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Abstract

Diabetes-related foot disease (DFD) is imposing an enormous burden on the

health system and society due to the rapid growth of diabetes worldwide.

Given the paucity of robust data on the disease burden of DFD in Australia,

this study aimed to estimate the burden of disease due to DFD. The burden of

DFD was estimated using the disability-adjusted life-years (DALY) approach.

Data of 27 931 individuals aged 45 years and older with diabetes residing in

New South Wales (NSW) from the 45 and Up Study survey were used in this

study by linking it with the emergency department, hospital admissions and

the deaths' registry data. The disease burden of DFD was estimated as 8915

DALY in NSW and 27 164 DALY in Australia in 2011. The burden was promi-

nent among males and people aged 65 years and older. Most of the DALY

(87%) was attributed to years of life lost or the fatal burden due to diabetes-

related lower limb amputation (DRLEA). The total monetary values of DALY

of DFD for NSW and Australia were estimated at approximately AUD 2 billion

and AUD 6 billion annually, respectively. Preventative and curative priorities

should be given to DRLEA to reduce this burden and target males, especially

those aged 65 years and older.
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Key Messages
• diabetes-related foot disease (DFD) is imposing an enormous burden on the

health system and society due to the rapid growth of diabetes worldwide
• given the paucity of robust data on the disease burden of DFD in Australia,

this study aimed to estimate the burden of disease due to DFD
• the disease burden of DFD was estimated as 27 164 disability-adjusted life-

years (DALY) in Australia in 2011 with a monetary value of AUD 6 billion
annually
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• the burden was prominent among males and people aged 65 years and
older, with most of the DALY (87%) was attributed to years of life lost or the
fatal burden due to diabetes-related lower limb amputation (DRLEA)

• preventative and curative priorities should be given to DRLEA to reduce this
burden and target males, especially those aged 65 years and older

1 | BACKGROUND

Diabetes mellitus is the fastest growing chronic disease in
the world. According to the International Diabetes Feder-
ation, the estimated number of people with diabetes
(18-99 years) was 451 million in 2017 globally, and it was
projected to increase to 693 million by 2045.1 Approxi-
mately, 5 million deaths were associated with diabetes in
2017.1 The global burden of disease attributable to diabe-
tes was estimated as 67.9 million disability-adjusted life-
years (DALY)2 in 2017. People with diabetes are at signif-
icantly increased risk of having a range of complications,
including cardiovascular, renal, eye and lower-extremity
complications.3,4 The most disabling among these are the
lower-extremity complications of peripheral neuropathy,
foot ulceration, infection and amputation.5,6 Diabetes-
related foot disease (DFD) affected 131 million people
worldwide in 2016, ranking 11th in global disease bur-
den.7 At the same time, it ranked higher than ischemic
stroke (17th), ischemic heart disease (29th) and chronic
kidney disease (52nd) attributed to diabetes.7

Australia is not immune to this global public health
problem. The prevalence of diabetes in Australia has had
an upward trend for the last 25 years, and the total num-
ber of people with diabetes has tripled during this time.8

According to the Australian Bureau of Statistics (ABS)
2017-18 National Health Survey, an estimated 1.2 million
Australians (4.9% of the total population) had diabetes.8

The growing number of people with diabetes due to a
higher incidence of obesity, an ageing population and a
more sedentary lifestyle can exaggerate the situation in
the future.8

The prevalence of diabetes-related foot ulcer among
diabetes inpatients in Australia was reported as 15.1% in
2016,9 with DFD being responsible for 5400 lower limb
amputations annually.10 The amputation rate due to dia-
betes in Australia was reported as one of the highest
among developed countries.10 The high rates have not
decreased in a decade despite the country's economic pro-
gress.11 Lower limb amputations and DFD are also asso-
ciated with considerable morbidity and death. Over
5 years, the death rate after amputation ranged from 39%
to 80%, much greater than the mortality rate after many
cancers.12 DFD was responsible for almost 1000 deaths in
2005, the most recent year for which statistics are

available, accounting for approximately 8% of all
diabetes-related deaths in Australia.8

