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Abstract

Background Diabetes and peripheral arterial disease (PAD) often synergistically lead to foot ulceration, infection,

and gangrene, which may require lower limb amputation. Worldwide there are disparities in the rates of advanced

presentation of PAD for vulnerable populations. This study examined rates of advanced presentations of PAD for

unemployed patients, those residing in low Index of Economic Resources (IER) areas, and those in rural areas of

Australia.

Methods A retrospective study was conducted at a regional tertiary care centre (2008–2018). To capture advanced

presentations of PAD, the proportion of operative patients presenting with complications (gangrene/ulcers), the

proportion of surgeries that are amputations, and the rate of emergency to elective surgeries were examined.

Multivariable logistic regression adjusting for year, age, sex, Charlson Comorbidity Index, and sociodemographic

variables was performed.

Results In the period examined, 1115 patients underwent a surgical procedure for PAD. Forty-nine per cent of

patients had diabetes. Following multivariable testing, the rates of those requiring amputations were higher for

unemployed (OR 1.99(1.05–3.79), p = 0.036) and rural patients (OR 1.83(1.21–2.76), p = 0.004). The rate of pre-

sentation with complications was higher for unemployed (OR 7.2(2.13–24.3), p = 0.001), disadvantaged IER (OR

1.91(1.2–3.04), p = 0.007), and rural patients (OR 1.73(1.13–2.65), p = 0.012). The rate of emergency to elective

surgery was higher for unemployed (OR 2.32(1.18–4.54), p = 0.015) and rural patients (OR 1.92(1.29–2.86),

p = 0.001).

Conclusions This study found disparities in metrics capturing delayed presentations of PAD: higher rates of pre-

sentations with complications, higher amputation rates, and increased rates of emergency to elective surgery, for

patients of low socioeconomic status and those residing in rural areas. This suggests barriers to appropriate, effective,

and timely care exists for these patients.
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Region Västra Götaland, Sweden

5 Townsville Clinical School, The Townsville Hospital, 100

Angus Smith Drive, Townsville, QLD 4818, Australia

123

World J Surg (2022) 46:1500–1507

https://doi.org/10.1007/s00268-022-06513-0

http://crossmark.crossref.org/dialog/?doi=10.1007/s00268-022-06513-0&amp;domain=pdf
https://doi.org/10.1007/s00268-022-06513-0


Introduction

Diabetes-related peripheral neuropathy and peripheral

arterial disease (PAD)-related arterial insufficiency often

synergistically lead to foot ulceration, infection, and gan-

grene, which may require lower limb amputation [1, 2].

Worldwide, there is one diabetes-related lower extremity

amputation occurring every 30 seconds [3]. Advanced

presentations of PAD indicate decreased access to surgical

care.

Internationally, there are disparities in access to PAD

surgical services for vulnerable populations. In the USA,

studies have demonstrated disparities in the amputation rates

among patients with diabetes or PAD by race/ethnicity [4–9],

income levels [4–8, 10, 11], insurance status [5, 7], and

rurality [8, 9, 12]. Studies conducted in countries with a

universal healthcare system have shown similar findings. For

patients from low socioeconomic areas, studies have found

higher rates of diabetic foot ulceration in Scotland [13] and

higher rates of PAD-related amputations for patients in

Canada [14], Finland [15], New Zealand [16], Scotland [13],

and the UK [17]. In Canada, those residing in rural areas have

higher rates of PAD-related amputations [18]. There is a lack

of Australian data on access to PAD surgical services for

vulnerable populations.

Most studies examining socioeconomic status use

neighbourhood-level indices rather than individual-level

data. Some Australian hospital databases include a patient

reported free text variable on occupation—an important

contributing factor to socioeconomic status [19]. This

allows examination of access to PAD surgical services by

both self-reported individual- and neighbourhood-level

indices of socioeconomic status.

There are several ways to potentially capture advanced

presentations of PAD utilising administrative data including

outcomes like the proportion of patients presenting with

complications (gangrene/ulcers), the proportion of surgeries

that are amputations, and the rate of emergency to elective

surgeries. This study examined how self-reported unem-

ployment, neighbourhood-level socioeconomic status, and

rurality are associated to these outcomes in Australia.

Methods

Study design

A retrospective study was conducted at a regional tertiary

care centre in Queensland, Australia. Due to data avail-

ability, a ten-year period between January 2008 and August

2018 was examined. Data for all surgical procedures for

PAD in adult (aged[ 18 years) patients were extracted.

Ethics approval was received from the Townsville Hospital

and Health Service Human Research Ethics Committee in

Australia (HREC/QTHS/57820). The ethics approval

included a patient consent waiver, which was required due

to the retrospective design of the study.

Data sources

Two administrative databases were utilised. The Operating

Room Management Information System (ORMIS) was

used to extract operative details for surgical procedures

performed. ORMIS patient identification numbers were

then matched to the Hospital Based Corporate Information

System (HBCIS).

