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Abstract

Introduction

Minor amputation is commonly needed to treat diabetes-related foot disease (DFD).

Remoteness of residence is known to limit access to healthcare and has previously been

associated with poor outcomes. The primary aim of this study was to examine the associa-

tions between ethnicity and remoteness of residency with the risk of major amputation and

death following initial treatment of DFD by minor amputation. A secondary aim was to iden-

tify risk factors for major amputation and death following minor amputation to treat DFD.

Research design and methods

This was a retrospective analysis of data from patients who required a minor amputation to

treat DFD between 2000 and 2019 at a regional tertiary hospital in Queensland, Australia.

Baseline characteristics were collected together with remoteness of residence and ethnicity.

Remoteness was classified according to the 2019 Modified Monash Model (MMM) system.

Ethnicity was based on self-identification as an Aboriginal and Torres Strait Islander or non-

Indigenous person. The outcomes of major amputation, repeat minor amputation and death

were examined using Cox-proportional hazard analyses.
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Results

A total of 534 participants were included, with 306 (57.3%) residing in metropolitan or

regional centres, 228 (42.7%) in rural and remote communities and 144 (27.0%) were

Aboriginal or Torres Strait Islander people. During a median (inter quartile range) follow-up

of 4.0 (2.1–7.6) years, 103 participants (19.3%) had major amputation, 230 (43.1%) had

repeat minor amputation and 250 (46.8%) died. The risks (hazard ratio [95% CI]) of major

amputation and death were not significantly higher in participants residing in rural and

remote areas (0.97, 0.67–1.47; and 0.98, 0.76–1.26) or in Aboriginal or Torres Strait

Islander people (HR 1.44, 95% CI 0.96, 2.16 and HR 0.89, 95% CI 0.67, 1.18). Ischemic

heart disease (IHD), peripheral artery disease (PAD), osteomyelitis and foot ulceration

(p<0.001 in all instances) were independent risk factors for major amputation.

Conclusion

Major amputation and death are common following minor amputation to treat DFD and peo-

ple with IHD, PAD and osteomyelitis have an increased risk of major amputation. Aboriginal

and Torres Strait Islander People and residents of remote areas were not at excess risk of

major amputation.

Introduction

Diabetes-related foot disease (DFD), such as foot ulceration, infection and gangrene, affects

approximately one-third of patients with diabetes over their lifetime [1, 2]. Minor amputation

(distal to the ankle joint) is frequently required in the treatment of DFD [3, 4]. Individuals that

undergo minor amputations are reported to have reduced quality of life [5, 6] and frequently

require further amputation [7].

Multiple studies in countries around the world have reported that re-amputation is com-

mon in patients with DFD. A recent meta-analysis estimated that the rate of re-amputation in

patients with DFD was 19% (inter quartile range, IQR, 5% to 32%) at one year and 37% (IQR,

27 to 47%) at 5 years following a minor amputation [8]. Furthermore, this previous review

found a lack of studies with longer follow-up [8]. A US study reported a major amputation

rate of 10% within one year of an ipsilateral toe amputation [9] and a recent meta-analysis esti-

mated that 30% (95% CI 24% to 37%) of people undergoing trans-metatarsal amputation later

required a major amputation [10]. Patients requiring a minor amputation also have a risk of

mortality of approximately 10% per year [11, 12]. A previous study reported that risk factors

for a repeat amputation include chronic obstructive pulmonary disease, peripheral artery dis-

ease (PAD), elevated white cell count and previous revascularisation [13], but further studies

in other populations were needed.

A recent population cohort study in Italy reported a 4-year mortality of 65% in patients

having a minor amputation. Risk factors for mortality were age�65 years, cardiovascular dis-

ease, and chronic renal disease [14]. A recent study from Australia reported that long distance

from the nearest high risk foot clinic and low toe pressures were risk factors for lower extrem-

ity amputation [15]. Most studies have found that the burden of DFD is substantially greater

in rural and remote and First Nation’s populations [16, 17]. Aboriginal and Torres Strait

Islander Australians have been reported to have a 3-6-fold increased likelihood of developing a

DFD complication compared to non-Indigenous Australians [18].
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No prior study has investigated whether Aboriginal and Torres Strait Islander People or

residents of more remote regions have an increased risk of major amputation following a

minor amputation to treat DFD. The primary aim of this study was to examine the associations

between ethnicity and remoteness of residency with the risk of major amputation and death

following initial treatment of DFD by minor amputation. A secondary aim was to identify risk

factors for major amputation and death following minor amputation to treat DFD.

Materials and methods

Study design and data source

This was a retrospective analysis of prospectively collected data of patients who were admitted

between the 1st of January 2000 and 31st of December 2019 to a regional tertiary hospital in

Queensland Australia (Townsville University Hospital, TUH) for a minor amputation to treat

DFD. Patients’ records were accessed to obtain information on possible events that occurred

between 1st of January 2000 and 31st of December 2020. Data collection was conducted

between 1st of December 2022 and 31st of December 2022. Ethics approval was obtained from

the Townsville Hospital and Health Service Human Research Ethics Committee [HREC/13/

QTHS/125] [19, 20]. This included approval for a patient consent waiver that was required

because of the retrospective design. A five-member Aboriginal and Torres Strait Islander refer-

ence committee was consulted for the approval of the research as previously described [21]. All

data were crossed checked by an experienced data base manager against the patients’ records.