Assessment of disease burden is important for under-
standing the full impact of the disease.13 Despite DFD
being a major public health concern, the availability of
robust data on the disease burden of DFD in Australia
and worldwide is very limited. Zhang et al. (2020) were
the first to report the global DFD burden in 2016.7 They
reported the global burden estimates of DFD, and there-
fore, there is a scope of estimating the burden of disease
attributed to DFD for Australia and detailing it by age
and gender. Most recent Australian Burden of Disease
studies (ABDS) (2011 and 2015) reported the burden of
disease of diabetes aggregately; no separate estimates
were reported for diabetic foot complications.14,15 Besides
these reports, there have been some state-level and
disease-specific analyses of the burden of disease. The
study by the Australian Institute of Health and Welfare
(AIHW) (2017) was the first study to estimate Australia's
disease burden of diabetes-related lower limb amputation
(DRLEA) in 2011 at the national level based on Western
Australian linked hospitalisation and death data.16 In the
report, the non-fatal burden of DRLEA was demonstrated
in detail. At the same time, the report also stressed the
importance of using linked hospital data at the personal
level to estimate the burden more precisely by including
other diabetic foot complications and related fatal
burden.

The data on the disease burden of diabetic foot
complications are also very limited at the state level, such
as New South Wales (NSW). More than one-third of the
Australian population with diabetes live in NSW.17 The
population of NSW state can be a good representation of
the whole country due to its diverse geography and
demography.17

Given the paucity of research regarding the burden of
disease for DFD in Australia and NSW, our study will
address the research gap by estimating fatal and non-fatal
disease burden for different DFDs, using a large cohort
study in NSW linked with health services data. The objec-
tive of the study is to estimate the burden of DFD among
older adults in NSW and Australia. Specifically, this arti-
cle will examine the disease burden for different age
groups and gender. The disease burden of DFD in terms
of a comparable measure can help to understand the

AHMED ET AL. 1759



relative importance of DFD in setting up both preventa-
tive and curative priorities in the country. Moreover, it
will also help to compare the burden due to DFD with
other similar countries and contribute to international
literature.

2 | METHODS

2.1 | Data sources and record linkage

Our study used data from the 45 and Up Study baseline
survey and three health administrative data that were
linked by a unique identifier. The 45 and Up Study sur-
vey participants were individuals aged 45 years and above
residing in NSW, Australia. The survey was undertaken
and managed by the Sax Institute between 2006 and
2009.18 A random sample of 267 153 individuals aged
45 years and older from the Medicare Australia
(Australia's public health insurance system) database was
recruited in the survey. The survey's full details are avail-
able elsewhere.18 Our study utilised data from the 45 and
Up Study survey on self-reported diabetes status, gender
and age.19

The linked health administrative datasets included:

• NSW Admitted Patient Data Collection (APDC) that
contained hospital utilisation data on admitted
patients of public and private hospitals and private day
procedure centres in NSW;

• NSW Emergency Department Data Collection (EDDC)
that consisted of health services data of individuals
presented at public hospitals in NSW and

• NSW Registry of Births, Deaths and Marriages
(RBDM) had causes of deaths recorded as texts, with
up to five causes of death.

APDC and EDDC were utilised to identify different
diabetic foot complications using International Classifica-
tion of Disease 10th revision Australian Modification
(ICD-10 AM), International Classification of Diseases 9—
Clinical Modification (ICD-9 CM) and the Systematised
Nomenclature of Medicine—Clinical Terms (SNOMED-
CT) diagnostic codes. RBDM was used to identify any
participants who died in NSW, their date of death and
whether causes of death were related to diabetic foot
complications. These data sources have been detailed
elsewhere.20

The 45 and Up Study survey respondents' data were
linked to other data using the probabilistic matching pro-
cedure by the Centre for Health Record Linkage
(CHeReL) with a unique person project number
deidentifying the data.21 Hosting and access to the data

were provided via Secure Unified Research Environment
(SURE), a cloud-based computing environment.

2.2 | Ethics approval

This study was approved by NSW Population and Health
Services Research Ethics Committee, Western Sydney Uni-
versity Human Research Ethics Committee and ACT
Health Human Research Ethics and Governance. The
45 and Up Study had ethical clearance from the University
of New South Wales Human Research Ethics Committee.

2.3 | Study population and time period

The study year used in this study was 2011 for all survey
and health systems data. The study population from the
baseline survey in the 45 and Up Study survey in 2011
was 259 407 who were aged 45 years and over.