Outcome variables

PAD was selected by principal diagnosis description codes

indicating diabetes-related peripheral neuropathy (E10.52,

E11.52, E11.51, E11.73, E11.71, E11.69, E11.61, E10.73,

E13.73) and PAD (I70.21, I70.22, I70.24, I70.23, I70.20,

R02)). Complications were coded by principal diagnosis

description codes indicating ulcers or gangrene (I70.24, I70.23,

R02, E10.52, E11.52, E11.73, E10.73, E13.73). Amputations

were identified by the principal procedure description and

included both amputations below (minor) and above (major)

the ankle (44,367–00, 44,367–02, 46,480–00, 46,465–00,

44,338–00, 44,358–00, 44,364–01, 44,364–00, 44,325–01).

Predictors

To code an unemployment variable, a free text occupation

variable was used. Responses indicating unemployment

were identified, including synonyms/variable spellings of

unemployed, and the various names of unemployment

social security benefits (Job Seeker, Working for the Dole,

and Newstart). Text in the occupation field indicating that

patients were not in the labour force (disability support/

pensions, stay at home parents, students, retirees, and

pensioners) was not coded as unemployed.

Neighbourhood-level socioeconomic status was attained

by linking patients’ residential postcodes to 2016 Census

tract Index of Economic Resources (IER) data. This proxy

for socioeconomic status focuses on financial aspects of

socioeconomic advantage and disadvantage [20]. For this

analysis, the bottom three IER national deciles, that is,

those with the greatest relative lack of access to economic

resources, were compared to the top three national deciles.

Residential postcodes were also linked to the Australian

Statistical Geography Standard Remoteness Area (ASGS-

RA) index [21]. This index divides Australia into five

levels of remoteness, based on relative access to services:

major cities, inner regional, outer regional, remote, and

very remote. For this analysis the five levels were rolled
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into three: major cities/inner regional, outer regional, and

remote/very remote.

The Charlson Comorbidity Index (CCI) was used to

adjust for pre-existing comorbidities [22]. Comorbidities

included in the index were derived from diagnosis codes

assigned during the episode of care using ICD 10-AM

(Australian modification) codes [22]. The index includes

myocardial infarction, congestive heart failure, PAD,

cerebrovascular disease, dementia, chronic pulmonary

disease, rheumatic disease, peptic ulcer disease, mild liver

disease, diabetes with/without chronic complications,

hemiplegia or paraplegia, renal disease, any malignancy

including lymphoma and leukaemia (except malignant

neoplasm of the skin), moderate or severe liver disease,

metastatic solid tumour, and AIDS/HIV. A weighted score

was assigned to each comorbidity; a score of zero indicates

that no comorbidities were found, and the higher the score,

the more the comorbidities were identified.

Statistical analysis

Independent factors examined were unemployment, low

socioeconomic status (IER), and rurality (ASGS-RA).

Descriptive statistics was presented as well as simple group

comparisons. Pearson’s Chi-squared tests were used for

categorical variables while continuous variables were

analysed with ANOVA tests.

Multivariable logistic regression models, based on a

conceptual model, were used adjusting for age, sex, year of

procedure, and CCI as confounding variables. The primary

outcomes (dependent variables) were the rate of

amputations, advanced presentations (ulcers/gangrene),

and the emergency-to-elective surgery ratio.

Sociodemographic variables were included in a subse-

quent analysis where appropriate. For analysis including

the domains of unemployment and IER, rurality was also

included in the sociodemographic adjustment models. For

analysis of rurality, both unemployment and IER were also

included in the sociodemographic adjustment models.

All analyses were performed using Stata 14/MP statis-

tical software package (StataCorp, College Station, TX).

All tests were done two-sided. The level of significance

was set to 0.05.

Results

A total of 1116 patients underwent a surgical procedure for

PAD between 2008 and 2018 (Table 1). Many patients had

diabetes (n = 542 (48.6%)). The proportion of surgeries

that were amputations was 41.1% (459); 75.2% (345) were

minor and 24.8% (114) were major.

Unemployed patients comprised 4.3% (48) of cases.

Those who were unemployed tended to be younger were

more likely to be male, and more likely to require emer-

gency surgery. There was no significant variation in CCI,

rates of amputations, or rates of those presenting with

complications.

There were 25.4% (283) of patients in the most disad-

vantaged IER. These patients tended to be younger, were

less likely to be male, had a higher CCI, were more likely

to require an amputation, and were more likely to be

Table 1 Demographics of study population

Characteristic Overall
n = 1,116

Occupation Index of economic resources Rurality

Other
n = 1,068
(95.7%)

Unemployed
n = 48
(4.3%)

P value Advantaged
n = 268
(24%)

Disadvantaged
n = 283
(25.4%)

P value Urban
n = 145
(13%)

Rural
n = 88
(7.98%)

P value

Age

Mean (SD) 63.1
(13.1)

63.8 (12.7) 45.9 (10.3) \ 0.001 65.5 (12.3) 61.1 (14.76) 0.002 65.4
(11.2)

61.7
(13.6)

0.0573

Sex, n (%)

Male 773
(69.3)

730 (68.4) 43 (89.6) 0.002 193 (72) 174 (61.5) 0.009 121
(83.5)

63 (71.6) \ 0.001

Charlson Comorbidity Index

Mean (SD) 1.72
(1.86)