Population

All patients were identified through Operating Rooms Management System (ORMIS); a sys-

tem that records all surgical procedures conducted in TUH. For inclusion, participants had to

have undergone a minor amputation (i.e. an amputation distal to the ankle joint [3]) as treat-

ment for DFD during the study period. Participants also had to be previously diagnosed with

diabetes and have data available on place of residence and Aboriginal and Torres Strait

Islander ethnicity. The first minor amputation that occurred during the study period between

1st of January 2000 to 31st of December 2019 was defined as the index amputation. Patients

with previous major amputation (unilateral or bilateral), those who underwent an amputation

procedure in the absence of diabetes, those who were <18 years of age and those with missing

patient records were excluded. After identification of the participant through ORMIS, the rele-

vant participant’s hospital admission record during which the participant had the index minor

amputation procedure was accessed to obtain the necessary data. Subsequent records were

also obtained to identify further outcomes.

Minor amputation was defined as amputation distal to the ankle joint [3]. Toe amputations

were defined as amputation of a toe at or distal to the metatarso-phalangeal joint. A trans-

metatarsal amputation was defined as an amputation across metatarsal bones. Forefoot ampu-

tation was defined as an amputation distal to the ankle joint at or proximal to tarso-metatarsal

joints [3]. Participants were identified using ORMIS as previously described [16]. All patients

undergoing any amputation procedure in the TUH are recorded in this system.

Risk factors

Participants’ baseline risk factors were obtained from hospital admission records at the time of

the index minor amputation. These included age, sex, smoking, diabetes (type 1 or type 2),

hypertension, ischaemic heart disease (IHD), PAD, end stage renal failure (ESRF), Aboriginal

and Torres Strait Islander ethnicity and past history of minor amputation. Current smoking
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was defined as active smoking within the last month as documented at the time of the index

admission [19]. Diabetes and hypertension were defined by a documented medical diagnosis

at the time of hospital admission [19]. Duration of diabetes, insulin treatment and glycaemic

level at the time of surgery were not collected as these data were not consistently available in all

patients. IHD was defined as a documented history of myocardial infarction, angina or previ-

ous treatment of IHD [22]. PAD was defined as ankle brachial pressure index (ABPI) <0.9,

previous peripheral revascularisation and/ or imaging identified stenosis or occlusion of lower

limb arteries, as previously described [22]. ESRF was defined as requirement for dialysis. The

primary reason for the index hospital admission was classified as foot ulcer, soft tissue infec-

tion, osteomyelitis or gangrene. In instances where there was a combination of these presenta-

tions all relevant data were included. Aboriginal and Torres Strait Islander ethnicity was based

on self-identification by patients at the time of the index minor amputation.

Remoteness

Remoteness was classified according to the 2019 Modified Monash Model (MMM) classifica-

tion [23] using the post code of the participants, which has previously been associated with the

degree of inequality of access to healthcare [24]. There were no participants from MMM1 cate-

gory. Regional areas, such as Townsville and Mackay, were classified as MMM2, and other

regional areas, medium-sized towns, small towns, remote and very remote towns were classi-

fied as MMM categories 3 to 7 respectively. For analyses MMM categories 1 to 2 and 3 to 7

were separately grouped because of unequal and skewed distribution of patients across

remoteness categories.

Assessment of outcomes

The primary outcome was major amputation, defined as amputation proximal to the ankle, in

either leg during the follow-up period [25]. Other outcomes included requirement for repeat

minor amputation in either leg and, all-cause mortality. Outcome events were obtained

through ORMIS and review of participants’ medical records. The electronic medical records

included admissions to all Queensland public hospitals. Participants were censored at the time

of their death, or the date of last follow-up identified by the last in- or out-patient hospital

record if no event was experienced.

Sample size calculation

Since this study was a retrospective observational study, the sample size was informed by the

number of participants available rather than a pre-specified sample size estimate. Prior to anal-

ysis the available sample size was considered based on the plan to assess the association of

remoteness with the requirement for major amputation in an adjusted Cox proportional haz-

ard analysis. The Cox proportional hazard analysis was planned to include up to 10 covariates

of which some of the variates such as MMM Classification had multiple permutations. Based

on a prior study it was estimated that the major amputation rate would be at least 40% during

a minimum two-year median follow-up [7]. Based on this, at least 250 individuals would pro-

vide a well powered analysis considering the requirement to attain at least 10 outcome events

per degree of freedom according to Monte Carlo simulations [26].

Statistical analyses

Histograms, skewness and kurtosis tests suggested that continuous data were not normally dis-

tributed. Thus, continuous data were presented as median and inter-quartile range and
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compared between groups using the Mann-Whitney U test. Nominal and categorical data

were presented as counts and percentage and compared using the Pearson’s chi-squared test.

Multivariate Cox proportional hazard analyses were performed to assess the association

between MMM categories and major amputation, repeat minor amputations and all cause

death after adjusting for age, sex, smoking, IHD, PAD, ESRF and osteomyelitis. Similar analy-

ses were conducted separately for Aboriginal and Torres Strait Islander ethnicity and major

amputation, repeat minor amputations and all cause death after adjusting for age, sex, smok-

ing, IHD, PAD, ESRF and osteomyelitis. Selection of variables for adjustment was based on

those that have been established as risk factors for events and variables which bivariate com-

parisons between groups suggested significant differences (p<0.05). All model assumptions

were met. Factors that were highly correlated were not included in the same model. Cox

regression model outcomes were reported as hazard ratios (HR) and 95% confidence intervals

(CI). The ability of the model to predict the respective outcomes was assessed using concor-

dance index (c-index). Individual contributions of predictor variables were assessed by calcu-

lating the Likelihood Ratio Test (LRT) statistic. LRT was calculated as twice the difference of

log likelihood values of the full cox regression model versus a reduced model where one pre-

dictor variable was removed to determine its contribution to the outcome prediction. The sig-

nificance was determined by comparing the obtained LRT values against the difference in

degrees of freedom in the critical value of Chi-squared distribution. In the analyses, since one

variable was removed at a time, the change in degrees of freedom was 1 corresponding to criti-

cal value of 3.84 in the chi-squared distribution table. LRT values greater than the critical value

were considered to be significantly important in predicting the outcomes. Kaplan-Meier

curves were performed to graphically represent the probability of events over time and statisti-

cally represented using log rank tests to compare the events between the different population

groups. Data were analysed using SPSS v29 (IBM, Armonk, NY) software package.

