a
sampling frame was constructed reflecting the 5 major language
families of this region. Participants were added to the sampling
frame if they were resident in the selected communities for at least
6 months of the year. All such participants living in the remote
communities were approached to participate, while one-third of
the town’s eligible population were randomly selected from the
sampling frame and invited to take part. The age distribution of
participants was representative of the general population, and the
study protocol is described in depth elsewhere [18,19]. Between
2011–2013 (wave 2; W2), 238 surviving participants were invited
to participate in a follow-up study, since 109 (30.0%) had died and
16 could not be located. Of 238 people invited, 189 participated,
and 182 (76.5%) provided sufficient information to assess frailty.

2.2.  Study design

At  each wave, research assistants administered a culturally-
appropriate questionnaire to participants and their family
members/carers (as applicable). Twenty items assessing health sta-
tus common to both waves were selected to construct a frailty index
(FI), following the methodology described by Searle and colleagues

[13]. As per Searle et al.’s guidance, deficits were defined as “symp-
toms, signs, disabilities and diseases”, the prevalence of which must
increase with age [13]. The FI was constructed by summing the
number of health deficits present in an individual, and dividing this

ey com au by Elsevier on May 30, 2019
019  Elsevier Inc  All rights reserved
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Fig. 1. Distribution of the frailty index at wave 1 (A) and wave 2 (B). 

by the number of possible deficits (n = 20). If missing data existed
for an item, the denominator was reduced by 1 accordingly. The
items chosen to construct the FI, along with the scoring schema,
are provided as supplementary material (Supplementary Tables 1
and 2). These items, excluding those which are not health deficits
(age, sex, schooling, alcohol and tobacco use, and the number of
frail and disabled people), are also shown in Table 1. Those with ≥4
deficits (FI ≥0.2) were considered frail.

Disability was assessed by counting the number of 6 basic activ-
ities of daily living and/or instrumental activities of daily living
(I/ADLs) common to both waves that participants were unable to
perform (Supplementary Tables 3 and 4). Those unable to do ≥2
I/ADLs were considered to have a disability.

Approval to conduct this study was obtained from the commu-
nities involved; the Kimberley Aboriginal Medical Services Council;
Kimberley Aged and Community Services; the Kimberley Aborig-
inal Health Planning Forum Research Subcommittee; the Human
Research Ethics Committee of the University of Western Australia;
the WA  Aboriginal Health Ethics Committee; and the Department
of Health WA  Human Research Ethics Committee. All participants
provided written informed consent.

2.3. Primary outcome measures

We  examined the FI at both time-points to determine the preva-
lence of frailty at W1 and W2,  and incidence of frailty at W2.
We calculated prevalence and incidence of disability similarly. We
obtained mortality data from the WA  Data Linkage System, which
links together the state’s population health collections, including all
deaths registered in the state [20]. We  obtained death records to
August 2013—approximately 2 months after W2.  From these data,
we performed survival analyses and calculated mortality incidence.
One person could not be linked; mortality analyses were therefore
restricted to the remaining 362 participants.

2.4. Statistical analysis

We  analysed the data with the Stata statistical package, ver-
sion 11.2 (StataCorp, College Station, Texas). Summary statistics
for demographic and clinical data for each wave are presented as

the number and proportion of people who answered in the affirma-
tive for each particular variable. When calculating proportions with
95% confidence intervals, we used the binomial (exact) method.
We used binary logistic regression to investigate whether frailty

3

l
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Note: Dashed line denotes cut-off for frailty (frailty index ≥0.2)

t  W1  was  associated with becoming disabled at W2,  and Cox
roportional hazards models to ascertain whether frailty at W1
as associated with all-cause mortality. We assessed the Schoen-

eld residuals to confirm the proportional hazards assumption. We
nitially performed univariate binary logistic and Cox regression
o determine variables associated with the outcomes of interest.
n addition to frailty status at W1,  variables tested comprised
he following lifestyle and demographic factors: age; sex; educa-
ion; alcohol use; smoking; and chewing tobacco. We then entered
ll variables significant in univariate analyses into multivariate
odels, and subsequently removed non-significant variables in a
anual, backwards manner. We  considered p values < 0.05 statis-

ically significant.