1.74 (1.87) 1.21 (1.39) 0.0534 1.57 (1.79) 1.89 (1.96) 0.0466 1.23
(1.53)

1.85 (1.8) 0.0035

Markers of advanced disease at presentation, n (%)

Amputations 459
(41.1)

433 (40.5) 26 (54.2) 0.061 83 (31) 133 (47) \ 0.001 29 (20) 44 (50) \ 0.001

Complications 169
(15.1)

163 (15.3) 6 (12.5) 0.602 42 (15.7) 35 (12.4) 0.264 22 (15.2) 9 (10.2) 0.403

Emergency
surgery

554
(49.6)

521 (48.8) 33 (68.8) 0.007 127 (47.4) 150 (53) 0.188 54 (37.2) 45 (51.1) 0.006
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admitted through the emergency room. There was no sig-

nificant variation in those presenting with complications, or

those requiring emergency surgery.

There were 7.98% (88) of patients in the remote and

very remote category. These patients were less likely to be

male, had a higher mean CCI, were more likely to require

an amputation, were more likely to require an emergency

surgery, and were more likely to be admitted through the

emergency room. There was no significant variation in age

or in the rate of those presenting with complications.

Factors associated with the rate of amputations

There were disparities in the rate of amputations due to

PAD for unemployed patients (OR 2.27 (1.21–4.52),

0.011), and for those residing in disadvantaged IER areas

(OR 1.93 (1.33–2.81), 0.001) and in rural areas (OR 1.95

(1.46–2.6),\ 0.001) (Table 2). The disparity remained

statistically significant for unemployed (OR 1.99

(1.05–3.79), 0.036) and rural (OR 1.83 (1.21–2.76), 0.004)

domains after adjusting for sociodemographic variables.

Factors associated with the rate of presentations

with complications (gangrene or ulcers)

There was a disparity in the rates of presentations with

gangrene or ulcers due to atherosclerosis for all domains

examined: unemployment (OR 7.67 (2.28–25.7), 0.001),

low IER (OR 2.54 (1.68–3.84),\ 0.001), and rurality (OR

1.97 (1.45–2.67),\ 0.001). After adjusting for sociode-

mographic variables, the disparity remained statistically

significant for all domains: unemployment (OR 7.20

(2.13–24.34), 0.001), low IER (1.91 (1.20–3.04), 0.007),

and rurality (OR 1.73 (1.13–2.65), 0.012).

Factors associated with the rate of emergency

to elective surgery

Unemployed patients had higher rates of emergency to

elective surgery (OR 2.41 (1.23–4.7), 0.01). This remained

significant after adjustment for rurality (OR 2.32

(1.18–4.54), 0.015). Those residing in rural areas had a

significant disparity in the rate of emergency to elective

surgery after adjustment for unemployment and low IER

(OR 1.92 (1.29–2.86), 0.001). There were no significant

disparities in emergency to elective surgery rates for those

residing in the most disadvantaged IER areas.

Discussion

This study found disparities in metrics capturing delayed

presentations of PAD: higher rates of presentations with

complications, higher amputation rates, and increased rates

of emergency to elective surgery, for patients of low

socioeconomic status and those residing in rural areas. This

Table 2 Association between unemployment, socioeconomic disadvantage, rurality, and advanced presentations of peripheral arterial disease

Unadjusted OR (95%

CI), p value

Adjusted* OR (95%

CI), p value

Adjusted also including sociodemographic adjustment**

OR (95% CI), p value

Rate of amputations

Unemployment 1.73 (0.97–3.1), 0.063 2.27 (1.21–4.25), 0.011 1.99 (1.05–3.79), 0.036

Low Index of Economic

resources (IER)

1.97 (1.39–2.8), < 0.001 1.93 (1.33–2.81), 0.001 1.47 (0.902–1.17), 0.066

Rural 2.06
(1.56–2.73), < 0.001

1.95
(1.46–2.6), < 0.001

1.83 (1.21–2.76), 0.004

Rate of presentation with gangrene or ulcers

Unemployment 6.39 (1.97–20.7), 0.002 7.67 (2.28–25.7), 0.001 7.2 (2.13–24.3), 0.001

Low IER 2.74 (1.88–4), < 0.001 2.54
(1.68–3.84), < 0.001

1.91 (1.2–3.04), 0.007

Rural 2.30
(1.71–3.09), < 0.001

1.97
(1.45–2.67), < 0.001

1.73 (1.13–2.65), 0.012

Rate of emergency to elective surgery

Unemployment 2.31 (1.24–4.3), 0.008 2.41 (1.23–4.7), 0.01 2.32 (1.18–4.54), 0.015

Low IER 1.25 (0.896–1.75), 0.188 1.25 (0.866–1.8), 0.235 0.909 (0.603–1.37), 0.65

Rural 1.4 (1.08–1.82), 0.011 1.26 (0.963–1.66),

0.092

1.92 (1.29–2.86), 0.001

*All adjusted analysis adjusted for age, sex, year of procedure and Charlson Comorbidity Index

**For analysis including the domains of unemployment and IER, rurality was also included in the sociodemographic adjustment models. For

analysis of rurality, both unemployment and IER were also included in the sociodemographic adjustment models

World J Surg (2022) 46:1500–1507 1503

123



suggests barriers to appropriate, effective, and timely care

exists for these patients.