Results and discussion

Characteristics of participants

A total of 534 participants were included following an index admission for 504 toe amputa-

tions (94.4%), 24 trans-metatarsal amputations (4.5%) and 6 mid-tarsal amputations (1.1%).

Three hundred and six participants (57.3%) resided in MMM categories 1 or 2, 228 (42.7%) in

MMM categories 3–7. One hundred and forty-four (27.0%) participants identified as Aborigi-

nal and Torres Strait Islander Peoples.

Aboriginal and Torres Strait Islanders people were significantly more likely to be residing

in MMM categories 3–7 than non-Indigenous participants (Table 1).

Other baseline demographic factors or risk factors were not different between those pre-

senting from MMM categories 1, 2 and those presenting from MMM categories 3–7. Aborigi-

nal and Torres Strait Islander participants were also significantly younger, more likely to be

male, have ESRF and be admitted with gangrene, ulceration or infection, but less likely to have

had previous revascularisation surgery compared to non-Indigenous participants (Table 2).

Median (IQR) follow-up for the cohort was 4.0 (2.1 to 7.6) years. One hundred and three

participants (19.3%) had a major amputation and 230 (43.1%) had a repeat minor amputation.

A total of 110 major amputations and 340 minor amputations were performed. Eighty-four

participants (81.6%) underwent a major amputation on the ipsilateral side while nineteen

(18.4%) had a major amputation on the contralateral side. A total of 250 participants (46.8%)

died during follow up. There were no significant differences in the rates of major amputation,

minor amputation or mortality between participants from regional cities (MMM categories 1

to 2) and those from more rural localities (MMM categories 3–7), (log rank test p>0.05 in all
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instances) (Fig 1). Outcomes were similar for Aboriginal and Torres Strait Islander and non-

Indigenous Australians (log rank test p values>0.05 in all instances) (Fig 2).

Association of remoteness and major amputation

Multiple cox regression models were developed (Table 1). Unadjusted analyses suggested no

association between remoteness of residence and risk of major amputation (HR 0.97, 95% CI

0.67 to 1.47, p = 0.966). After adjusting for age, sex, smoking, IHD, PAD, ESRF, osteomyelitis

and foot ulceration these results remained unchanged (HR 0.96, 95% CI 0.64 to 1.42,

p = 0.826) (S1 Table). LRT of the risk factors included in the model suggested that IHD, PAD,

osteomyelitis and ulceration were significant predictors of major amputation in people living

in remote areas (S2 Table). However, the cox regression model did not achieve a good discrim-

ination to predict the outcomes (c-index 0.505, 95% CI 0.442, 0.569) (S3 Table). Visual repre-

sentation of the model is provided in the Kaplan-Meier curve (Fig 1A) and the analysis

suggested that there was no significant difference in major amputation rates between partici-

pants resident in more and less remote locations (Log rank test p value = 0.966).

Association of Aboriginal and Torres Strait Islander ethnicity and major

amputation

Unadjusted analyses suggested no significant association between Aboriginal and Torres Strait

Islander ethnicity and risk of major amputation (HR 1.44, 95% CI 0.96 to 2.16, p = 0.078). After

adjusting for age, sex, smoking, IHD, PAD, ESRF, osteomyelitis and foot ulceration the results

were unchanged (HR 1.29, 95% CI 0.83–2.00, p = 0.096) (S4 Table). LRT of the risk factors

Table 1. Risk factors at recruitment in participants who were admitted for an index minor amputation.

Risk factor All patients

(n = 534)

MMMC 1&2 Urban or Regional

centres

MMMC 3–7 Regional, rural and remote

towns

Significance

(n = 306) (n = 228)

Age 61.61 [53.0–71.0] 61.00 [52.00–71.00] 62.00 [53.00–72.00] 0.406

Male sex 370 (69.3%) 215 (70.3%) 155 (68.0%) 0.572

Aboriginal and Torres Strait Islander

People

144 (27.0%) 70 (22.9%) 74 (32.5%) 0.014**

Current smoking 282 (52.8%) 161 (52.6%) 121 (53.1%) 0.917

Hypertension 391 (73.2%) 233 (76.1%) 158 (69.3%) 0.077

IHD 217 (40.6%) 124 (40.5%) 93 (40.8%) 0.951

PAD 190 (35.6%) 102 (33.3%) 88 (38.6%) 0.209

ESRF 54 (10.1%) 31 (10.1%) 23 (10.1%) 0.987

Past history of minor amputation 41 (7.7%) 23 (7.5%) 18 (7.9%) 0.871

Past history of revascularisation

Endovascular 70 (13.1%) 38 (12.4%) 32 (14.0%) 0.584

Open vascular 70 (13.1%) 34 (11.1%) 36 (15.8%) 0.113

Immediate presenting problem

Osteomyelitis 146 (27.3%) 90 (29.4%) 56 (24.6%) 0.214

Gangrene 106 (19.9%) 61 (19.9%) 45 (19.7%) 0.955

Ulcer 434 (81.3%) 253 (82.7%) 181 (81.6%) 0.335

Infection 446 (83.5%) 260 (85.0%) 186 (81.6%) 0.297

Foot note

Modified Monash Model category, MMMC; ischaemic heart disease, IHD; peripheral artery disease, PAD; end stage renal failure, ESRF.

https://doi.org/10.1371/journal.pone.0302186.t001
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included in the model suggested that IHD, PAD, osteomyelitis and foot ulceration were signifi-

cant predictors of major amputation in Aboriginal and Torres Strait Islander people (S5 Table).