.  Results

Sociodemographic and clinical characteristics of the cohort are
hown in Table 1. The mean follow-up time for the assessment of
railty (n = 182) was  6.7 ± 0.7 years (range: 5.2–7.9 years), while for

ortality (n = 362), it was 6.8 ± 2.2 years (range: 0.1–9.0 years). The
ean age of participants was  60.7 ± 11.9 years (range: 45–96 years)

t W1,  and 65.6 ± 10.7 years (range: 50–93 years) at W2.

.1. Prevalence of frailty and disability

More than half the cohort was frail at both time-points (Fig. 1).
he mean FI was 0.3 ± 0.2 at both W1 and W2,  exceeding the cut-
ff of 0.2. The prevalence of frailty at W1  was 65.3% (95% CI 60.1,
0.2%), while at W2  it was 67.6% (95% CI 60.3, 74.3%). Although the
revalence of frailty between time-points was almost unchanged,
ortality was high among people frail at baseline. Between W1  and
2,  30.0% (n = 109) of the original sample died, and of these, 73.4%

n = 80) were frail at W1.
In  contrast, a marked difference in disability was  observed

etween waves. At W1,  the prevalence of disability was  15.3% (95%
I 11.7, 19.5%). At W2,  this had increased to 29.0% (95% CI 21.4,
7.6%). As with frailty, mortality was also high in those disabled
t W1,  with 76.2% (n = 32) of these individuals dying before W2
Table 2).
.2.  Prevalence of frailty and disability by age

The prevalence of frailty was high in all age groups at base-
ine. Even in the youngest age group (45–49 years), 54.9% met

om au by Elsevier on May 30, 2019
 Elsevier Inc  All rights reserved
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Table  2
Prevalence of frailty and disability by age group, at wave 1 (2004–06) and at wave
2 (2011–13).

Age (years) Prevalence of frailty

Wave 1 (n = 363) Wave 2 (n = 182)
% (95% CI) %  (95% CI)

45–49 54.9 (42.7, 66.8) N/A
50–59  63.7 (54.6, 72.2) 60.8 (49.1, 71.6)
60–69  64.8 (52.5, 75.8) 64.3 (48.0, 78.4)
70–79  71.6 (59.3, 82.0) 73.7 (56.9, 86.6)
80+  83.3 (65.3, 94.4) 87.0 (66.4, 97.2)

Age  (years) Prevalence of disability

Wave 1 (n = 352) Wave 2 (n = 131)
% (95% CI) % (95% CI)

45–49 2.9 (0.3, 9.9) N/A
50–59  8.5 (4.2, 15.2) 14.5 (6.5, 26.7)
60–69  18.8 (10.4, 30.1) 20.7 (8.0, 39.7)
70–79 19.7  (10.9, 31.3) 37.9 (20.7, 57.7)
80+  53.3 (34.3, 71.7) 72.2 (46.5, 90.3)

Note: Prevalence of disability calculated only in those individuals without missing
I/ADL data (i.e., all 6 key I/ADL measures were completed in the questionnaire). No
participants were aged 45–49 years at wave 2. CI = confidence interval.

Table  3
Change in frailty and disability between wave 1 (2004–06) and wave 2 (2011–13).

Frailty status at wave 2

Not frail Frail Deceased
Frailty status at wave 1 n (%) n (%) n (%)

Not frail 36 (34.9) 38 (36.9) 29 (28.2)
Frail 23 (12.2) 85 (45.2) 80 (42.6)

Disability status at wave 2

No disability Disabled Deceased
Disability status at wave 1 n (%) n (%) n (%)

No disability 86 (45.3) 30 (15.8) 74 (38.9)

a much younger age than has been observed in the general pop-
ulation. Frailty was a strong predictor of all-cause mortality, but

RCD.9999.0069.0034
Disabled 2 (4.8) 8 (19.0) 32 (76.2)

Note: Row percentages are shown.

the criteria for frailty. As expected, frailty prevalence was  higher
with older age, reaching 83.3% in those aged ≥80 years. Data were
similar at W2.  The association between age and disability was sim-
ilar to frailty, although less pronounced. Disability was  present in
2.9% of those aged 45–49, reaching 53.3% in the oldest age group.
However, unlike frailty, the prevalence of disability rose between
time-points. For example, increasing from 53.3% at W1,  to 72.2% at
W2  in those aged ≥80 years.