2.4 | Identification of diabetes, DFD and
causes of death

Individuals were identified as having diabetes if the 45 and
Up Study survey, hospital (APDC, EDDC) or RBDM data
reported participants as having diabetes. Diabetes was iden-
tified through the self-reported diabetes status from the
45 an Up Study survey, ICD-10 AM diagnostic codes (E10,
E11, E13 and E14), ICD-9 CM codes (249, 250) and
SNOMED-CT from APDC and EDDC.22,23 Additionally,
this study utilised analysis of the text of causes of deaths
from the RBDM to identify people with diabetes.

DFD was only ascertained if diabetes was identified
during or prior to the detection of foot complications.
Our study included diabetic foot ulcer (E1x.73), infection
(L03.02, L03.11, M86.x7, M86.x6), gangrene (E1x.52,
R02x), diabetic peripheral neuropathy (DPNP) (E1x.42)
and DRLEA (44370-00, 44373-00, 44367-01, 44367-02,
44338-00, 44358-00, 44361-00, 44361-01, 44364-00,
44364-01, 90557-00, Z89.4, Z89.5, Z89.6) as DFD. These
foot complications were identified from APDC and
EDDC.24-26

The causes of deaths related to DFD were identified
from the RBDM data. Diabetic foot ulcer, infection, gan-
grene (DFUIG), DPNP and DRLEA-related texts were
retrieved to assign the corresponding cause of death. Fur-
thermore, the cause of death was assumed to be associ-
ated with DRLEA if diabetes was recorded as a cause of
death,27 with a further assumption based on experts'
opinion that DRLEA occurred at least 5 years before the
person was deceased.
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2.5 | Calculation of DALY

The burden of disease was calculated using DALY
approach.28 DALY has two components: years of life
lived with disability (YLD) and the years of life lost due
to premature death (YLL). Our study adopted the hybrid
perspective for calculating DALY, consistent with the
ABDS 2011 and recent global studies.14,29 YLL was cal-
culated using the incidence-based approach, whereas
YLD was calculated from the prevalence perspective.
There were few advantages of the prevalence-based of
calculating YLD compared to the incidence-based
approach. The duration of the disease was not required
to calculate the YLD. As recommended by the ABDS
2011, the time discounting and age-weighting were not
applied to our estimates, consistent with the current
international practice.14,15 Age-standardised rates (ASR)
of different DALY components were calculated using
the 2001 Australian population as the standard popula-
tion per ABS and AIHW standards.14 The life expectancy
at the age of death was chosen according to the ABDS
2011.14

YLD and YLL are summed up to calculate the DALY
as follows:

DALY¼YLDþYLL:

2.5.1 | Years lived with disability

The formula for estimating YLD based on prevalence
approach follows as:

YLD¼
Xi Xj

PPij�DWi,

where:
Pi Pj

, sum over all age-sex groups and diabetic
foot complications; PPij, point prevalence of diabetic foot
complication i of j age-sex group; DWi, disability weight
of diabetic foot complication i.

Aggregate YLD is calculated for DFUIG, whereas
YLD for diabetic neuropathy and DRLEA were calculated
separately. Both crude and ASR of YLD per 100 000 peo-
ple were estimated. Total YLD was calculated by
summing up YLDs across all DFD.

2.5.2 | Years of life lost

YLL measures the fatal component of the burden of dis-
ease. The formula for calculating YLL follows as:

YLL¼
Xi Xa

Dai�La,

Pi Pa
, sum over all ages and diabetic foot complications;

Dai, number of deaths due to diabetic foot complication
i at age a; La life expectancy at age a.

Similar to the approach adopted to estimate YLD,
aggregate YLL was calculated for DFUIG, whereas YLL
for DRLEA was calculated separately.

2.5.3 | Disability weights

The disability weights of DFD and DRLEA were chosen
according to the Global Burden of Disease Study 2013
(GBD 2013) following ABDS 2011.14,29 The GBD 2013
reported disability weights for diabetic neuropathy, dia-
betic foot ulcer and toe and leg amputation. Our study
made further assumptions to utilise these disability
weights. The disability weight of diabetic foot ulcer (0.02)
was assigned to diabetic foot ulcer, diabetic foot infection
and gangrene, and the disability weight of diabetic neu-
ropathy (0.133) was used for DPNP in our study. In the
absence of information related to the prosthesis in the
current study, we used the average disability weight of
amputation with a prosthesis (0.039) and amputation
without a prosthesis (0.173). Again, the disability weight
of toe amputation (0.006) was used for toe or foot
amputation.