However, the cox regression model did not achieve a good discrimination to predict the outcomes

(c-index 0.541, 95% CI 0.477, 0.606). Visual representation of the model is provided in Fig 2A and

the analysis suggested that there was no significant difference in major amputation rates in

Aboriginal and Torres Strait Islander and non-Indigenous people (Log rank test p value = 0.076).

Risk factors for repeat minor amputation

None of the risk factors were independently significantly associated with the risk of repeat

minor amputation (S6 Table).

Table 2. Characteristics of Aboriginal and Torres Strait Islander and non-Indigenous participants.

Aboriginal and Torres Strait Islander People Non-Indigenous patients Significance

(n = 390)(n = 144)

Age 54.17 [52.23–56.11] 64.40 [63.13–65.64] <0.001

Male sex 80 (55.6%) 290 (74.4%) <0.001

Rurality <0.001

MMMC 1 and 2 70 (48.6%) 236 (60.5%)

MMMC 3 to7 74 (51.4%) 154 (39.5%)

Current smoking 80 (55.6%) 202 (51.2%) 0.440

Hypertension 109 (75.7%) 282 (72.3%) 0.433

IHD 51 (35.4%) 166 (42.6%) 0.136

PAD 48 (33.3%) 142 (36.4%) 0.510

ESRF 24 (16.7%) 30 (7.7%) 0.002

Past history of minor amputation 13 (9.0%) 28 (7.2%) 0.477

Past history of revascularisation

Endovascular 10 (6.9%) 60 (15.4%) 0.010

Open vascular 9 (6.3%) 61 (15.6%) 0.004

Immediate presenting problem

Osteomyelitis 47 (32.6%) 99 (25.4%) 0.095

Gangrene 19 (13.2%) 87 (22.3%) 0.019

Ulcer 126 (87.5%) 308 (79.0%) 0.025

Infection 144 (89.6%) 317 (81.3%) 0.022

Foot note

Modified Monash Model category, MMMC; ischaemic heart disease, IHD; peripheral artery disease, PAD; end stage renal failure, ESRF.

https://doi.org/10.1371/journal.pone.0302186.t002

Fig 1. Kaplan-Meier curve illustrating the freedom from events in participants presenting from large towns or cities (MMMC = 1) and small towns or

regional towns (MMMC = 0). A; Major amputation, B; Minor amputation, C; All-cause mortality. MMMC: Modified Monash Model Classification.

https://doi.org/10.1371/journal.pone.0302186.g001
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Risk factors for deaths

None of the risk factors were independently significantly associated with the risk of death

(S6 Table).

Discussion

This study is the first to assess the impact of remoteness of residence on the outcome of people

having minor amputation to treat DFD. Similar studies have been conducted in patients with

other forms of vascular disease such as abdominal aortic aneurysms and peripheral artery dis-

ease but not in people with DFD [24]. The setting in North Queensland, Australia was well

suited for this investigation because the population is widely dispersed with patients presenting

from both regional and rural areas with considerable travel time to TUH [24]. This study

included 534 participants with 27% identifying as Aboriginal and/or Torres Strait Islander

People. One fifth of the participants underwent a major amputation and about half of partici-

pants died during a median follow-up of 4 years. Outcomes were not significantly different for

Aboriginal and Torres Strait Islander and non-Indigenous people, which may reflect equiva-

lent care given to participants presenting from diverse backgrounds [27]. This is in contrast to

previous studies that showed poorer outcomes among Aboriginal and Torres Strait Islanders

compared to non-Indigenous patients [18, 28]. IHD, PAD, presence of osteomyelitis and foot

ulceration during the index minor amputation were independent predictors of major amputa-

tion, as previously reported in other studies [16, 17].

More than one million people worldwide undergo a lower extremity amputation each year

to treat DFD [29]. Such amputations cause significant morbidity and mortality [8, 30]. A

recent systematic review reported that global rates of hospital admission for all DFD condi-

tions are considerably greater than those for amputations alone [31]. In the USA the rate of

non-traumatic limb amputation increased by 50% between 2009 and 2015 [32]. A repeat

amputation rate of 26% within 1-year of initial amputation was reported in a study of 71300

participants [30]. Despite the availability of studies investigating the overall rates of amputa-

tion [33], there have been no studies conducted to look at subsequent major amputation fol-

lowing an index minor amputation in Australia.

