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Abstract

Background: This study estimated the incidence of major amputation for people in North Queensland, Australia,
examined changes in amputation rates over time and investigated survival after major amputation.

Methods: This was a retrospective study of patients who underwent a major amputation above the ankle between
2000 and 2015. Major amputation rates and incidence rate ratios (IRR) were calculated using census data to define
the at-risk population. Associations between risk factors and calendar year with major amputation were assessed
using quasipoisson regression. Kaplan-Meier survival and Cox-proportional hazard analyses estimated the incidence
of and risk factors for all-cause mortality.

Results: The annual incidence of major amputation was estimated to be greater in Aboriginal and Torres Strait
Islanders than non-Indigenous people (IRR 2.75, 95 % CI 1.92 to 3.84). After adjusting for population growth, the
annual incidence of major amputations did not change significantly over time for either groups. Aboriginal and
Torres Strait Islander people were at greater risk of all-cause mortality after major amputation compared to non-
Indigenous people, although this association was not significant after adjusting for other risk factors (hazard ratio
1.24, 95 % CI 0.82 to 1.90).

Conclusions: The incidence of major amputation in North Queensland has not reduced over time, indicating the
need for better preventative treatments, particularly in Aboriginal and Torres Strait Islander people.
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Background
Lower extremity amputations, including excision of toes
(usually referred to as minor amputation) and amputa-
tions above the ankle (usually referred to as major am-
putation), are significant complications of diabetes-
related peripheral neuropathy and peripheral artery dis-
ease (PAD) [1]. Individuals that undergo a major ampu-
tation have reduced quality of life and approximately
three fold higher risk of mortality than people who have
not undergone a major amputation [2]. There is consid-
erable variation in amputation rates in different geo-
graphical locations [1]. The reported cumulative age-
adjusted incidence of first lower extremity amputations
in the United Kingdom ranges from 5 to 176 per 100,
000 across different centres [1].
Recent studies have suggested a decline in major am-

putation rates despite a rise in the prevalence of diabetes
[1, 3]. A report from Queensland Australia has suggested
a significant 45 % decrease in diabetes-related major am-
putations between 2005 and 2010 [4]. There has been
limited study of trends in major amputation rates in
high-risk sub-populations, such as Aboriginal and Torres
Strait Islander people. Census data suggest that Aborigi-
nal and Torres Strait Islander people represent approxi-
mately 3 % of the total Australian population [5].
Aboriginal and Torres Strait Islander people more fre-
quently have risk factors for major amputation, such as
PAD [6], diabetes, end-stage renal disease [7] and smok-
ing [8]. A study from Western Australia reported that
Aboriginal and Torres Strait Islander people with dia-
betes were approximately 40 times more likely to
undergo a major amputation compared to non-
Indigenous people with diabetes during the years 2000
to 2008 [9]. Similarly, in a centre in Cairns, Australia,
where approximately 10 % of the population are Aborigi-
nal or Torres Strait Islander people [10], 52 % of major
amputations between 1998 and 2008 occurred in this
group [11]. Collectively, these data highlight a high inci-
dence of major amputation in Aboriginal and Torres
Strait Islander people [12]. There has been no previous
study of trends in major amputation rates over time in
this population or comparison of clinical outcomes be-
tween Aboriginal and Torres Strait Islander people and
non-Indigenous people having major amputations. Such
data are important in order to assess whether current
services for the high-risk foot are achieving their goals.
The current study was focused in North Queensland,
Australia where the prevalence of diabetes-related foot
disease is reported to be high [11, 13]. This study aimed
to assess the annual incidence of and trends over time in
major amputation for Aboriginal and Torres Strait Is-
lander and non-Indigenous people in North Queensland.
The study also aimed to identify significant risk factors
for major amputation and compare the survival of

Aboriginal and Torres Strait Islander and non-
Indigenous people after major amputation.

Methods
Design
This was a retrospective study performed by assessing
hospital records on all patients who underwent a non-
traumatic major amputation at The Townsville Hospital
and Health Service (THHS) between 2000 and 2015.
The THHS is the main tertiary centre and health service
for Northern Queensland. It has a geographical coverage
of approximately 148,000 square kilometres and serves
approximately 4.8 % of the total Queensland population
[14]. Approximately 8 % of individuals residing in this
region are of Aboriginal and Torres Strait Islander des-
cent, which is nearly double the average for Queensland
[14]. Ethical approval was granted from the Townsville
Hospital and Health Services Ethics Committee (HREC/
13/QTHS/125) and this included a patient consent wai-
ver, which was required due to the retrospective design
of the study [15, 16]. A 5-member Aboriginal and Torres
Strait Islander reference committee from James Cook
University was consulted for approval of the research as
previously described [13]. All methods were carried out
in accordance with relevant guidelines and regulations.
Patients who underwent a major amputation (including
above the knee amputation [AKA], below the knee am-
putation [BKA], or hindquarter amputation [HQA])
were included. Patients who underwent these operations
were identified from the operating rooms management
system (ORMIS). Aboriginal and Torres Strait Islander
status was based on self-identification by patients at the
time of admission. These data were extracted from hos-
pital records.