2.5.4 | DALY monetary value

After summing up YLD and YLL to calculate DALY, the
estimates were also converted to a monetary value by
multiplying them with the value of statistical life year.
The value of AUD 222 000 measured in 2021 dollars was
used in this study, recommended by the Department of
the Prime Minister and Cabinet of Australian
Government.30

3 | RESULTS

Out of 259 407 participants of the survey, 27 931 individ-
uals were identified to have diabetes, with 755 having
DFUIG, 487 having DPNP and 327 having DRLEA in
2011. The frequency and percentage distribution of cases
and deaths due to DFD and DRLEA among the survey
participants in 2011 are presented in Table 1. All types of
DFD and DRLEA cases were prominent (more than 60%)
among male participants. Deaths due to these conditions
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were even more dominant among males. About
three-quarters of deaths were due to DFUIG among
males, whereas about 90% of the deaths due to DRLEA
was observed among males in the study period. People
aged 65 years and older consisted of more than 70% cases

for all DFD and DRLEA. This age group was also
reported to have most percentage of deaths (over 80%)
due to all types of diabetic foot complications.

In Figure 1, a comparison of YLD for males and
females is shown by different age groups. For every age

FIGURE 1 Age-standardised years of life lived with disability (YLD) rate (per 100 000 people) due to different types of diabetes-related

foot disease (DFD) by age and gender

FIGURE 2 Age-standardised years of life lost (YLL) rate (per 100 000 people) due to different types of diabetes-related foot disease

(DFD) by age and gender
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group, the non-fatal burden of all types of DFD and
DRLEA was mostly borne by males. Among all foot com-
plications, DRLEA had widest the gap between male
YLD and female YLD. For instance, for the age group 80
to 85 years, males had five times more YLD due to
DRLEA than females. However, the difference between
YLD of males and females due to DPNP and DFUIG nar-
rowed for 75 years and above. The figure also clearly
depicts that the YLD increased with age. The relevant
data of Figure 1 are presented in Table S1.

In Figure 2, a comparison of YLLs for males and
females is shown by different age groups. Due to the low
number of deaths, the comparison was presented in two
age groups: 45 to 64 years and 65 years and older. As no
death was associated with DPNP, there was no YLL asso-
ciated with this complication. Similar to YLD burden,
YLL is significantly prominent among males. About 90%
of the YLL burden due to DFUIG and DRLEA was borne
by males. The major proportion of the total disease bur-
den for males was attributed to DRLEA. Therefore, as
expected, it can be seen from Figure 3 that DALY experi-
enced by males was highly prominent (about 80% of the
burden). The relevant data of Figures 2 and 3 are pres-
ented in Tables S2 and S3, respectively.

In Table 2, crude and ASR of all components of burden
of disease due to DFD and DRLEA are presented. The
ASR of DALY due to DRLEA (200.1) was about 10 times
higher than the DALY imposed by DPNP (20.0) and nearly
4 times higher than DFUIG (52.6). However, the ASR of

YLD for the DPNP (20.0) was the highest (62% of ASR of
YLD) among all foot complications. Overall, about 80%
and 73% of ASR of YLL and DALY were due to DRLEA.

Table 3 illustrated total YLD, YLL and DALY due to
diabetic foot complications and converted monetary
values for NSW and Australia. We calculated the esti-
mates for Australia assuming the same prevalence of dia-
betic foot complications and incidence of mortality. Total
DALY due to DFD and DRLEA in NSW in 2011 was esti-
mated as 8915, with more than 70% coming from
DRLEA. Out of this 8915 DALY, YLL contributed to 7767
(87%) DALY. The monetary values of DALY of NSW and
Australia were estimated as AUD 1979 million and AUD
6030 million, respectively.