The outcomes examined in these metrics of advanced

presentation for PAD have a significant impact on patient

quality of life. In Australia, emergency admissions with

PAD have worse post-operative outcomes [23]. Most

amputations for PAD are preceded by foot ulceration [24],

and lower limb amputations are associated with signifi-

cantly decreased quality of life, increased morbidity,

mortality, and healthcare costs [25].

There were disparities in all markers of PAD access to

surgical care for patients residing in remote or very remote

areas. In Australia, just as globally, those residing in rural

areas tend to have higher adverse health outcomes,

including both higher hospitalisation and mortality rates for

chronic diseases, and poorer access to and use of health

services [26, 27]. There are several factors that may con-

tribute to this disparity: lower socioeconomic status, a

higher prevalence of lifestyle risk factors, lower access to

primary care services, and a relative shortage of healthcare

professionals—particularly specialists [24, 26, 27]. How-

ever, geographical proximity to primary care or hospital

clinics was not associated with diabetic foot ulcers or lower

extremity amputation in a UK cohort study [28]. Low

health literacy may also contribute; one Australian study of

diabetic patients attending rural podiatry clinics found a

lack of knowledge of basic diabetic information, indicating

insufficient provision of effective educational services for

patients in regional and rural areas [29].

There were disparities for patients of low socioeconomic

status, captured by both self-reported unemployment as

well as the neighbourhood-level IER. These results mirror

those of another Australian study, conducted in the state of

Victoria, which found that patients with diabetes residing

in low socioeconomic status areas were more likely to have

foot ulceration and below knee amputation [30]. Among

the most deprived within a population, the incidence of

disease tends to be higher, and its subsequent outcomes

tend to be worse—a phenomenon known as the social

gradient of health [31]. People who are socioeconomically

disadvantaged in Australia have higher rates of several risk

factors for PAD including higher rates of cardiovascular

disease, diabetes, and chronic kidney disease [32]. This

study adjusted for the CCI; comorbidities in this index

include a history of myocardial infarction, congestive heart

failure, diabetes, and renal disease. Despite adjusting for

the CCI, low socioeconomic status was associated with

advanced presentations of PAD.

A high percentage of patients with PAD-related surgery

had diabetes. Studies have shown that a decrease in PAD

amputation rates is possible, regardless of the presence of

comorbidities, with appropriate primary care (aggressive

medical care of hypertension, hyperlipidaemia, and

diabetes), risk factor modification, timely referral to vas-

cular surgical centres, adequate foot and wound care, and

aggressive revascularisation therapies [33–37]. Primary

care is vital compliance to pharmacotherapy, including

antiplatelet and statin therapy, lowers the risk of amputa-

tion and the mortality for patients with PAD [38–40].

Similarly, smoking cessation increases the amputation-free

survival time and decreases mortality rates [41].

Upstream disparities

While these metrics specifically examine surgical care,

disparities in the metrics do not solely represent a lack of

access to surgical care, rather a lack of access to health care

more broadly. In the USA, one study in a hospital outpa-

tient setting for PAD found that only 33% of patients

received antiplatelets, 33% received statins, and 36% of

smokers received smoking cessation counselling [42]. In

another study, 32% of patients who underwent an extremity

amputation for PAD did not receive any arterial testing (i.e.

ankle–brachial index, imaging, or angiography) in the year

before amputation—there was therefore no investigation

into the possibility of revascularisation, which may have

prevented the need for an amputation [43]. These are just

two examples of studies demonstrating missed opportuni-

ties to alter the path of PAD progression. There are likely

multiple upstream disparities in health care that ultimately

result in a disparity in these surgical metrics.

Limitations

Unemployment was used as a marker for low socioeco-

nomic status at an individual rather than neighbourhood

characteristic level. In Australia, aged pension benefits are

available from 66 years of age. The mean age of admission

for surgical patients with PAD in this cohort was

69.3 years—once many people have left the labour force.

Despite this, unemployment was a sensitive marker for

disparities in advanced PAD presentation, both prior to and

after adjustment for a patient’s age.

To attain data on neighbourhood-level socioeconomic

status, residential postcodes were linked to census tract IER

data. More granular geographical areas called statistical

local areas (SLA) can be linked to census tract data. These

granular areas perform more consistently as area-based

markers of socioeconomic status when compared to post-

codes [44, 45]. The IER may have been a more reliable

indicator of socioeconomic status had the data been linked

using a patient’s SLA.

Aboriginal and/or Torres Strait Islander Australians are

more likely to require lower limb amputations for indica-

tions of PAD, diabetic foot ulcers, or sepsis [46–50]. As

such, adjusting for Aboriginal and/or Torres Strait Islander
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status when examining unemployment, IER and rurality, as

well as examining outcomes for this group individually,

would have been prudent in this study. Unfortunately, the

Queensland Government did not allow for the acquisition

of any data relating to Aboriginal and/or Torres Strait

Islander status, despite investigators acquiring the neces-

sary full Human Research Ethics Committee approval and

attaining specific extramural funding to analyse this data.