Measures
Clinical characteristics collected for each patient in-
cluded: age at the time of amputation; sex; history of
diabetes, hypertension, PAD, ischaemic heart disease
(IHD) and end-stage renal disease (ESRD); and operation
type. Hypertension and diabetes were defined by history
or medical treatment for these conditions. IHD was de-
fined by a history of myocardial infarction, angina or
coronary revascularization. ESRD was defined by re-
quirement for dialysis. PAD was defined by an ankle-
brachial index (ABI) < 0.9 and/or imaging demonstrating
stenosis or occlusion of the lower limb arteries as previ-
ously described [14, 15]. Operative data were obtained
from the ORMIS. Clinical characteristics and follow-up
data were retrieved from out-patient visits, hospital chart
reviews and inpatient admissions as previously described
[14, 15]. Data from these sources were reviewed by the
investigators to ensure their accuracy. The primary out-
come recorded from follow-up data was all-cause
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mortality which was defined to include deaths from any
cause. If a patient did not die their follow-up was cen-
sored at the date of their last recorded hospital visit. The
secondary outcome recorded was the requirement for
contralateral major amputation.

Statistical analysis
The annual, population-standardised incidence of major
amputation in relation to Aboriginal and Torres Strait
Islander status, age and diabetes status was estimated
with the following assumptions about the population
serviced by the THHS:

i) It included 217,893 individuals located in
Townsville, Charters Towers, Ingham, Cardwell,
Ayr, Magnetic and Palm Islands, Home Hill,
Hughenden and Richmond [14] based on the 2011
Australian Bureau of Statistics Census [17];

ii) 15,409 individuals were Aboriginal or Torres Strait
Islander people and 189,684 were non-Indigenous
based on the 2011 Australian Bureau of Statistics
Census [17]. Individuals that did not state Aborigi-
nal or Torres Strait Islander Status (n = 12,800)
were re-assigned to the Aboriginal and Torres Strait
Islander people or non-Indigenous categories in
proportion to the numbers recorded for those who
did report Aboriginal or Torres Strait Islander sta-
tus (i.e. in the ratio 15,409: 189,684 for Aboriginal
and Torres Strait Islander and non-Indigenous
people, respectively).

iii) The numbers of at-risk individuals (i.e. Aboriginal
and Torres Strait Islander and non-Indigenous
people with and without diabetes) in different age
groups (0–34; 35–44; 45–54; >55) were estimated
using state-wide diabetes prevalence rates reported
by the Australian Bureau of Statistics [18]. The age
categories used were chosen to match the age clas-
sifications provided by the available state-wide dia-
betes prevalence rates [18];

iv) Since an estimate of the at-risk population size was
only available for the calendar year 2011, the at-risk
population for the remaining years in the study
period was estimated assuming constant population
growth. In particular, estimates of the at-risk popu-
lation sizes backward in time to the year 2000 and
forward in time to the year 2015 were generated as-
suming a 2 % (multiplicative) annual decrease or in-
crease in the baseline 2011 value (in line with the
estimated annual population growth rate in the
THHS catchment over this period [19]) across all
groups.

A reported weakness of the Australian census is an
under-estimate of the number of Aboriginal and Torres

Strait Islander people (approximately 14.7 %, standard
error 2.6 %) for Queensland [5]. Sensitivity analyses were
therefore performed to account for (i) potential errors in
the classification of Aboriginal and Torres Strait Islander
people in the census data; (ii) a potential census under-
count in the total Aboriginal and Torres Strait Islander
populations; and (iii) variation in the annual growth rate
in the population across the study period. In the first
sensitivity analysis, individuals who were not classified in
the census (i.e. not specified to be Aboriginal and Torres
Strait Islander or non-Indigenous) were considered non-
Indigenous. In the second sensitivity analysis, the at-risk
Aboriginal and Torres Strait Islander population was in-
creased by 20 % to account for a potential census under-
count in this group and the unspecified individuals were
removed from the analysis [5]. In the final sensitivity
analysis the population growth rate was varied between
0.5 and 10 % per annum. The annual incidence of major
amputation was estimated as the number of crude am-
putations in each calendar year (numerator) over the
size of the estimated at-risk population for the relevant
calendar year (denominator) as previously described [4].
Major amputation incidence rates were stratified by
Aboriginal and Torres Strait Islander status and were
expressed per 100,000. Incidence rate ratios (IRR) were
calculated to compare annual major amputation inci-
dence rates between groups. Trends in annual major
amputation rates per 100,000 for Aboriginal and Torres
Strait Islander and non-Indigenous people were graphic-
ally compared with national major amputation rates ob-
tained from the Australasian Vascular Audit (AVA)
between 2010 and 2014 [20]. To account for over disper-
sion in amputation data, quasipoisson regression was
used to assess the effect of Aboriginal and Torres Strait
Islander status, age, sex, diabetes status and calendar
year on the annual incidence of major amputations [21].
The regression model incorporated estimates of the
population size in each subcategory as an offset.
Clinical characteristics were compared between Aboriginal