4 | DISCUSSION

The current study set out to estimate the fatal and non-
fatal burden of disease of DFD and DRLEA among peo-
ple aged 45 years and older in NSW and Australia in
2011. Total DALY was calculated as 8915 in 2011. Extrap-
olated to Australians aged 45 years and above, the total
DALY was estimated as 27 164. Results showed that the
burden was prominent among males and people aged
65 years and over. About 87% of DALY was attributed to
YLL. Among different diabetic foot complications,
DRLEA contributed to most of the YLL and DALY, with
DPNP being the most contributor to YLD.

FIGURE 3 Age-standardised disability-adjusted life-years (DALY) rate (per 100 000 people) due to due to different types of diabetes-

related foot disease (DFD) by age and gender
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The ABDS 2011 on lower limb amputation found that
age-standardised YLD rate of 1.8 per 100 000 people in
Australia in 2011 due to DRLEA.16 The estimate was
lower compared to our estimate of 7.9. The prevalence
and other inputs used in the ABDS 2011 were based on

the National Hospital Morbidity Database and Western
Australian linked hospitalisation and death data. Our
study data were based on NSW. The difference in esti-
mates might be attributed to the prevalence of DRLEA in
two regions in 2011.

TABLE 2 Crude and age-standardised years of life lived with disability (YLD), years of life lost (YLL) and disability-adjusted life-years

(DALY) for people (45 years and above) with diabetes-related foot disease (DFD) in New South Wales (NSW) in 2011

YLD YLL DALY

Crude rate
Age-standardised
rate Crude rate

Age-standardised
rate Crude rate

Age-standardised
rate

Diabetic foot ulcer, infection and gangrene

Male 7.7 5.5 95.7 64.1 103.4 69.6

Female 4.3 3.4 27.6 28.8 31.8 32.2

Person 5.8 4.4 58.9 48.2 64.7 52.6

Diabetic peripheral neuropathy

Male 32.6 24.8 0.0 0.0 32.6 24.8

Female 18.6 15.6 0.0 0.0 18.6 15.6

Person 25.0 20.0 0.0 0.0 25.0 20.0

Diabetes-related lower limb amputation

Male 17.5 18.8 435.9 382.6 453.4 401.4

Female 4.5 3.7 37.8 29.9 42.3 33.6

Person 10.4 7.9 220.7 192.2 231.1 200.1

All DFD and diabetes-related lower limb amputation

Male 57.7 49.2 531.7 446.7 589.4 495.9

Female 27.4 22.7 65.4 58.7 92.8 81.4

Person 41.3 32.4 279.5 240.4 320.8 272.7

TABLE 3 Burden of disease due to different types of diabetes-related foot disease (DFD) among people aged 45 years and older in New

South Wales (NSW)a and Australiab in 2011

Total
YLD
in NSW

Total
YLD in
Australia

Total
YLL
in NSW

Total
YLL in
Australia

Total
DALY
in NSW

Total
DALY in
Australia

Monetary
valuec of
DALY (NSW)

Monetary
valuec of DALY
(Australia)

Diabetic foot
ulcer, infection
and gangrene

162 494 1636 4984 1798 5478 399 1216

Diabetic
peripheral
neuropathy

695 2118 — — 695 2118 154 470

Diabetes-related
lower limb
amputation

290 885 6132 18 683 6422 19 568 1426 4344

All DFD and
DRLEA

1148 3497 7767 23 667 8915 27 164 1979 6030

Abbreviations: DALY, disability-adjusted life-years; DRLEA, diabetes-related lower limb amputation; YLD, years of life lived with disability; YLL, years of
life lost.
aBased on NSW population (45 years and older) of 2.78 million in 2011.
bBased on Australian population (45 years and older) of 8.47 million in 2011.
cMonetary value is expressed in 2021 AUD (in million) and rounded to zero decimal place.
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Our study found that most of the burden of DFD was
concentrated among males and the older population. The
findings are similar to the ABDS 2011 on lower limb
amputation, where it was found that 73% of the YLD bur-
den due to DRLEA was borne by males.16 They also
found that the burden peaked at ages 85 years and over,
whereas our estimates were the highest for the 80 to
84 years age group. Our finding is also corroborated by
the study by Zhang et al. (2020), where they reported that
the burden disproportionately affected males and the
older aged population globally.7 Although females in
Australia have a higher life expectancy, the higher YLD
burden could be due to the higher prevalence of diabetic
foot complications among males for most age groups, as
documented by several studies.23,31-34