In the current study, during a median follow-up period of 4 years 47% of the participants died

and 43% had a repeat minor amputation emphasising the high morbidity and mortality associated

with DFD. DFD causes substantial social, psychological, and physical burden [34, 35]. Similar

results have been reported in US populations [36]. This highlights the need for better secondary

prevention, which is challenging to implement in patients presenting from vast geographic areas,

especially in rural populations where access to health services is limited. In the current study par-

ticipants with IHD, PAD, osteomyelitis and foot ulceration had an increased risk of major

Fig 2. Kaplan-Meier curve illustrating the freedom from events in Aboriginal and Torres Strait Islander and non-Indigenous participants. A; Major

amputation, B; Minor amputation, C; All-cause mortality.

https://doi.org/10.1371/journal.pone.0302186.g002

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 8 / 13

https://doi.org/10.1371/journal.pone.0302186.g002
https://doi.org/10.1371/journal.pone.0302186


amputation, as has been previously reported from multiple studies [37, 38]. Patients with PAD

were twice as likely to have a major amputation as compared to those with no PAD, similar to

findings from previous studies [16, 21]. A previous study from North Queensland found an excess

of distal tibial artery disease which can be challenging to revascularise [39]. The distal nature of

the artery disease and the challenges of implementing medical management may have contributed

to the high amputation rates reported [39]. This study found that ESRF was also an independent

risk factor for major amputation, as previously reported [40]. The association of IHD with major

amputation may be secondary to undetected PAD in these participants [41].

A number of previous studies have reported an excess of major amputations in rural loca-

tions [42]. In contrast, this study found that there is no significant difference in the rates of

amputation in participants living in remote locations compared to those living in larger towns.

This finding maybe reflective of state-wide expansion in podiatry care provides to rural loca-

tions, along with use of telehealth services for endocrinology introduced in Queensland [28].

The current study found that the rates of major amputation were not significantly different

in non-Indigenous and Australian First Nations patients. The unadjusted HR did however

suggest a non-significant (p = 0.078) 1.44-fold excess risk of major amputation in Aboriginal

and Torres Strait Islander compared to non-Indigenous patients. The lack of significant differ-

ence in outcomes may be reflect multiple health promotion programs that were implemented

by the government to close the healthcare gap or may simply reflect insufficient sample size to

adequately compare outcomes [42]. The findings of this study highlight the need for continued

efforts to reduce the morbidity and mortality related to DFD, via frequent podiatry care and

improved medical management. Use of telehealth services and community-based podiatry is

recommended to improve access to services in rural localities [43]. Early referral of patients to

tertiary care centres is recommended for early interventions to prevent major amputation by

revascularisation procedures.

The current study has a number of strengths and limitations. Strengths included the rela-

tively large sample size and the inclusion of substantial numbers of Aboriginal and Torres

Strait Islander participants. Limitations include the retrospective study design and the lack of

information on the Wound Ischaemia Foot Infection (WIFI) classification and use of revascu-

larisation procedures. It is also possible that some outcome evets may have been missed if par-

ticipants moved outside the North Queensland region. It is also important to note that these

findings may not be generalisable to other regions where delivery of health care and composi-

tion of the population may be different.

Conclusions

Major amputation and death are very common following minor amputation to treat DFD.

Remoteness was not associated with an increased risk of major amputation which may be

attributable to equity of healthcare delivered to different populations. Risk of major amputa-

tion was increased in participants with IHD, PAD, osteomyelitis and foot ulceration.

Supporting information

S1 Table. Association of remoteness with major amputation following a minor amputation

to treat diabetes-related foot disease.

(DOCX)

S2 Table. Contribution of individual risk factors for the overall cox regression model that

included remoteness.

(DOCX)

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 9 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s002
https://doi.org/10.1371/journal.pone.0302186


S3 Table. Contribution of individual risk factors for the overall cox regression model that

included Aboriginal and Torres Strait Islander ethnicity.

(DOCX)

S4 Table. Association of ethnicity with major amputation following a minor amputation

to treat diabetes-related foot disease.

(DOCX)

S5 Table. C statistic or the area under the curve of receiver operating characteristic curves

for each risk factor and its ability to predict the outcome of a major amputation among

participants who underwent a minor amputation following diabetes-related foot disease.

(DOCX)

S6 Table. Cox proportional hazard analyses for the association between Modified Monash

Model (MMC) categories and Aboriginal and Torres Strait Islander status versus repeat

minor amputation and death.

(DOCX)

S1 File. Inclusivity in global research.

(DOCX)

Acknowledgments

The authors would like to acknowledge all the staff of Queensland Research Centre for Periph-

eral Vascular Disease.

Author Contributions

Conceptualization: Chanika Alahakoon, Shivshankar Thanigaimani, Aaron Drovandi, Mal-

indu Fernando, Peter A. Lazzarini, Joseph V. Moxon, Jonathan Golledge.

Data curation: Chanika Alahakoon.

Formal analysis: Chanika Alahakoon, Shivshankar Thanigaimani, Tejas P. Singh, Joseph V.

Moxon.

Funding acquisition: Jonathan Golledge.

Investigation: Chanika Alahakoon.

Methodology: Chanika Alahakoon, Shivshankar Thanigaimani, Tejas P. Singh, Aaron Dro-

vandi, Malindu Fernando, Peter A. Lazzarini, Jonathan Golledge.

Project administration: Jonathan Golledge.

Resources: Chanika Alahakoon, James Charles, Peter A. Lazzarini, Jonathan Golledge.

Software: Chanika Alahakoon, Tejas P. Singh.

Supervision: Shivshankar Thanigaimani, Malindu Fernando, Peter A. Lazzarini, Joseph V.

Moxon, Jonathan Golledge.

Validation: Chanika Alahakoon, James Charles, Jonathan Golledge.

Visualization: Chanika Alahakoon, Tejas P. Singh.

Writing – original draft: Chanika Alahakoon.

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0302186.s007
https://doi.org/10.1371/journal.pone.0302186


Writing – review & editing: Chanika Alahakoon, Shivshankar Thanigaimani, Tejas P. Singh,

Aaron Drovandi, James Charles, Malindu Fernando, Peter A. Lazzarini, Joseph V. Moxon,

Jonathan Golledge.