and Torres Strait Islander and non-Indigenous people. Histo-
grams, skewness and kurtosis tests suggested that continuous
data were not normally distributed. Thus, continuous data
were summarized using median values and inter-quartile
ranges and compared between groups using the Mann-
Whitney U test. Nominal data were presented as count and
percent (unless otherwise stated) and compared using chi-
squared and Fisher’s exact tests. Kaplan-Meier analysis was
used to examine patterns of all-cause mortality in Aboriginal
and Torres Strait Islander and non-Indigenous people, with
differences compared using the log rank test. Multivariable
Cox proportional hazards analysis was used to assess the as-
sociation between ethnicity and all-cause mortality, adjusting
for relevant confounding variables (age, sex, IHD, diabetes,
ESRD and hypertension). These variables were included in

Singh et al. BMC Endocrine Disorders          (2021) 21:101 Page 3 of 8



the Cox proportional hazard analysis as they are established
risk factors for mortality [6]. All Cox regression models pre-
sented in this paper were found to conform to the propor-
tional hazards assumption. Analyses were performed using
STATA version 16.1 (StataCorp, College Station, Texas,
USA) and R version 3.4.4 (www.r-project.org/). P values <
0.01 were considered statistically significant.

Results
Patient characteristics
During the study period, 374 patients underwent a non-
traumatic lower limb major amputation. Of these, 70
(18.7%) patients identified as Aboriginal and Torres Strait Is-
lander people and 304 patients identified as non-Indigenous
(Table 1). Patients identifying as Aboriginal and Torres Strait
Islander people were more likely to be female (51.4% vs.
31.9 %, p= 0.002), have diabetes (83.3 % vs. 50.4%, p < 0.001)
and ESRD (31.5 % vs. 14.7 %, p= 0.003) than non-Indigenous
patients. There were no statistically significant differences in
the type of major amputation performed in Aboriginal and
Torres Strait Islander and non-Indigenous patients.

Estimated annual incidence of major amputation
The estimated annual major amputation rates in both
Aboriginal and Torres Strait Islander and non-
Indigenous people were higher than the previously re-
ported national Australian averages (Fig. 1). The

incidence of major amputation was higher in Aboriginal
and Torres Strait Islander compared with non-
Indigenous people (IRR 2.75, 95 % confidence interval
(CI) 1.92 to 3.84). Diabetes, male sex, ESRD and older
age were also associated with a higher rate of amputa-
tion (Table 2). Sensitivity analyses suggested that the re-
ported associations between amputation and Aboriginal
and Torres Strait Islander status, diabetes, ESRD, sex
and age were robust (see Supplementary Table 1). When
it was assumed that there was a static background popu-
lation (0 % annual growth rate) over the 16-year study
period a slight increase in amputation incidence over
time was estimated (IRR 1.04 95 % CI [1.01–1.07]). This
effect was lost when an annual population growth rate
of 2 % was assumed (IRR 1.02 95 % CI [0.99–1.05]) and
only began to reverse once the annual growth rate in the
background population was assumed to exceed 5 % (see
Supplementary Table 2).

All-cause mortality and contralateral major amputation
The median (inter-quartile range) follow-up of Aborigi-
nal and Torres Strait Islander and non-Indigenous pa-
tients were 2.3 (0.4 to 5.7) and 3.3 (1.3 to 8.1) years,
respectively (p = 0.020). Kaplan-Meier survival curves il-
lustrating the cumulative proportion of patients with a
major amputation who survived are shown in Fig. 2. A
greater proportion of Aboriginal and Torres Strait

Table 1 Comparison of Aboriginal and Torres Strait Islander and non-Indigenous patients

Aboriginal and Torres Strait Islander (n = 70) Non-Indigenous ( n = 304) p-value

Characteristics at recruitment

Age 56.0 (44.0-65.3) 68.0 (54.0-75.8) < 0.001

Males 34 (48.6 %) 207 (68.1 %) 0.002

Diabetes 45 (83.3 %) 133 (50.4 %) < 0.001

Hypertension 36 (66.7 %) 172 (65.2 %) 0.831

IHD 27 (50.0 %) 122 (46.2 %) 0.611

PAD 29 (53.7 %) 147 (55.5 %) 0.100

ESRD 17 (31.5 %) 39 (14.7 %) 0.003

Outcomes during follow-up

Amputation 0.789

AKA 28 (40.0 %) 131 (43.1 %)

BKA 42 (60.0 %) 172 (56.6 %)

HQA 0 (0 %) 1 (0.3 %)