3.3. Incidence of frailty and disability

Stability of frailty and disability between waves is shown in
Table 3. People who were not frail at W1  were almost equally likely
to remain robust, become frail, or die. However, those who were
already frail at baseline were unlikely to revert to a non-frail state
(n = 23; 12.2%), and were almost equally likely to die (n = 80; 42.6%)
or remain frail (n = 85; 45.2%). The incidence proportion of frailty
was 51.4%.

Those without a disability fared better, although mortality
remained high at 38.9%. However, those already disabled at base-
line were unlikely to revert to a non-disabled state (n = 2; 4.8%), and

the majority (76.2%) died. The incidence proportion of disability
was 25.9%.

Downloaded for Anonymous User (n/a) at Monash Health from ClinicalK
For personal use only  No other uses without permission  Copyright ©2
Fig. 2. Kaplan-Meier survival curves showing the association between frailty and
all-cause mortality.

3.4. Association between frailty and disability

In binary logistic regression models, being frail at W1 was
not a statistically significant predictor of developing a disability
before W2  (odds ratio [OR] = 1.1; 95% CI 0.5, 2.6), nor was male sex
(OR = 1.7; 95% CI 0.7, 3.9), alcohol use (OR = 0.7; 95% CI 0.3, 1.9),
smoking (OR = 0.7; 95% CI 0.3, 1.7), or chewing tobacco (OR = 1.2;
95% CI 0.5, 2.8). However, confidence intervals were large owing to
the modest number of participants in these models (n = 122–126).
Increasing age (entered as a continuous variable) was associated
with becoming disabled (OR = 1.09; 95% CI 1.05, 1.14), as was  for-
mal  schooling (OR = 0.2; 95% CI 0.1, 0.5). However, after adjustment,
increasing age was  the sole predictor of disability.

3.5. Mortality incidence and association with frailty

Frailty at baseline was associated with all-cause mortality
(Fig. 2). In univariate Cox proportional hazards models, frailty at
W1  was associated with mortality (hazard ratio [HR] = 1.9; 95% CI
1.2, 3.1), as was increasing age (HR = 1.05; 95% CI 1.03, 1.07), male
sex (HR = 2.1; 95% CI 1.4, 3.1), formal schooling (HR = 0.5; 95% CI
0.3, 0.7), and chewing tobacco (HR = 1.5; 95% CI 1.0, 2.2). Drinking
alcohol (HR = 1.0; 95% CI 0.7, 1.6), and smoking (HR = 1.1; 0.7, 1.7)
were not significantly associated. In a multivariate model, frailty at
W1  (HR = 1.9; 95% CI 1.2, 3.0), age (HR = 1.05; 95% CI 1.04, 1.07), and
male sex (HR = 2.6; 95% CI 1.7, 3.9) remained associated with mor-
tality. After adjustment for age and sex, each 1-unit increase in the
number of deficits was  associated with a 14% increase in mortality
risk (95% CI 1.1, 1.2).

The  overall incidence of all-cause mortality in the cohort was
40.4 deaths (95% CI 33.2, 49.1) per 1000 person-years (2,475.3
person-years total). The 5-year mortality risk for those who were
not frail at W1  was  8.7% (95% CI 4.9, 15.2%), while for frail individ-
uals, it was  22.9% (95% CI 18.0, 28.8%).

4. Discussion

In this study of remote-living Aboriginal Australians, we found
a very high prevalence and incidence of frailty and disability, at
not disability. However, the high mortality of frail individuals at
baseline may  explain this. i.e., once frail, participants were likely to

ey com au by Elsevier on May 30, 2019
019  Elsevier Inc  All rights reserved
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die before they could reach a disabled state, or proceeded quickly
through a disabled state to death before follow-up.