References
1. Lazzarini P.A., et al., Diabetes-related lower-extremity complications are a leading cause of the global

burden of disability. Diabet Med, 2018. 35(9): p. 1297–1299. https://doi.org/10.1111/dme.13680 PMID:

29791033

2. Armstrong D.G., Boulton A.J.M., and Bus S.A., Diabetic Foot Ulcers and Their Recurrence. New

England Journal of Medicine, 2017. 376(24): p. 2367–2375. https://doi.org/10.1056/NEJMra1615439

PMID: 28614678

3. van Netten J.J., et al., Definitions and criteria for diabetic foot disease. Diabetes Metab Res Rev, 2020.

36 Suppl 1: p. e3268. https://doi.org/10.1002/dmrr.3268 PMID: 31943705

4. Ashmore Z., et al., Patient Impressions of Possible Catastrophic Outcomes after Diabetic Foot Ulcera-

tion. Current Diabetes Reviews, 2018. 14(4): p. 376–388. https://doi.org/10.2174/

1573399813666170612103814 PMID: 28606045

5. Ragnarson Tennvall G. and Apelqvist J., Health-related quality of life in patients with diabetes mellitus

and foot ulcers. J Diabetes Complications, 2000. 14(5): p. 235–41. https://doi.org/10.1016/s1056-8727

(00)00133-1 PMID: 11113684

6. Garcı́a-Morales E., et al., Impact of diabetic foot related complications on the Health Related Quality of

Life (HRQol) of patients—a regional study in Spain. Int J Low Extrem Wounds, 2011. 10(1): p. 6–11.

https://doi.org/10.1177/1534734611400257 PMID: 21444605

7. Kanade R., et al., Re-amputation occurrence in the diabetic population in South Wales, UK. Interna-

tional Wound Journal, 2007. 4(4): p. 344–352. https://doi.org/10.1111/j.1742-481X.2007.00313.x

PMID: 17961158

8. Liu R., et al., Lower extremity reamputation in people with diabetes: a systematic review and meta-anal-

ysis. BMJ Open Diabetes Res Care, 2021. 9(1). https://doi.org/10.1136/bmjdrc-2021-002325 PMID:

34112651

9. Littman A.J., et al., Risk of Ipsilateral Reamputation Following an Incident Toe Amputation Among U.S.

Military Veterans With Diabetes, 2005–2016. Diabetes Care, 2020. 43(5): p. 1033–1040. https://doi.

org/10.2337/dc19-2337 PMID: 32161048

10. Thorud J.C., et al., Reoperation and Reamputation After Transmetatarsal Amputation: A Systematic

Review and Meta-Analysis. J Foot Ankle Surg, 2016. 55(5): p. 1007–12.

11. Armstrong D.G., et al., Five year mortality and direct costs of care for people with diabetic foot complica-

tions are comparable to cancer. J Foot Ankle Res, 2020. 13(1): p. 16. https://doi.org/10.1186/s13047-

020-00383-2 PMID: 32209136

12. Jupiter D.C., et al., The impact of foot ulceration and amputation on mortality in diabetic patients. I:

From ulceration to death, a systematic review. Int Wound J, 2016. 13(5): p. 892–903. https://doi.org/10.

1111/iwj.12404 PMID: 25601358

13. Norvell D.C. and Czerniecki J.M., Risks and Risk Factors for Ipsilateral Re-Amputation in the First Year

Following First Major Unilateral Dysvascular Amputation. European Journal of Vascular and Endovas-

cular Surgery, 2020. 60(4): p. 614–621. https://doi.org/10.1016/j.ejvs.2020.06.026 PMID: 32800475

14. Cascini S., et al., Survival and factors predicting mortality after major and minor lower-extremity ampu-

tations among patients with diabetes: a population-based study using health information systems. BMJ

Open Diabetes Res Care, 2020. 8(1). https://doi.org/10.1136/bmjdrc-2020-001355 PMID: 32690575

15. Tehan P.E., et al., Factors influencing lower extremity amputation outcomes in people with active foot

ulceration in regional Australia: A retrospective cohort study. Wound Repair Regen, 2022. 30(1): p. 24–

33. https://doi.org/10.1111/wrr.12978 PMID: 34698428

16. Singh T.P., et al., Major amputation rates and outcomes for Aboriginal and Torres Strait Islander and

non-Indigenous people in North Queensland Australia between 2000 and 2015. BMC Endocr Disord,

2021. 21(1): p. 101. https://doi.org/10.1186/s12902-021-00764-z PMID: 34020627

17. Jeyaraman K., et al., Mortality in patients with diabetic foot ulcer: a retrospective study of 513 cases

from a single Centre in the Northern Territory of Australia. BMC Endocrine Disorders, 2019. 19(1): p. N.

PAG-N.PAG. https://doi.org/10.1186/s12902-018-0327-2 PMID: 30606164

18. West M., 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. Jour-

nal of Foot and Ankle Research, 2017. 10(1).