Contralateral amputation 10 (14.3 %) 33 (10.9 %) 0.417

Death 47 (67.1 %) 160 (52.6 %) 0.028

Follow-up (years) 2.3 (0.4–5.7) 3.3 (1.3–8.1) 0.020

Continuous data are presented as median [interquartile range] and were compared using Mann-Whitney U test. Nominal data are presented as number (%) and
were compared using Pearson’s χ2 test
IHD ischaemic heart disease, PAD peripheral artery disease, ESRD end-stage renal disease, AKA above knee amputation, BKA below knee amputation,
HQA hindquarter amputation
P-values highlighted in bold indicate significant differences
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Islander patients died during follow-up compared to
non-Indigenous patients (56.7 % vs. 42.7 % at 3 years
follow-up). Differences in the cumulative proportions
between groups were statistically significant (log-rank
test p = 0.005). In the unadjusted Cox proportional ana-
lysis, Aboriginal and Torres Strait Islander patients who
underwent a major amputation were at greater risk of
all-cause mortality during follow-up compared to non-
Indigenous patients (hazard ratio, HR, 1.59, 95 % CI 1.14
to 2.20; p = 0.006). The association remained significant
when adjusted for age and sex (HR 1.79, 95 % CI 1.28 to
2.51, p = 0.001) but no longer remained significant when
adjusted for age, sex, IHD, ESRD and hypertension (HR
1.24, 95 % CI 0.82 to 1.90, p = 0.309) (Table 3). ESRD
was significantly associated with a greater risk of all-
cause mortality in the adjusted analysis (HR 1.90, 95 %
CI 1.30 to 2.77, p = 0.001). No significant difference in
the incidence of contralateral major amputation was

observed between Aboriginal and Torres Strait Islander
or non-Indigenous patients (14.3 % vs. 10.9 % respect-
ively, p = 0.417, Table 1 and Supplementary Fig. 1).

Discussion
Recent systematic reviews have reported a decline in the
incidence of major amputation in various countries and
attributed this to improved multi-disciplinary care of the
high-risk foot [1, 3] This finding is consistent with re-
cent analyses of data from the Australian population [4,
20, 22, 23]. The age- and sex-adjusted incidence rates of
major amputations in Queensland were reported to de-
crease by 26 % in the general population and 45 % in
people with diabetes between 2005 to 2010 [4]. Similarly,
Kurowski and colleagues reported a 6 % annual decline
in major amputation rates in people that had diabetes in
Western Australia from 2000 to 2010 [23]. The Freman-
tle Diabetes Study (FDS) reported a 72 % reduced risk of
lower limb amputation in two cohorts with type II dia-
betes from the same Australian community over a 15-
year period [22]. In the current study the estimated an-
nual incidence of major amputation did not significantly
change during the period from 2000 to 2015 and was
higher than reported Australian national incidence rates
for the available time period [20]. Reasons for this con-
trasting trend have not been identified in this study. It
may reflect a growing burden of risk factors for major
amputations in the North Queensland population [11,
13]. It may also be related to poor implementation of
optimal medical and foot care management [24, 25].
Direct comparisons of major amputation rates be-

tween other studies are difficult since there is consider-
able variation in the methods used in previous

Fig. 1 Estimated annual major amputation incidence for Aboriginal and Torres Strait Islander and non-Indigenous people between 2000 and
2015. Incidence presented per 100,000 Aboriginal and Torres Strait Islander and non-Indigenous people using the 2011 census as the at-risk
population. The at-risk population denominator was adjusted throughout the study period based on an annual population growth rate of 2 %.
The circular points represent trends in amputation incidence in Aboriginal and Torres Strait Islander people. The square points represent trends in
amputation rates in non-Indigenous people. The triangular points represent national Australian amputation rates (Australasian Vascular Audit
[AVA]). Vertical lines represent the 95 % CI. For the AVA data financial year estimates are presented

Table 2 Independent risk factors for major amputation
identified through quasipoisson regression

Characteristic IRR (95% CI) P-value

Aboriginal and Torres Strait Islander people 2.75 (1.92–3.84) < 0.001

Diabetes 12.77 (9.28–16.81) < 0.001

Male sex 2.00 (1.54–2.61) < 0.001

Age 0–34 years Reference

Age 35–44 years 3.51 (1.84–6.79) < 0.001

Age 45–54 years 5.35 (3.02–9.87) < 0.001

Age > 55 years 11.57 (7.02–20.29) < 0.001

For binary variables, patients that did not have the risk factor were used as the
reference group
CI confidence interval, IRR incidence rate ratio
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investigations [1, 20]. A number of previous investiga-
tions have reported the cumulative incidence of major
amputation or compared the amputation rates at two
time points to illustrate the change in major amputa-
tions rates over time [1]. These studies have used a fixed
at-risk population denominator throughout the study
period which was obtained from census data [1, 9, 26].
Interpretation of these prior analyses are difficult as they
did not account for population growth and did not cap-
ture trends in amputation incidence over time [1]. In the
current study sensitivity analyses were performed to
allow for various possible rates of population growth.
When using a fixed at-risk population size a significant
but small increase in major amputation incidence over
time was observed. When an annual population growth
rate of 2 % was assumed, which is representative of the
average per annum population growth rate for Towns-
ville [19], no significant change in amputation rate over
time was observed.