Conclusion

This study found disparities in metrics capturing delayed

presentations of PAD: higher rates of presentations with

complications, higher amputation rates, and increased rates

of emergency to elective surgery, for patients of low

socioeconomic status and those residing in rural areas. This

suggests barriers to appropriate, effective, and timely care

exists for these patients.

Funding Open Access funding enabled and organized by CAUL and

its Member Institutions. Elzerie de Jager is a Doctor of Philosophy

candidate at an Australian university; this research degree is sup-

ported by an Australian Government Research Training Program

(RTP) Scholarship. This work is also supported by the Avant Doctor

in Training Research Scholarship.

Declarations

Conflict of interest Nil authors declared any conflict of interest.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as

long as you give appropriate credit to the original author(s) and the

source, provide a link to the Creative Commons licence, and indicate

if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless

indicated otherwise in a credit line to the material. If material is not

included in the article’s Creative Commons licence and your intended

use is not permitted by statutory regulation or exceeds the permitted

use, you will need to obtain permission directly from the copyright

holder. To view a copy of this licence, visit http://creativecommons.

org/licenses/by/4.0/.

References

1. Armstrong DG, Boulton AJM, Bus SA (2017) Diabetic foot

ulcers and their recurrence. N Engl J Med 376:2367–2375.

https://doi.org/10.1056/NEJMRA1615439

2. Singh N, Armstrong DG, Lipsky BA (2005) Preventing foot

ulcers in patients with diabetes. JAMA 293:217–228. https://doi.

org/10.1001/JAMA.293.2.217

3. Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J

(2005) The global burden of diabetic foot disease. Lancet

366:1719–1724. https://doi.org/10.1016/S0140-6736(05)67698-2

4. Feinglass J, Kaushik S, Handel D et al (2000) Peripheral bypass

surgery and amputation: northern Illinois demographics, 1993 to

1997. Arch Surg 135:75–80. https://doi.org/10.1001/ARCH

SURG.135.1.75

5. Eslami M, Zayaruzny M, Fitzgerald G (2007) The adverse effects

of race, insurance status, and low income on the rate of ampu-

tation in patients presenting with lower extremity ischemia.

J Vasc Surg 45:55–59. https://doi.org/10.1016/J.JVS.2006.09.044

6. Arya S, Binney Z, Khakharia A et al (2018) Race and socioe-

conomic status independently affect risk of major amputation in

peripheral artery disease. J Am Heart Assoc. https://doi.org/10.

1161/JAHA.117.007425

7. Henry AJ, Hevelone ND, Belkin M, Nguyen LL (2011) Socioe-

conomic and hospital-related predictors of amputation for critical

limb ischemia. J Vasc Surg 53:330–9.e1

8. Fanaroff AC, Yang L, Nathan AS et al (2021) Geographic and

socioeconomic disparities in major lower extremity amputation

rates in Metropolitan areas. J Am Heart Assoc 10:21456. https://

doi.org/10.1161/JAHA.121.021456

9. Jones W, Patel M, Dai D et al (2012) Temporal trends and

geographic variation of lower-extremity amputation in patients

with peripheral artery disease: results from U.S. Medicare

2000–2008. J Am Coll Cardiol 60:2230–2236. https://doi.org/10.

1016/J.JACC.2012.08.983

10. Gornick ME, Eggers PW, Reilly TW et al (2009) Effects of race

and income on mortality and use of services among medicare

beneficiaries. N Engl J Med 335:791–799. https://doi.org/10.

1056/NEJM199609123351106

11. Jensen KJ (2020) Socioeconomic distressed communities index

associated with higher burden of amputation in diabetic periph-

eral arterial disease. Foot Ankle Orthopaed 5:2473011420S0027.

https://doi.org/10.1177/2473011420S00271

12. Newhall K, Spangler E, Dzebisashvili N et al (2016) Amputation

rates for patients with diabetes and peripheral arterial disease: the

effects of race and region. Ann Vasc Surg 30:292. https://doi.org/

10.1016/J.AVSG.2015.07.040

13. Hurst J, Barn R, Gibson L et al (2020) Geospatial mapping and

data linkage uncovers variability in outcomes of foot disease

according to multiple deprivation: a population cohort study of

people with diabetes. Diabetologia 63:659–667. https://doi.org/

10.1007/S00125-019-05056-9

14. Amin L, Shah B, Bierman A et al (2014) Gender differences in

the impact of poverty on health: disparities in risk of diabetes-

related amputation. Diabet Med 31:1410–1417. https://doi.org/

10.1111/DME.12507

15. Venermo M, Manderbacka K, Ikonen T et al (2013) Amputations

and socioeconomic position among persons with diabetes melli-

tus, a population-based register study. BMJ Open 3:e002395.

https://doi.org/10.1136/BMJOPEN-2012-002395

16. Gurney J, Stanley J, York S et al (2018) Risk of lower limb

amputation in a national prevalent cohort of patients with dia-

betes. Diabetologia 61:626–635. https://doi.org/10.1007/S00125-

017-4488-8

17. Ferguson H, Nightingale P, Pathak R, Jayatunga A (2010) The

influence of socio-economic deprivation on rates of major lower

limb amputation secondary to peripheral arterial disease. Eur J

Vasc Endovasc Surg 40:76–80. https://doi.org/10.1016/J.EJVS.