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 11 / 13

https://doi.org/10.1111/dme.13680
http://www.ncbi.nlm.nih.gov/pubmed/29791033
https://doi.org/10.1056/NEJMra1615439
http://www.ncbi.nlm.nih.gov/pubmed/28614678
https://doi.org/10.1002/dmrr.3268
http://www.ncbi.nlm.nih.gov/pubmed/31943705
https://doi.org/10.2174/1573399813666170612103814
https://doi.org/10.2174/1573399813666170612103814
http://www.ncbi.nlm.nih.gov/pubmed/28606045
https://doi.org/10.1016/s1056-8727%2800%2900133-1
https://doi.org/10.1016/s1056-8727%2800%2900133-1
http://www.ncbi.nlm.nih.gov/pubmed/11113684
https://doi.org/10.1177/1534734611400257
http://www.ncbi.nlm.nih.gov/pubmed/21444605
https://doi.org/10.1111/j.1742-481X.2007.00313.x
http://www.ncbi.nlm.nih.gov/pubmed/17961158
https://doi.org/10.1136/bmjdrc-2021-002325
http://www.ncbi.nlm.nih.gov/pubmed/34112651
https://doi.org/10.2337/dc19-2337
https://doi.org/10.2337/dc19-2337
http://www.ncbi.nlm.nih.gov/pubmed/32161048
https://doi.org/10.1186/s13047-020-00383-2
https://doi.org/10.1186/s13047-020-00383-2
http://www.ncbi.nlm.nih.gov/pubmed/32209136
https://doi.org/10.1111/iwj.12404
https://doi.org/10.1111/iwj.12404
http://www.ncbi.nlm.nih.gov/pubmed/25601358
https://doi.org/10.1016/j.ejvs.2020.06.026
http://www.ncbi.nlm.nih.gov/pubmed/32800475
https://doi.org/10.1136/bmjdrc-2020-001355
http://www.ncbi.nlm.nih.gov/pubmed/32690575
https://doi.org/10.1111/wrr.12978
http://www.ncbi.nlm.nih.gov/pubmed/34698428
https://doi.org/10.1186/s12902-021-00764-z
http://www.ncbi.nlm.nih.gov/pubmed/34020627
https://doi.org/10.1186/s12902-018-0327-2
http://www.ncbi.nlm.nih.gov/pubmed/30606164
https://doi.org/10.1371/journal.pone.0302186


19. Golledge J., et al., Body mass index is inversely associated with mortality in patients with peripheral vas-

cular disease. Atherosclerosis, 2013. 229(2): p. 549–555. https://doi.org/10.1016/j.atherosclerosis.

2013.04.030 PMID: 23742964

20. Golledge J., et al., Association of impaired fasting glucose, diabetes and their management with the pre-

sentation and outcome of peripheral artery disease: a cohort study. Cardiovascular diabetology, 2014.

13(1): p. 147. https://doi.org/10.1186/s12933-014-0147-2 PMID: 25361884

21. Singh T.P., et al., Presentation and outcomes of indigenous Australians with peripheral artery disease.

BMC Cardiovasc Disord, 2018. 18(1): p. 94. https://doi.org/10.1186/s12872-018-0835-z PMID:

29769031

22. Golledge J., et al., Association of obesity and metabolic syndrome with the severity and outcome of

intermittent claudication. J Vasc Surg, 2007. 45(1): p. 40–6. https://doi.org/10.1016/j.jvs.2006.09.006

PMID: 17123770

23. Statistics A.B.o. Index or Relative Social Advantage and Disadvantage. 2018 27th March 2018 [cited

2018 10th May 2020]; Available from: http://www.abs.gov.au.

24. Golledge J., et al., Survival following abdominal aortic aneurysm repair in North Queensland is not asso-

ciated with remoteness of place of residence. PLoS One, 2020. 15(11): p. e0241802. https://doi.org/10.

1371/journal.pone.0241802 PMID: 33186377

25. Singh, T.P., et al., A comparison of major amputation rates and outcomes for Indigenous and non-Indig-

enous Australians in North Queensland., in Australasian Diabtes Conference 2019. 2019.

26. Peduzzi P., et al., A simulation study of the number of events per variable in logistic regression analysis.

J Clin Epidemiol, 1996. 49(12): p. 1373–9. https://doi.org/10.1016/s0895-4356(96)00236-3 PMID:

8970487

27. Holland, C., Closing the gap, A. Garrett, Editor. 2015.

28. Singh A.A., Socio-economic, geographic, and aboriginal and Torres strait islander inequalities in dia-

betic foot disease and diabetes-related lower extremity amputations. 2018.

29. Putting feet first in diabetes. Lancet, 2005. 366 North American Edition(9498): p. 1674–1674. https://

doi.org/10.1016/S0140-6736(05)67672-6 PMID: 16291044

30. Dillingham T.R., Pezzin L.E., and Shore A.D., Reamputation, mortality, and health care costs among

persons with dysvascular lower-limb amputations. Arch Phys Med Rehabil, 2005. 86(3): p. 480–6.

https://doi.org/10.1016/j.apmr.2004.06.072 PMID: 15759232

31. Lazzarini P.A., et al., Global trends in the incidence of hospital admissions for diabetes-related foot dis-

ease and amputations: a review of national rates in the 21st century. Diabetologia, 2023. 66(2): p. 267–

287. https://doi.org/10.1007/s00125-022-05845-9 PMID: 36512083

32. Creager M.A., et al., Reducing Nontraumatic Lower-Extremity Amputations by 20% by 2030: Time to

Get to Our Feet: A Policy Statement From the American Heart Association. Circulation, 2021. 143(17):

p. e875–e891. https://doi.org/10.1161/CIR.0000000000000967 PMID: 33761757

33. Lazzarini P.A., et al., Reduced Incidence of Foot-Related Hospitalisation and Amputation amongst Per-

sons with Diabetes in Queensland, Australia. PLoS One, 2015. 10(6): p. e0130609. https://doi.org/10.

1371/journal.pone.0130609 PMID: 26098890

34. Ahmed K., et al., Frequency of lower extremity amputations in patients with diabetics foot ulcers. Paki-

stan Journal of Medical and Health Sciences, 2017. 11(3): p. 1140–1142.