The clinical characteristics of people undergoing major
amputation in this study were comparable to other Aus-
tralian reports [9, 11]. Aboriginal and Torres Strait Is-
lander people who underwent a major amputation were
more likely to be of younger age, have diabetes and be
female than non-Indigenous patients, consistent with
some previous reports from regional populations in
Australia and internationally [11, 27]. They were also
more likely to have a diagnosis of ESRD, which is con-
sistent with a previous study in North Queensland [28].
After adjusting for age and sex differences, Aboriginal
and Torres Strait Islander people were approximately
twice as likely, as non-indigenous people, to die during
follow-up. After adjusting for differences in the preva-
lence of IHD, diabetes, ESRD and hypertension this in-
creased risk of mortality disappeared. Individuals with
ESRD had approximately 2-fold greater risk of mortality.
The findings suggest that the increased mortality rate in
Aboriginal and Torres Strait Islander people was likely

Fig. 2 Kaplan-Meier curve illustrating the cumulative proportion of Aboriginal and Torres Strait Islander and non-Indigenous patients with a major
amputation who survived. Differences between groups were compared using the log-rank test (p = 0.005). The thick line represents the
cumulative proportion of Aboriginal and Torres Strait Islander people that survived. The interrupted line represents cumulative proportion of non-
Indigenous people that survived. Vertical lines represent participants who were censored during follow-up

Table 3 Cox proportional hazard analyses for the association between participant characteristics and all-cause mortality

Unadjusted HR (95 %CI) P-value Adjusted HRa (95 %CI) P-value

Death

Aboriginal and Torres Strait Islander people 1.59 (1.14–2.20) 0.006 1.24 (0.82–1.90) 0.309

Age 1.02 (1.01–1.03) < 0.001 1.03 (1.01–1.04) < 0.001

Female sex 1.39 (1.05–1.84) 0.021 1.40 (1.01–1.93) 0.044

Diabetes 1.88 (1.35–2.60) < 0.001 1.34 (0.95–1.90) 0.097

Hypertension 2.20 (1.53–3.17) < 0.001 1.28 (0.86–1.90) 0.226

IHD 1.94 (1.42–2.66) < 0.001 1.20 (0.85–1.68) 0.299

ESRD 2.51 (1.77–3.55) < 0.001 1.90 (1.30–2.77) 0.001

CI confidence interval, HR hazard ratio, IHD Ischaemic heart disease, ESRD end-stage renal disease. Statistically significant associations are shown in bold text
aResults are adjusted for age, sex, Aboriginal and Torres Strait Islander status, IHD, diabetes, ESRD and hypertension
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because of their high rate of co-morbidities, particularly
ESRD [28]. This observation has also been identified in
other populations [29].
This study had several limitations including its retro-

spective design and relatively small sample size. The study
used participants’ self-identifying as Aboriginal people and
Torres Strait Islanders at the time of admission. This was
not cross-referenced with any other records and it is
therefore possible that the number of Aboriginal people
and Torres Strait Islanders may have been under or over
estimated. Patient data were obtained retrospectively from
hospital records and data on smoking were not recorded
due to inconsistent reporting of smoking behaviour in
hospital charts. This is a recognised limitation of data
from hospital records and has been highlighted in previ-
ous datasets [30]. Higher quality data is required to better
assess the prevalence of risk factors for lower limb ampu-
tations in both Aboriginal people and Torres Strait Is-
landers and non-Indigenous Australians. Comparisons of
major amputation rates with other populations was diffi-
cult due to the marked heterogeneity in reporting of these
data in previous studies [1, 3]. Furthermore, comparisons
with national major amputation rates were limited to a 4
year period [20]. Importantly, estimates of the number of
Aboriginal people and Torres Strait Islanders within the
population and the prevalence of diabetes within the
THHS catchment area were based upon data collected at
single time points. We were unable to include ESRD in
the quasipoisson regression analysis as state-wide ESRD
prevalence data stratified by each of the other covariates
were not available to estimate the at-risk population. Not-
ably, Aboriginal and Torres Strait islander status was not
reported in 12,800 individuals from the census and this is
a recognised limitation of census data [5]. Sensitivity ana-
lyses conducted suggested that the main findings pre-
sented in this paper were robust to the assumptions about
the size of the background at-risk population. Data were
not collected on the in-patient management of the in-
cluded people, such as the surgical treatment of PAD. A
previous study performed in the USA reported that Afri-
can American patients with PAD had fewer revascularisa-
tion attempts and worse limb salvage rates than non-
African American patients [31]. The higher major ampu-
tation rates in Aboriginal and Torres Strait Islander people
could reflect less suitability for surgical treatment of limb
ischemia but this was not investigated in this study [11,
13]. Diabetes and ESRD are risk factors for infra-popliteal
artery disease, which has been associated with a higher
risk of major amputation than more proximal athero-
thrombosis [20]. In the current study, Aboriginal and
Torres Strait Islander people had a greater prevalence of
diabetes and ESRD and it is possible that they more fre-
quently had infra-popliteal artery disease than non-
Indigenous patients [13], although this was not assessed.