Notable was the strong protective association between educa-
tion and disability, although this was attenuated by age. Education
is an important social determinant of health, ultimately affect-
ing other key factors such as access to employment, income, and
enabling people to make better informed health decisions (par-
ticularly with regard to smoking and nutrition). Only 60% of the
cohort had received some formal education, the majority of which
was limited to primary education. With regard to Australia as a
whole, only half of Aboriginal and Torres Strait Islander students
completed their twelfth year of schooling in 2011, compared with
81% of non-Indigenous students [3]. Retention rates in the Kimber-
ley region are markedly lower. There is an urgent need to improve
the quality of, and access to education services in this region, and to
develop strategies to address cultural and other barriers to improve
retention rates.

We  previously analysed the prevalence of frailty in a population-
based cohort of older men  living in Perth, the state capital [17]. In
that study, in which 3616 men  aged 70–88 years were followed for
a mean of 5 years, 15.2% were frail at baseline, increasing to 23.0% at
follow-up (ages 76–93 years). In contrast, in this study, the preva-
lence of frailty in the youngest age group (45–49 years) was  54.9% −
more than twice the figure observed at follow-up (age ≥76 years)
in the general male population [17]. Comparisons to other non-
Aboriginal populations are similar. Other studies of frailty in men,
women, and both sexes aged ≥60 years, report prevalence data
ranging from 6.9% to 19% [5,10,12,14,21,22], although a review of
frailty in developing countries report rates up to 31% in Brazil and
China [23] that supports the influence of socioeconomic factors
[24]. In one of the largest studies of frailty, Fried and colleagues
studied 5317 men  and women aged ≥65 years, and reported a
prevalence of 6.9%, and four-year incidence proportion of 7.2% [5].

Why, then, is the prevalence and incidence of frailty so much
higher in Aboriginal Australians? Higher rates of chronic disease
and accidents [2] are likely contributors, as are psychosocial stress-
ors. Poor psychological well-being and limited sense of control are
associated with frailty and may  potentiate the association with
mortality [25,26]. Additionally, health deficits begin in this popula-
tion in utero. e.g., Aboriginal babies are twice as likely to be of low
birthweight than their non-indigenous counterparts [2], and have
reduced renal volume [27]. Additionally, conditions now seldom
seen in the general population (such as rheumatic heart disease and
trachoma), remain endemic in remote Aboriginal communities [2].
Barriers to health services [3], could also contribute. Remote-living
Aboriginal people often lack access to medical services such as den-
tistry, probably reflected in the high prevalence of dental caries,
periodontal disease, and tooth loss in this population [28,29]. Poor
dentition has been postulated as a risk factor in the frailty cascade,
leading to decreased appetite, malnutrition, and sarcopaenia [5,8].
Barriers to health care are further compounded when disability is
present. Approximately half of Aboriginal people with a severe core
activity limitation report difficulty accessing medical, dental, legal,
transport, and employment services [2,30]. Cohort effects must also
be considered, given health services available to remote commu-
nities have hitherto been more limited, affecting morbidity. The
aetiology of frailty is almost certainly multifactorial, likely resulting
from accumulated insults to the body, together with other factors.
Some argue that frailty better characterises the ageing phenotype
than age itself [15]. Our results, together with the observation that
many chronic diseases emerge earlier in Aboriginal Australians [2],
suggest the ageing process is accelerated in this population.
Frailty  is consistently associated with mortality, being estimated
that up to 5% of deaths might be delayed if frailty could be prevented
[31]. Mitnitski et al. reported that for each additional health deficit,
mortality risk increased by 4% [32]. In our study, the risk was 14%
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er  deficit, implying that frailty is associated with a greater burden
f mortality in an Aboriginal population.

Strengths of our study include a representative sample, high
esponse fractions (94.3% at W1  and 76.5% at W2), electronic record
inkage to capture mortality, minimum follow-up of 5 years, and
se of questionnaires specifically developed and/or adapted for this
opulation. To our knowledge, this is the first such study of frailty

n any Indigenous population in the world. Limitations include the
odest sample size (given the difficulty and cost of field work in

emote locations this is difficult to overcome), and the possibility
f recall and response bias. Aspects of the latter (e.g., acquies-
ence bias) were hopefully minimised by use of trained Aboriginal
esearch assistants in the field. Non-response bias (specifically at