35. Wukich D.K. and Raspovic K.M., Assessing Health-Related Quality of Life in Patients With Diabetic

Foot Disease: Why Is It Important and How Can We Improve? The 2017 Roger E. Pecoraro Award Lec-

ture. Diabetes Care, 2018. 41(3): p. 391–397. https://doi.org/10.2337/dci17-0029 PMID: 29463665

36. Schofield C.J., et al., Mortality and hospitalization in patients after amputation: a comparison between

patients with and without diabetes. Diabetes Care, 2006. 29(10): p. 2252–6. https://doi.org/10.2337/

dc06-0926 PMID: 17003302

37. Mansoor Z. and Modaweb A., Predicting Amputation in Patients With Diabetic Foot Ulcers: A System-

atic Review. Cureus, 2022. 14(7): p. e27245. https://doi.org/10.7759/cureus.27245 PMID: 36035032

38. Perng C.K., Chou H.Y., and Chiu Y.J., Identifying major predictors of lower-extremity amputation in

patients with diabetic foot ulcers. J Chin Med Assoc, 2021. 84(3): p. 285–289. https://doi.org/10.1097/

JCMA.0000000000000473 PMID: 33323684

39. Alahakoon C., et al., Cohort Study Examining the Presentation, Distribution, and Outcomes of Periph-

eral Artery Disease in Aboriginal, Torres Strait Islander, and Non-Indigenous Australians. Eur J Vasc

Endovasc Surg, 2023.

40. Lo Z.J., et al., Diabetic Foot Limb Salvage-A Series of 809 Attempts and Predictors for Endovascular

Limb Salvage Failure. Ann Vasc Surg, 2018. 49: p. 9–16. https://doi.org/10.1016/j.avsg.2018.01.061

PMID: 29428535

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 12 / 13

https://doi.org/10.1016/j.atherosclerosis.2013.04.030
https://doi.org/10.1016/j.atherosclerosis.2013.04.030
http://www.ncbi.nlm.nih.gov/pubmed/23742964
https://doi.org/10.1186/s12933-014-0147-2
http://www.ncbi.nlm.nih.gov/pubmed/25361884
https://doi.org/10.1186/s12872-018-0835-z
http://www.ncbi.nlm.nih.gov/pubmed/29769031
https://doi.org/10.1016/j.jvs.2006.09.006
http://www.ncbi.nlm.nih.gov/pubmed/17123770
http://www.abs.gov.au
https://doi.org/10.1371/journal.pone.0241802
https://doi.org/10.1371/journal.pone.0241802
http://www.ncbi.nlm.nih.gov/pubmed/33186377
https://doi.org/10.1016/s0895-4356%2896%2900236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1016/S0140-6736%2805%2967672-6
https://doi.org/10.1016/S0140-6736%2805%2967672-6
http://www.ncbi.nlm.nih.gov/pubmed/16291044
https://doi.org/10.1016/j.apmr.2004.06.072
http://www.ncbi.nlm.nih.gov/pubmed/15759232
https://doi.org/10.1007/s00125-022-05845-9
http://www.ncbi.nlm.nih.gov/pubmed/36512083
https://doi.org/10.1161/CIR.0000000000000967
http://www.ncbi.nlm.nih.gov/pubmed/33761757
https://doi.org/10.1371/journal.pone.0130609
https://doi.org/10.1371/journal.pone.0130609
http://www.ncbi.nlm.nih.gov/pubmed/26098890
https://doi.org/10.2337/dci17-0029
http://www.ncbi.nlm.nih.gov/pubmed/29463665
https://doi.org/10.2337/dc06-0926
https://doi.org/10.2337/dc06-0926
http://www.ncbi.nlm.nih.gov/pubmed/17003302
https://doi.org/10.7759/cureus.27245
http://www.ncbi.nlm.nih.gov/pubmed/36035032
https://doi.org/10.1097/JCMA.0000000000000473
https://doi.org/10.1097/JCMA.0000000000000473
http://www.ncbi.nlm.nih.gov/pubmed/33323684
https://doi.org/10.1016/j.avsg.2018.01.061
http://www.ncbi.nlm.nih.gov/pubmed/29428535
https://doi.org/10.1371/journal.pone.0302186


41. Keswani A.N. and White C.J., The impact of peripheral arterial disease on patients with congestive

heart failure. Heart Fail Clin, 2014. 10(2): p. 327–38. https://doi.org/10.1016/j.hfc.2013.10.006 PMID:

24656109

42. Lazzarini P.A. and Fitridge R., Regional variations in amputation rates: are regional diabetic foot ser-

vices the reason? ANZ J Surg, 2019. 89(7–8): p. 796–797. https://doi.org/10.1111/ans.15161 PMID:

31379081

43. Drovandi A., et al., Perceptions of Australians with diabetes-related foot disease on requirements for

effective secondary prevention. Aust J Rural Health, 2023. https://doi.org/10.1111/ajr.12989 PMID:

37092611

PLOS ONE “Outcomes following minor amputation in people with diabetes-related foot disease”

PLOS ONE | https://doi.org/10.1371/journal.pone.0302186 July 5, 2024 13 / 13

https://doi.org/10.1016/j.hfc.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24656109
https://doi.org/10.1111/ans.15161
http://www.ncbi.nlm.nih.gov/pubmed/31379081
https://doi.org/10.1111/ajr.12989
http://www.ncbi.nlm.nih.gov/pubmed/37092611
https://doi.org/10.1371/journal.pone.0302186