In conclusion, this study suggests that the annual inci-
dence of major amputation in North Queensland is high
and is not decreasing over time, which is in contrast
with reports of reducing amputation rates in other re-
gions within Australia [4, 22, 23] and internationally [1,
3]. Aboriginal and Torres Strait Islander people more
frequently underwent major amputation compared to
non-Indigenous people, highlighting a major health gap
for this population. Furthermore, Aboriginal and Torres
Strait Islander people undergoing major amputations
were at a greater risk of subsequent mortality associated
with high rates of co-morbidities, such as ESRD, in this
population. Dissemination of effective preventative treat-
ments is needed to reduce the high incidence of major
amputation in North Queensland.

Abbreviations
PAD: Peripheral artery disease; THHS: The Townsville Hospital and Health
Service; AKA: Above the knee amputation; BKA: Below the knee amputation;
HQA: Hind quarter amputation; ORMIS: Operating rooms management
system; IHD: Ischaemic heart disease; ESRD: End-stage renal disease;
ABI: Ankle-brachial index; IRR: Incidence rate ratios; AVA: Australasian Vascular
Audit; FDS: Fremantle Diabetes Study

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12902-021-00764-z.

Additional file 1: Supplementary Table 1. Quasipoisson regression
analysis examining the association between Aboriginal and Torres Strait
Islander status, sex, diabetes status, age and time on major amputation
rates for varying assumptions about the classification of Aboriginal and
Torres-Strait Islander and non-Indigenous peoplein the Townsville census
data. Supplementary Table 2. Quasipoisson regression analysis examin-
ing the association between time and major amputation rates for varying
assumptions about the growth rate. Supplementary Figure 1. Kaplan-
Meier curve illustrating the cumulative proportion of Aboriginal and
Torres Strait Islander and non-Indigenous patients who had a contralat-
eral major amputation.

Acknowledgements
Not applicable.

Authors’ contributions
TPS collected data, composed the manuscript and conducted some of the
statistical analyses. JG collected data, conceived the study, wrote and
critically revised the manuscript. JVM, MTM, RJ contributed to study design,
data analysis and interpretation and revision of the manuscript. YCJ reviewed
the manuscript and advised on Indigenous cultural aspects of the research.
All authors read and approved the final manuscript. TPS, JVM and JG are
guarantors for this work.

Funding
Funding from James Cook University (Strategic Research Investment Fund),
The Townsville Hospital and Health Services Study, Education and Research
Trust Fund and Queensland Government supported this work. Jonathan
Golledge holds a Practitioner Fellowship from the National Health and
Medical Research Council, Australia (1117061) and a Senior Clinical Research
Fellowship from the Office of Health and Medical Research. Joseph V Moxon
holds an Advance Queensland Mid-Career fellowship from the Queensland
Government. Tejas P Singh holds a Junior Doctor Research Fellowship from
the Queensland Government.

Singh et al. BMC Endocrine Disorders          (2021) 21:101 Page 7 of 8

https://doi.org/10.1186/s12902-021-00764-z
https://doi.org/10.1186/s12902-021-00764-z


Availability of data and materials
Requests for data should be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
Ethical approval was granted from the Townsville Hospital and Health
Services Ethics Committee (HREC/13/QTHS/125) and this included a patient
consent waiver, which was required due to the retrospective design of the
study. A 5-member Aboriginal and Torres Strait Islander reference committee
from James Cook University was consulted for approval of the research. All
methods were carried out in accordance with relevant guidelines and
regulations.

Consent for publication
Not applicable.

Competing interests
The authors do not have any competing interests to declare with regards to
this work.

Author details
1Queensland Research Centre for Peripheral Vascular Disease, College of
Medicine and Dentistry, James Cook University, 4811 Townsville, Queensland,
Australia. 2The Department of Vascular and Endovascular Surgery, The
Townsville University Hospital, Townsville, Queensland, Australia. 3The
Australian Institute of Tropical Health and Medicine, James Cook University,
Townsville, Queensland, Australia. 4Anton Breinl Research Centre for Health
Systems Strengthening, Australian Institute of Tropical Health and Medicine,
James Cook University, Townsville, Queensland, Australia.

Received: 13 January 2021 Accepted: 10 May 2021

References
1. Moxey P, Gogalniceanu P, Hinchliffe R, et al. Lower extremity

amputations—a review of global variability in incidence. Diabetic Med.
2011;28(10):1144–53.