2)  is possible, and thus we  may have somewhat overestimated
revalence and incidence of frailty. However, non-response was
elatively low, particularly at W1  (when the prevalence of frailty
as already very high). Furthermore, we  have recently shown that
on-response probably results in the underestimation of frailty

n the general population, as non-respondents are more likely to
e frail [33]. Whether this is also true for Aboriginal people is
nknown, although in this study non-responders were more likely
o be frail at baseline than responders (67.7% vs. 59.8%). However,
his was  based on relatively small numbers and did not reach sta-
istical significance. An additional limitation of this study is our use
f a frailty index comprising only 20 items. Adding further items to
he index will improve its precision, up to a point [13]. Nonetheless,
iven the purpose of the original study (to investigate dementia in
his population) we had a limited number of general health-related
tems to choose from. Of these, we selected all that were relevant.
owever, at the second wave of the study, participants answered

 questionnaire assessing a wider range of health domains. At this
ime-point, it was  possible to construct a larger frailty index (com-
rising 8 additional items). Owing to the longitudinal nature of
his study, we  were required to use the same frailty index at both
aves, and hence could not use the larger frailty index. However,

o investigate what the effect of using a larger frailty index might
e, we compared the prevalence of frailty at wave 2 using the two

ndexes. Reassuringly, there was  no statistically significant differ-
nce in the prevalence of frailty (69.8% with the larger index vs.
7.6% with the original), suggesting that our original 20-item index

s a robust measure. Some participants had missing data for the
railty index, but excluding these participants left our results essen-
ially unchanged. At wave 1 there were 30 people (8.3%) with more
han 4 missing items in the frailty index, while at wave 2 there
ere 69 people (37.9%) with more than 4 missing items. Exclud-

ng these participants changed the proportion of frail individuals
t wave 1 from 65.3% to 63.1%, while at wave 2, the proportion
hanged from 67.6% to 62.8%. A final issue to consider is our choice
f a cut-off of 0.2 to indicate frailty. We followed Searle et al.’s
uidance in this regard, although cut-points as high as 0.25 have
een suggested [12]. If we were to apply this higher cut-off to our
ample, the prevalence of frailty at wave 1 changes from 65.3% to
9.0%. While significantly lower, the prevalence remains astonish-

ngly high given the age of our sample, being comparable to either a
ery  elderly or institutionalised population. We  acknowledge that
he prevalence of frailty reported may  have been influenced by the

easurement tool used. It is particularly difficult to speculate on
he Fried frailty phenotype as it relies on grip strength and we did
ot measure this factor, nor are there norms in Aboriginal popula-
ions. Both the Frailty Index and the Fried scale have been shown to
omparably identify older people at risk of death and correlate well
ith each other, [12,34] but there are large variation in population

RCD.9999.0069.0
revalence even for similar types of populations [35]
In  conclusion, remote-living Aboriginal Australians are more

ikely to be, or become frail, than the general population. Frailty
as also associated with very high mortality. The prevalence and

om au by Elsevier on May 30, 2019
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incidence of disability were also high, but less so than frailty,
suggesting there may  be greater need for programs targeting
frailty and ageing-related support than disability. Our work high-
lights an urgent need for further research with Aboriginal people
to determine the factors associated with the development of
frailty (which may  be different from those in the general popu-
lation), and to investigate frailty in Aboriginal Australians in urban
settings and other indigenous populations. Finally, research to
develop culturally-appropriate programs to prevent or perhaps
even reverse frailty in this population should be prioritised.

Disclosure statement

The  authors have no conflicts of interest to declare.

Funding statement

This  research was funded by the National Health and Medical
Research Council (NHMRC) of Australia (project grant numbers:
219194, 353612, and 634486). The NHMRC had no role in the study
design, collection, analysis, and interpretation of data, in the writ-
ing of the manuscript, or the decision to submit the manuscript for
publication.

Author contributions

Dina  Lo Giudice, Leon Flicker, Kate Smith, Stephen Fenner, and
David Atkinson conceived and designed the study. Zoë Hyde per-
formed the statistical analyses and wrote the initial draft of the
manuscript. Dina Lo Giudice, Leon Flicker, Stephen Fenner, Linda
Skeaf, and Roslyn Malay collected the data. All authors reviewed
and revised the manuscript for intellectual content, and provided
approval for its submission.