Our study found that the number of deaths due to
DFUIG was 7 per 100 000 people in 2011 among individ-
uals aged 45 years and older. At this rate, the total num-
ber of deaths due would equate to 587 deaths due to
DFUIG in Australia. The most recent data on mortality
due to diabetic foot complications dates to 2005, which
was reported in the study by the AIHW (2020).8 They
reported over 1000 deaths due to diabetic foot ulcer.
There might be an indication that the number of deaths
to diabetic foot ulcers decreased over the 6 years from
2005 to 2011. However, the burden attributed to mortality
was still the dominant contributor to the disease in our
study. We could not compare our results on the fatal bur-
den of DFD and DRLEA in the Australian setting due to
the unavailability of estimates in this regard in the exis-
ting literature. However, our finding was contrary to an
international study based in Brazil, where they found
that non-fatal burden comprised the majority proportion
of the total DALY burden.27 The reasons for the lower
contribution of YLD in the case of Australia might be
that the years lived with a disability after major amputa-
tion could be low as the incidence of amputation
occurred at a comparatively older age with a lower sur-
vival rate in the Australian population.

While our study found DRLEA to be the most con-
tributor (80%) of the fatal burden, DPNP had a higher
non-fatal burden than any other diabetic foot complica-
tions in this study (62%). The finding is consistent with
the most recent global study, which reported that neu-
ropathy had the largest share (76%) of the YLD burden.7

DPNP was associated with a high disability weight,
which could contribute to this burden along with the
fact it is a permanent condition, unlike diabetic foot
ulcer or infection. It could be possible that DPNP-
attributed YLD was an overestimation because DPNP
may occur other than lower extremity. In the absence of
etiological information in ICD-10 AM, we could not sep-
arate DPNP by its location. However, DPNP is more

likely to affect the lower extremity, minimising the
overestimation.35

Our study could provide new insights when findings
were compared with the ABDS 2011. In the ABDS 2011,
it was reported that a total of 106 097 DALY was due to
endocrine disorders.14 Our study found that DFD contrib-
uted 27 164 DALY in Australia in 2011, about 25% of the
total endocrine burden. At the same time, the burden
share of DFD was about 0.6% of total DALY due to all
causes in Australia, which ranks below the reproductive/
maternal-related health problem. Even with a separate
cause and an estimation for a sub-population, DALY due
to DFD would be ranked within 20 in the ABDS 2011.

The key strength of our study is that it included an
in-depth analysis of the burden of diabetic foot complica-
tions in terms of both morbidity and mortality of the dis-
ease in NSW and Australia. Another strength is the
inclusion of different diabetic foot complications such as
diabetic foot infection, gangrene and minor amputation,
which were not included in existing Australian and
global studies. However, the findings of this study should
be interpreted in light of a few limitations. First, similar
to the GBD studies, our study assumed that the morbidity
and death were attributed to DFD and DRLEA, although
the individual could have morbidity and mortality from
multiple causes. Second, the DALY calculated for
Australia might be a conservative estimate because the
prevalence of diabetes in other states of Australia could be
higher than NSW. However, the findings in terms of YLD
and YLL, which were not previously available in detail,
could add valuable insights to our understanding. Finally,
the study findings are not for the most recent year. How-
ever, to our knowledge, our study estimates are the most
recent available information for NSW and Australia.

5 | CONCLUSION

This study sought to fill the gap in the existing literature
about the burden of disease attributed to DFD and
DRLEA, and as such, provided comparable estimates in
terms of gender and age. The study found that males and
very old individuals disproportionately suffered from the
burden. It was also found that the mortality burden com-
prised much of this burden, which was due to prevent-
able DRLEA. Our research can help understand the
relative importance of diabetic foot complications in set-
ting up both preventative and curative priorities. It can
also help decision-makers to allocate resources for health
services research. At the same time, this study can help
identify the disadvantaged groups and target health inter-
ventions. Future research incorporating all diabetic foot
complications and most recent data can be considered to
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understand the trend and depth of the burden of this major
health problem more precisely. We also recommend dia-
betic foot complications to be treated as a separate cause in
future ABDS.
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