2. Hoffstad O, Mitra N, Walsh J, Margolis DJ. Diabetes, lower-extremity
amputation, and death. Diabetes Care. 2015;38(10):1852-7.

3. Narres M, Kvitkina T, Claessen H, et al. Incidence of lower extremity
amputations in the diabetic compared with the non-diabetic population: a
systematic review. PloS one. 2017;12(8):e0182081.

4. Lazzarini PA, O’Rourke SR, Russell AW, et al. Reduced incidence of foot-
related hospitalisation and amputation amongst persons with diabetes in
Queensland, Australia. PLoS One. 2015;10(6):e0130609.

5. Statistics ABo. 3238.0. 55.001—Estimates of Aboriginal and Torres Strait
Islander Australians, June 2016. 2018

6. Maple-Brown L, Cunningham J, Dunne K, et al. Complications of diabetes in
urban Indigenous Australians: the DRUID study. Diabetes Res Clin Pract.
2008;80(3):455–62.

7. Hoy WE, Kondalsamy-Chennakesavan S, Wang Z, et al. Quantifying the
excess risk for proteinuria, hypertension and diabetes in Australian
Aborigines: comparison of profiles in three remote communities in the
Northern Territory with those in the AusDiab study. Aust N Z J Public
Health. 2007;31(2):177–83.

8. Davis TM, Hunt K, McAullay D, Chubb SA, Sillars BA, Bruce DG, Davis WA.
Continuing disparities in cardiovascular risk factors and complications
between aboriginal and Anglo-Celt Australians with type 2 diabetes: the
Fremantle Diabetes Study. Diabetes care. 2012;35(10):2005-11.

9. Norman PE, Schoen DE, Gurr JM, et al. High rates of amputation among
Indigenous people in Western Australia. Med J Aust. 2010;192(7):421.

10. ABS. Estimates of Aboriginal and Torres Strait Islander Australians, June
2016: Australian Bureau of Statistics Canberra, 2018. https://www.abs.gov.au/
statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-a
boriginal-and-torres-strait-islander-australians/latest-release#:~:text=The%2
0final%20estimated%20resident%20Aboriginal,of%20the%20total%20Austra
lian%20population.

11. O’Rourke S, Steffen C, Raulli A, et al. Diabetic major amputation in Far North
Queensland 1998–2008: What is the Gap for Indigenous patients? Aust J
Rural Health. 2013;21(5):268–73. https://doi.org/10.1111/ajr.12044.

12. West M, Chuter V, Munteanu S, et al. Defining the gap: a systematic review
of the difference in rates of diabetes-related foot complications in
aboriginal and Torres Strait islander Australians and non-indigenous
Australians. J Foot Ankle Res. 2017;10(1):48.

13. Singh TP, Moxon JV, Healy GN, et al. Presentation and outcomes of
indigenous Australians with peripheral artery disease. BMC Cardiovasc
Disord. 2018;18(1):94. https://doi.org/10.1186/s12872-018-0835-z.

14. Townsville Hospital and Health Service. Annual Report 2017–2018. Townsville.
Available from: https://www.health.qld.gov.au/__data/assets/pdf_file/0032/72
9608/thhs-annual-report-2017-18.pdf. [Accessed 21 Dec 2018].

15. Golledge J, Cronin O, Iyer V, et al. Body mass index is inversely associated
with mortality in patients with peripheral vascular disease. Atherosclerosis.
2013;229(2):549–55.

16. Golledge J, Quigley F, Velu R, et al. Association of impaired fasting glucose,
diabetes and their management with the presentation and outcome of
peripheral artery disease: a cohort study. Cardiovasc Diabetol. 2014;13(1):147.

17. Parker T. The DataLab of the Australian bureau of statistics. Australian
Economic Review. 2017;50(4):478-83.

18. Council AHMA. Aboriginal and Torres Strait Islander health performance
framework 2014 report: Australian Health Ministers’ Advisory Council
Canberra (Australia). 2015. Available from: https://www.pmc.gov.au/sites/
default/files/publications/Aboriginal_and_Torres_Strait_Islander_HPF_2
014%20-%20edited%2016%20June2015.pdf. [cited 21 Dec 2018]

19. Council TC. Townsville economic development scorecard: Townsville City
Council; 2016. 2020. Available from: https://www.townsville.qld.gov.au/__da
ta/assets/pdf_file/0009/20016/Economic-Scorecard-April-16.pdf. Accessed 29
July 2020.

20. Behrendt CA, Sigvant B, Szeberin Z, Beiles B, Eldrup N, Thomson IA,
Venermo M, Altreuther M, Menyhei G, Nordanstig J, Clarke M. International
variations in amputation practice: a VASCUNET report. European Journal of
Vascular and Endovascular Surgery. 2018;56(3):391-9.