Peer  review

Peer  review was coordinated by Professor Margaret Rees inde-
pendently of Leon Flicker, an author and Maturitas editor, who  was
blinded to the process.

Acknowledgements

We  gratefully acknowledge the assistance of the many com-
munity members living in Derby, Ardyaloon, Warmun, Wirrimanu,
Looma, Junjuwa and Mowanjum who participated in this project.

Appendix  A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.maturitas.2016.
02.013.

References

[1] Australian Bureau of Statistics, (2013). Estimates of Aboriginal and Torres
Strait Islander Australians, 2011.

[2]  Australian Institute of Health and Welfare, The Health and Welfare of
Australia’s Aboriginal and Torres Strait Islander People, an Overview 2011,
AIHW, Canberra, 2011.

[3] Australian Institute of Health and Welfare, Australia’s Health 2014, AIHW,
Canberra, 2014.

[4] T.B. Kirkwood, Understanding ageing from an evolutionary perspective, J.
Intern. Med. 263 (2008) 117–127.
[5] L.P. Fried, C.M. Tangen, J. Walston, A.B. Newman, C. Hirsch, J. Gottdiener, et al.,
Frailty in older adults: evidence for a phenotype, J. Gerontol. A: Biol. Sci. Med.
Sci. 56 (2001) M146–56.

[6] A. Clegg, J. Young, S. Iliffe, M.O. Rikkert, K. Rockwood, Frailty in elderly people,
Lancet 381 (2013) 752–762.

[

Downloaded for Anonymous User (n/a) at Monash Health from ClinicalK
For personal use only  No other uses without permission  Copyright ©2
 87 (2016) 89–94

[7]  K. Rockwood, D.B. Hogan, C. MacKnight, Conceptualisation and measurement
of frailty in elderly people, Drugs Aging 17 (2000) 295–302.

[8] N. Ahmed, R. Mandel, M.J. Fain, Frailty: an emerging geriatric syndrome, Am.  J.
Med.  120 (2007) 748–753.

[9] L. Bibas, M. Levi, M.  Bendayan, L. Mullie, D.E. Forman, J. Afilalo, Therapeutic
interventions for frail elderly patients: part I. Published randomized trials,
Prog. Cardiovasc. Dis. 57 (2014) 134–143.

10]  S. Rochat, R.G. Cumming, F. Blyth, H. Creasey, D. Handelsman, D.G. Le Couteur,
et al., Frailty and use of health and community services by
community-dwelling older men: the Concord Health and Ageing in Men
Project, Age Ageing 39 (2010) 228–233.

11]  S. Ilinca, S. Calciolari, The patterns of health care utilization by elderly
Europeans: frailty and its implications for health systems, Health Serv. Res. 50
(2015) 305–320.

12] K. Rockwood, M.  Andrew, A. Mitnitski, A comparison of two approaches to
measuring frailty in elderly people, J. Gerontol. A: Biol. Sci. Med. Sci. 62 (2007)
738–743.

13] S.D. Searle, A. Mitnitski, E.A. Gahbauer, T.M. Gill, K. Rockwood, A standard
procedure for creating a frailty index, BMC  Geriatr. 8 (2008) 24.

14] S. Kim, J.L. Park, H.S. Hwang, Y.P. Kim, Correlation between frailty and
cognitive function in non-demented community dwelling older Koreans,
Korean J. Fam. Med. 35 (2014) 309–320.

15]  A. Kulminski, A. Yashin, K. Arbeev, I. Akushevich, S. Ukraintseva, K. Land, et al.,
Cumulative index of health disorders as an indicator of aging-associated
processes  in the elderly: results from analyses of the National long Term Care
Survey, Mech. Ageing Dev. 128 (2007) 250–258.

16]  I.C. Wu,  X.Z. Lin, P.F. Liu, W.L. Tsai, S.C. Shiesh, Low serum testosterone and
frailty in older men and women, Maturitas 67 (2010) 348–352.

17] Z. Hyde, L. Flicker, O.P. Almeida, G.J. Hankey, K.A. McCaul, S.A. Chubb, et al.,
Low free testosterone predicts frailty in older men: the health in men study, J.
Clin. Endocrinol. Metab. 95 (2010) 3165–3172.