2010.03.008

18. Hussain MA, Al-Omran M, Salata K et al (2018) Geographic

variation in the rates of amputations across ontario: a blueprint

for improvement. J Vasc Surg 68:e68. https://doi.org/10.1016/J.

JVS.2018.06.138

19. National Quality Forum Risk Adjustment for Socioeconomic

Status or Other Sociodemographic Factors. https://www.qual

ityforum.org/Publications/2014/08/Risk_Adjustment_for_

World J Surg (2022) 46:1500–1507 1505

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMRA1615439
https://doi.org/10.1001/JAMA.293.2.217
https://doi.org/10.1001/JAMA.293.2.217
https://doi.org/10.1016/S0140-6736(05)67698-2
https://doi.org/10.1001/ARCHSURG.135.1.75
https://doi.org/10.1001/ARCHSURG.135.1.75
https://doi.org/10.1016/J.JVS.2006.09.044
https://doi.org/10.1161/JAHA.117.007425
https://doi.org/10.1161/JAHA.117.007425
https://doi.org/10.1161/JAHA.121.021456
https://doi.org/10.1161/JAHA.121.021456
https://doi.org/10.1016/J.JACC.2012.08.983
https://doi.org/10.1016/J.JACC.2012.08.983
https://doi.org/10.1056/NEJM199609123351106
https://doi.org/10.1056/NEJM199609123351106
https://doi.org/10.1177/2473011420S00271
https://doi.org/10.1016/J.AVSG.2015.07.040
https://doi.org/10.1016/J.AVSG.2015.07.040
https://doi.org/10.1007/S00125-019-05056-9
https://doi.org/10.1007/S00125-019-05056-9
https://doi.org/10.1111/DME.12507
https://doi.org/10.1111/DME.12507
https://doi.org/10.1136/BMJOPEN-2012-002395
https://doi.org/10.1007/S00125-017-4488-8
https://doi.org/10.1007/S00125-017-4488-8
https://doi.org/10.1016/J.EJVS.2010.03.008
https://doi.org/10.1016/J.EJVS.2010.03.008
https://doi.org/10.1016/J.JVS.2018.06.138
https://doi.org/10.1016/J.JVS.2018.06.138
https://www.qualityforum.org/Publications/2014/08/Risk_Adjustment_for_Socioeconomic_Status_or_Other_Sociodemographic_Factors.aspx
https://www.qualityforum.org/Publications/2014/08/Risk_Adjustment_for_Socioeconomic_Status_or_Other_Sociodemographic_Factors.aspx


Socioeconomic_Status_or_Other_Sociodemographic_Factors.

aspx. Accessed 31 Jan 2019

20. Australian Bureau of Statistics Census of Population and Hous-

ing: Socio-Economic Indexes for Areas (SEIFA), Australia, 2016.

https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Sub

ject/2033.0.55.001*2016*Main%20Features*IER*21.

Accessed 27 Sep 2021

21. Australian Government Department of Health Australian Statis-

tical Geography Standard - Remoteness Area. https://www.

health.gov.au/health-topics/health-workforce/health-workforce-

classifications/australian-statistical-geography-standard-remote

ness-area. Accessed 28 Sep 2021

22. Sundararajan V, Henderson T, Perry C et al (2004) New ICD-10

version of the Charlson comorbidity index predicted in-hospital

mortality. J Clin Epidemiol 57:1288–1294. https://doi.org/10.

1016/J.JCLINEPI.2004.03.012

23. Choy OS, Manewell S, Rajendran S, Aitken SJ (2021) Variation

in treatment and outcomes for patients with chronic limb-

threatening ischaemia in New South Wales, Australia. ANZ J

Surg 91:1211–1219. https://doi.org/10.1111/ANS.16886

24. Boulton AJM (2008) The diabetic foot: grand overview, epi-

demiology and pathogenesis. Diabetes Metab Res Rev 24:S3–S6.

https://doi.org/10.1002/DMRR.833

25. Duff S, Mafilios M, Bhounsule P, Hasegawa J (2019) The burden

of critical limb ischemia: a review of recent literature. Vasc

Health Risk Manag 15:187–208. https://doi.org/10.2147/VHRM.

S209241

26. Chondur R, Li S, Guthridge S, Lawton P (2014) Does relative

remoteness affect chronic disease outcomes? Geographic varia-

tion in chronic disease mortality in Australia, 2002–2006. Aust N

Z J Public Health 38:117–121. https://doi.org/10.1111/1753-

6405.12126

27. Smith K, Humphreys J, Wilson M (2008) Addressing the health

disadvantage of rural populations: how does epidemiological

evidence inform rural health policies and research? Aust J Rural

Health 16:56–66. https://doi.org/10.1111/J.1440-1584.2008.