21. Donoghoe MW, Marschner IC. logbin: An R package for relative risk
regression using the log-binomial model. J Stat Softw. 2018;86(1):1–22.

22. Baba M, Davis WA, Norman PE, et al. Temporal changes in the prevalence
and associates of diabetes-related lower extremity amputations in patients
with type 2 diabetes: the Fremantle Diabetes Study. Cardiovasc Diabetol.
2015;14(1):152.

23. Kurowski JR, Nedkoff L, Schoen DE, et al. Temporal trends in initial and
recurrent lower extremity amputations in people with and without diabetes
in Western Australia from 2000 to 2010. Diabetes Res Clin Pract. 2015;108(2):
280–7.

24. McCulloch B, McDermott R, Miller G, et al. Self-reported diabetes and health
behaviors in remote indigenous communities in Northern Queensland,
Australia. Diabetes Care. 2003;26(2):397–403.

25. O’Dea K, Cunningham J, Maple-Brown L, et al. Diabetes and cardiovascular
risk factors in urban Indigenous adults: Results from the DRUID study.
Diabetes Res Clin Pract. 2008;80(3):483–9.

26. Canavan RJ, Unwin NC, Kelly WF, et al. Diabetes-and nondiabetes-related
lower extremity amputation incidence before and after the introduction of
better organized diabetes foot care: continuous longitudinal monitoring
using a standard method. Diabetes care. 2008;31(3):459–63.

27. Nguyen Louis L, Hevelone N, Rogers Selwyn O, et al. Disparity in Outcomes
of Surgical Revascularization for Limb Salvage. Circulation. 2009;119(1):123–
30. https://doi.org/10.1161/CIRCULATIONAHA.108.810341.

28. Gilhotra RA, Rodrigues BT, Vangaveti VN, et al. Non-traumatic lower limb
amputation in patients with end-stage renal failure on dialysis: an Australian
perspective. Renal Failure. 2016;38(7):1036–43.

29. Dossa CD, Shepard AD, Amos AM, et al. Results of lower extremity amputations
in patients with end-stage renal disease. J Vasc Surg. 1994;20(1):14–9.

30. Assareh H, Achat HM, Stubbs JM, Guevarra VM, Hill K. Incidence and
variation of discrepancies in recording chronic conditions in Australian
hospital administrative data. PLoS one. 2016;11(1):e0147087.

31. Rivero M, Nader ND, Blochle R, et al. Poorer limb salvage in African
American men with chronic limb ischemia is due to advanced clinical stage
and higher anatomic complexity at presentation. J Vasc Surg. 2016;63(5):
1318–24. https://doi.org/10.1016/j.jvs.2015.11.052.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Singh et al. BMC Endocrine Disorders          (2021) 21:101 Page 8 of 8

https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-release#:%7e:text=The%20final%20estimated%20resident%20Aboriginal,of%20the%20total%20Australian%20population
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-release#:%7e:text=The%20final%20estimated%20resident%20Aboriginal,of%20the%20total%20Australian%20population
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-release#:%7e:text=The%20final%20estimated%20resident%20Aboriginal,of%20the%20total%20Australian%20population
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-release#:%7e:text=The%20final%20estimated%20resident%20Aboriginal,of%20the%20total%20Australian%20population
https://www.abs.gov.au/statistics/people/aboriginal-and-torres-strait-islander-peoples/estimates-aboriginal-and-torres-strait-islander-australians/latest-release#:%7e:text=The%20final%20estimated%20resident%20Aboriginal,of%20the%20total%20Australian%20population
https://doi.org/10.1111/ajr.12044
https://doi.org/10.1186/s12872-018-0835-z
https://www.health.qld.gov.au/__data/assets/pdf_file/0032/729608/thhs-annual-report-2017-18.pdf
https://www.health.qld.gov.au/__data/assets/pdf_file/0032/729608/thhs-annual-report-2017-18.pdf
https://www.pmc.gov.au/sites/default/files/publications/Aboriginal_and_Torres_Strait_Islander_HPF_2014%20-%20edited%2016%20June2015.pdf
https://www.pmc.gov.au/sites/default/files/publications/Aboriginal_and_Torres_Strait_Islander_HPF_2014%20-%20edited%2016%20June2015.pdf
https://www.pmc.gov.au/sites/default/files/publications/Aboriginal_and_Torres_Strait_Islander_HPF_2014%20-%20edited%2016%20June2015.pdf
https://www.townsville.qld.gov.au/__data/assets/pdf_file/0009/20016/Economic-Scorecard-April-16.pdf
https://www.townsville.qld.gov.au/__data/assets/pdf_file/0009/20016/Economic-Scorecard-April-16.pdf
https://doi.org/10.1161/CIRCULATIONAHA.108.810341
https://doi.org/10.1016/j.jvs.2015.11.052

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Design
	Measures
	Statistical analysis

	Results
	Patient characteristics
	Estimated annual incidence of major amputation
	All-cause mortality and contralateral major amputation

	Discussion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