18]  K. Smith, L. Flicker, N.T. Lautenschlager, O.P. Almeida, D. Atkinson, A. Dwyer,
et al., High prevalence of dementia and cognitive impairment in Indigenous
Australians, Neurology 71 (2008) 1470–1473.

19]  D.C. LoGiudice, K. Smith, D. Atkinson, A. Dwyer, N. Lautenschlager, O.A.
Almeida, et al., Preliminary evaluation of the prevalence of falls, pain and
urinary incontinence in remote living Indigenous Australians over the age of
45 years, Intern. Med. J. 42 (2012) e102–7.

20]  C.D. Holman, A.J. Bass, D.L. Rosman, M.B. Smith, J.B. Semmens, E.J. Glasson,
et al., A decade of data linkage in Western Australia: strategic design,
applications and benefits of the WA data linkage system, Aust. Health Rev. 32
(2008) 766–777.

21] S.E. Ramsay, D.S. Arianayagam, P.H. Whincup, L.T. Lennon, J. Cryer, A.O.
Papacosta, et al., Cardiovascular risk profile and frailty in a population-based
study  of older British men, Heart 101 (2015) 616–622.

22] C.R. Gale, C. Cooper, A. Aihie Sayer, Prevalence of frailty and disability:
findings  from the English Longitudinal Study of Ageing, Age Ageing 44 (2015)
162–165.

23]  T.N. Nguyen, R.G. Cumming, S.N. Hilmer, A review of frailty in developing
countries, J. Nutr. Health Aging 19 (2015) 941–946.

24]  K. Harttgen, P. Kowal, H. Strulik, S. Chatterji, S. Vollmer, Patterns of frailty in
older adults: comparing results from higher and lower income countries
using the Survey of Health, Ageing and Retirement in Europe (SHARE) and the
Study on Global AGEing and Adult Health (SAGE), PLoS One  8 (2013) e75847.

25]  M.K. Andrew, J.D. Fisk, K. Rockwood, Psychological well-being in relation to
frailty: a frailty identity crisis, Int. Psychogeriatr. 24 (2012) 1347–1353.

26] E. Dent, E.O. Hoogendijk, Psychosocial factors modify the association of frailty
with adverse outcomes: a prospective study of hospitalised older people,
BMC Geriatr. 14 (2014) 108.

27] W.  Hoy, Renal disease in Australian Aborigines, Nephrol. Dial. Transplant 15
(2000) 1293–1297.

28] K. Roberts-Thomson, Oral health of Aboriginal Australians, Aust. Dent. J. 49
(2004) 151–153.

29] N. Martin-Iverson, A. Phatouros, M. Tennant, A brief review of indigenous
Australian health as it impacts on oral health, Aust. Dent. J. 44 (1999) 88–92.

30]  Australian Institute of Health and Welfare, Aboriginal and Torres Strait
Islander People with Disability: Wellbeing, Participation and Support, AIHW,
Canberra, 2011.

31] T. Shamliyan, K.M. Talley, R. Ramakrishnan, R.L. Kane, Association of frailty
with survival: a systematic literature review, Ageing Res. Rev. 12 (2013)
719–736.

32] A. Mitnitski, X. Song, I. Skoog, G.A. Broe, J.L. Cox, E. Grunfeld, et al., Relative
fitness and frailty of elderly men  and women in developed countries and their
relationship with mortality, J. Am. Geriatr. Soc. 53 (2005) 2184–2189.

33] K.A. McCaul, O.P. Almeida, P.E. Norman, B.B. Yeap, G.J. Hankey, J. Golledge,
et al., How many older people are frail? Using multiple imputation to
investigate frailty in the population, J. Am. Med. Dir. Assoc. 16 (439) (2015)
e1–7.

RCD.9999.0069
35] K. Bouillon, M. Kivimaki, M.  Hamer, S. Sabia, E.I. Fransson, A. Singh-Manoux,
et  al., Measures of frailty in population-based studies: an overview, BMC
Geriatr. 13 (2013) 64.

ey com au by Elsevier on May 30, 2019
019  Elsevier Inc  All rights reserved