00953.X

28. Leese G, Feng Z, Leese R et al (2013) Impact of health-care

accessibility and social deprivation on diabetes related foot dis-

ease. Diabet Med 30:484–490. https://doi.org/10.1111/DME.

12108

29. Perrin BM, Allen P, Gardner MJ et al (2019) The foot-health of

people with diabetes in regional and rural Australia: baseline

results from an observational cohort study. J Foot Ankle Res.

https://doi.org/10.1186/S13047-019-0366-6

30. Bergin SM, Brand CA, Colman PG, Campbell DA (2011) The

impact of socio-economic disadvantage on rates of hospital

separations for diabetes-related foot disease in Victoria, Aus-

tralia. J Foot Ankle Res 4:17. https://doi.org/10.1186/1757-1146-

4-17

31. Australian Institute of Health and Welfare Health across

socioeconomic groups. https://www.aihw.gov.au/reports/aus

tralias-health/health-across-socioeconomic-groups. Accessed 26

Sep 2021

32. Australian Institute of Health and Welfare (2019) Indicators of

socioeconomic inequalities in cardiovascular disease, diabetes

and chronic kidney disease. Canberra

33. Hallett JW, Byrne J, Gayari MM et al (1997) Impact of arterial

surgery and balloon angioplasty on amputation: a population-

based study of 1155 procedures between 1973 and 1992. J Vasc

Surg 25:29–38. https://doi.org/10.1016/S0741-5214(97)70318-5

34. Reiber G, Pecoraro R, Koepsell T (1992) Risk factors for

amputation in patients with diabetes mellitus. A case-control

study. Ann Intern Med 117:97–105. https://doi.org/10.7326/0003-

4819-117-2-97

35. Weaver F, Burdi M, Pinzur M (1994) Outpatient foot care: cor-

relation to amputation level. Foot Ankle Int 15:498–501. https://

doi.org/10.1177/107110079401500908

36. Larsson J, Apelqvist J, Agardh C, Stenström A (1995) Decreasing

incidence of major amputation in diabetic patients: a consequence

of a multidisciplinary foot care team approach? Diabet Med

12:770–776. https://doi.org/10.1111/J.1464-5491.1995.TB02078.

X

37. Bild D, Selby J, Sinnock P et al (1989) Lower-extremity ampu-

tation in people with diabetes. Epidemiol Prev Diabetes Care

12:24–31. https://doi.org/10.2337/DIACARE.12.1.24

38. Ardati AK, Kaufman SR, Aronow HD et al (2012) The quality

and impact of risk factor control in patients with stable claudi-

cation presenting for peripheral vascular interventions. Circul

Cardiovasc Interv 5:850–855. https://doi.org/10.1161/CIR

CINTERVENTIONS.112.975862

39. Armstrong EJ, Chen DC, Westin GG et al (2014) Adherence to

guideline-recommended therapy is associated with decreased

major adverse cardiovascular events and major adverse limb

events among patients with peripheral arterial disease. J Am

Heart Assoc. https://doi.org/10.1161/JAHA.113.000697

40. Pande RL, Perlstein TS, Beckman JA, Creager MA (2011) Sec-

ondary prevention and mortality in peripheral artery disease.

Circulation 124:17–23. https://doi.org/10.1161/CIRCULATIO

NAHA.110.003954

41. Armstrong EJ, Wu J, Singh GD et al (2014) Smoking cessation is

associated with decreased mortality and improved amputation-

free survival among patients with symptomatic peripheral artery

disease. J Vasc Surg 60:1565–1571. https://doi.org/10.1016/J.

JVS.2014.08.064

42. Berger JS, Ladapo JA (2017) Underuse of prevention and life-

style counseling in patients with peripheral artery disease. J Am

Coll Cardiol 69:2293–2300. https://doi.org/10.1016/J.JACC.

2017.02.064

43. Vemulapalli S, Greiner MA, Jones WS et al (2014) Peripheral

arterial testing before lower extremity amputation among medi-

care beneficiaries, 2000 to 2010. Circul Cardiovasc Qual Out-

comes 7:142–150. https://doi.org/10.1161/CIRCOUTCOMES.

113.000376

44. Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian

SV, Carson R (2002) Geocoding and monitoring of US socioe-

conomic inequalities in mortality and cancer incidence: does the

choice of area-based measure and geographic level matter? the

Public Health Disparities Geocoding Project. Am J Epidemiol

156(5):471–482

45. Hyndman JCG, Holman CDJ, Hockey RL et al (1995) Misclas-

sification of social disadvantage based on geographical areas:

comparison of postcode and collector’s district analyses. Int J

Epidemiol 24:165–176. https://doi.org/10.1093/ije/24.1.165

46. Jeyaraman K, Berhane T, Hamilton M et al (2019) Amputations

in patients with diabetic foot ulcer: a retrospective study from a

single centre in the Northern Territory of Australia. ANZ J Surg

89:874–879. https://doi.org/10.1111/ans.15351

47. Singh TP, Moxon JV, Healy GN et al (2018) Presentation and

outcomes of indigenous Australians with peripheral artery dis-

ease. BMC Cardiovasc Disorders. https://doi.org/10.1186/

s12872-018-0835-z

48. Rodrigues BT, Vangaveti VN, Malabu UH (2016) Prevalence and

risk factors for diabetic lower limb amputation: a clinic-based

case control study. J Diabetes Res 2016:5941957. https://doi.org/

10.1155/2016/5941957

49. O’Rourke S, Steffen C, Raulli A, Tulip F (2013) Diabetic major

amputation in Far North Queensland 1998–2008: what is the Gap

for Indigenous patients? Aust J Rural Health 21:268–273. https://

doi.org/10.1111/AJR.12044

1506 World J Surg (2022) 46:1500–1507

123

https://www.qualityforum.org/Publications/2014/08/Risk_Adjustment_for_Socioeconomic_Status_or_Other_Sociodemographic_Factors.aspx
https://www.qualityforum.org/Publications/2014/08/Risk_Adjustment_for_Socioeconomic_Status_or_Other_Sociodemographic_Factors.aspx
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001~2016~Main%20Features~IER~21
https://www.abs.gov.au/ausstats/abs@.nsf/Lookup/by%20Subject/2033.0.55.001~2016~Main%20Features~IER~21
https://www.health.gov.au/health-topics/health-workforce/health-workforce-classifications/australian-statistical-geography-standard-remoteness-area
https://www.health.gov.au/health-topics/health-workforce/health-workforce-classifications/australian-statistical-geography-standard-remoteness-area
https://www.health.gov.au/health-topics/health-workforce/health-workforce-classifications/australian-statistical-geography-standard-remoteness-area
https://www.health.gov.au/health-topics/health-workforce/health-workforce-classifications/australian-statistical-geography-standard-remoteness-area
https://doi.org/10.1016/J.JCLINEPI.2004.03.012
https://doi.org/10.1016/J.JCLINEPI.2004.03.012
https://doi.org/10.1111/ANS.16886
https://doi.org/10.1002/DMRR.833
https://doi.org/10.2147/VHRM.S209241
https://doi.org/10.2147/VHRM.S209241
https://doi.org/10.1111/1753-6405.12126
https://doi.org/10.1111/1753-6405.12126
https://doi.org/10.1111/J.1440-1584.2008.00953.X
https://doi.org/10.1111/J.1440-1584.2008.00953.X
https://doi.org/10.1111/DME.12108
https://doi.org/10.1111/DME.12108
https://doi.org/10.1186/S13047-019-0366-6
https://doi.org/10.1186/1757-1146-4-17
https://doi.org/10.1186/1757-1146-4-17
https://www.aihw.gov.au/reports/australias-health/health-across-socioeconomic-groups
https://www.aihw.gov.au/reports/australias-health/health-across-socioeconomic-groups
https://doi.org/10.1016/S0741-5214(97)70318-5
https://doi.org/10.7326/0003-4819-117-2-97
https://doi.org/10.7326/0003-4819-117-2-97
https://doi.org/10.1177/107110079401500908
https://doi.org/10.1177/107110079401500908
https://doi.org/10.1111/J.1464-5491.1995.TB02078.X
https://doi.org/10.1111/J.1464-5491.1995.TB02078.X
https://doi.org/10.2337/DIACARE.12.1.24
https://doi.org/10.1161/CIRCINTERVENTIONS.112.975862
https://doi.org/10.1161/CIRCINTERVENTIONS.112.975862
https://doi.org/10.1161/JAHA.113.000697
https://doi.org/10.1161/CIRCULATIONAHA.110.003954
https://doi.org/10.1161/CIRCULATIONAHA.110.003954
https://doi.org/10.1016/J.JVS.2014.08.064
https://doi.org/10.1016/J.JVS.2014.08.064
https://doi.org/10.1016/J.JACC.2017.02.064
https://doi.org/10.1016/J.JACC.2017.02.064
https://doi.org/10.1161/CIRCOUTCOMES.113.000376
https://doi.org/10.1161/CIRCOUTCOMES.113.000376
https://doi.org/10.1093/ije/24.1.165
https://doi.org/10.1111/ans.15351
https://doi.org/10.1186/s12872-018-0835-z
https://doi.org/10.1186/s12872-018-0835-z
https://doi.org/10.1155/2016/5941957
https://doi.org/10.1155/2016/5941957
https://doi.org/10.1111/AJR.12044
https://doi.org/10.1111/AJR.12044


50. Nesbitt A, Goodall K, Bakshi V, Bhutia S (2019) Major lower

limb amputations in Far North Queensland. ANZ J Surg

89:880–884. https://doi.org/10.1111/ANS.15031

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

World J Surg (2022) 46:1500–1507 1507

123

https://doi.org/10.1111/ANS.15031

	Disparities in Advanced Peripheral Arterial Disease Presentation by Socioeconomic Status
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study design
	Data sources
	Outcome variables
	Predictors
	Statistical analysis

	Results
	Factors associated with the rate of amputations
	Factors associated with the rate of presentations with complications (gangrene or ulcers)
	Factors associated with the rate of emergency to elective surgery

	Discussion
	Upstream disparities
	Limitations

	Conclusion
	Open Access
	References




