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Abstract
Aims/hypothesis The aims of this study were to assess the
incidence, predictors, consequences, and inpatient cost of
lower extremity amputation (LEA) in a community-based
cohort of type 2 diabetic patients.
Methods Between 1993 and 1996, 1,294 patients with type
2 diabetes were recruited to the longitudinal, observational
Fremantle Diabetes Study. LEAs and mortality from cardiac
causes were monitored until 30 June 2005. Inpatient costs
(in A$ in year 2000), derived using a case-mix approach,
were available for the period from 1 July 1993 to 30 June
2000.
Results During follow-up 44 patients without LEA at
baseline had a first-ever diabetes-related LEA, an incidence
of 3.8 per 1,000 patient-years. Independent predictors of
first-ever LEA included foot ulceration (hazard ratio [95%
CI]: 5.56 [1.24–25.01]), an ankle brachial index e0.90
(2.21 [1.11–4.42]), HbA1c (increase of 1%: 1.30 [1.10–
1.54]) and neuropathy (2.65 [1.30–5.44]). The risk of
cardiac death was significantly increased in patients with
LEA at baseline, although this was not an independent risk
factor. The median (interquartile range) inpatient cost per

LEA admission was A$12,485 (A$6,037–A$24,415), with
a median length of stay of 24 (10–43) days.
Conclusions/interpretation First-ever LEAs in type 2
patients were associated with poor glycaemic control, foot
ulceration and evidence of microvascular and macrovascu-
lar disease. Patients with LEA were at increased risk of
cardiac death. LEAs contribute disproportionately to diabe-
tes-related inpatient costs.

Keywords Cohort study . Cost . Epidemiology .

Lower extremity amputation . Type 2 diabetes

Abbreviations
ABI ankle brachial index
ACR urinary albumin:creatinine ratio
CVD cerebrovascular disease
DRG diagnostic related group
FDS Fremantle Diabetes Study
HR hazard ratio
ICD International Classification of Diseases
IQR interquartile range
LEA lower extremity amputation
LOS length of stay
PAD peripheral arterial disease
UKPDS United Kingdom Prospective Diabetes Study
WADLS Western Australian Data Linkage System

Introduction

Diabetes increases the risk of lower extremity amputation
(LEA) by 10 to 20 times [1, 2] and is associated with half
of all LEAs worldwide [3]. Apart from the obvious
associated morbidity, diabetic patients with LEA have an
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increased risk of death from cardiovascular disease [4, 5].
Vascular complications such as LEAs are also the major
drivers of diabetes-related direct health care costs [6, 7]. In
the USA in 2001, the direct costs of inpatient care and
prostheses for the estimated 42,424 diabetic patients
undergoing LEA totalled US$1.65 billion [8] or nearly
2% of the annual total direct health care cost of diabetes [9].

There is evidence that some of the complications of
diabetes can be prevented or at least delayed cost-
effectively if glycaemia, serum lipids and blood pressure
are treated intensively [10–12]. The role of this strategy in
the prevention of LEA has yet to be confirmed. The United
Kingdom Prospective Diabetes Study (UKPDS), which
excluded patients with significant cardiovascular disease,
did not have the statistical power to assess the effectiveness
of intensive glycaemic control on LEA as a single
complication [13]. Indeed, the non-significant 39% reduc-
tion in the incidence of LEA in patients managed in this
way probably reflected the relatively small number of such
events [14].

In the light of the relative paucity of longitudinal data
from well-characterised diabetic patients in the community,
the aim of the present study was to assess the prevalence,
incidence and predictors of LEAs in a large representative
cohort. In addition, we estimated the direct inpatient costs
of this important complication.

Subjects and methods

Patients

The Fremantle Diabetes Study (FDS) was a longitudinal
observational study of patients from a postcode-defined
community of 120,097 people. We identified 2,258 diabetic
subjects between 1993 and 1996 using multiple sources
(including hospital lists, general practitioners, specialists,
allied health services, pharmacies and advertisements) and
recruited 1,426 (63%) to annual assessments, of whom
1,294 (91%) had type 2 diabetes [15, 16]. Eligible patients
who declined participation were older than participants, but
the proportion with type 2 diabetes and the distribution of
treatment modalities were similar [17]. The FDS protocol
was approved by the Human Rights Committee at Freman-
tle Hospital and all subjects gave informed consent before
participation. The present sample comprised the 1,294
patients with type 2 diabetes who attended the baseline
assessment.

Clinical assessment

All FDS patients were recruited between 1993 and 1996. At
baseline and subsequent annual reviews, a comprehensive

history of diabetes and co-morbid conditions was taken and
a physical examination performed including detailed foot
inspection [15, 16]. A foot ulcer was considered present if
there was one on either side. Abdominal obesity was
defined as a waist circumference Q102 cm in men and
Q88 cm in women [18]. Complications were identified
using standard definitions. Peripheral sensory neuropathy
was defined as a score of >2/8 on the clinical portion of the
Michigan Neuropathy Screening Instrument [19]. A subject
was considered to have retinopathy if any grade of
retinopathy, including maculopathy, was detected by direct
and/or indirect ophthalmoscopy in one or both eyes and/or
on more detailed assessment by an ophthalmologist. Self-
reported stroke and transient ischaemic attack were amal-
gamated with prior hospitalisations to define baseline
cerebrovascular disease (CVD) status. Patients were classi-
fied as having CHD if there was a self-reported history of,
or hospitalisation for, myocardial infarction, angina, coro-
nary artery bypass grafting, angioplasty, and/or definite
myocardial infarction on a Minnesota-coded electrocardio-
gram [20]. Peripheral arterial disease (PAD) was considered
to be present when the ankle brachial index (ABI) was
e0.90 (either side) [21]. From automated biochemical
analyses of fasting blood and urine samples provided by
each patient, nephropathy was defined as a urinary
albumin:creatinine ratio (ACR) Q3.0 mg/mmol in a first
morning urine sample [22]. We calculated the estimated
GFR using the Modification of Diet in Renal Disease
equation [23].

Lower extremity amputations and mortality

A government register records details of all deaths and
hospital admissions in Western Australia and is part of the
larger Western Australian Data Linkage System (WADLS)
[24]. The Confidentiality of Health Information Commit-
tee approved linkage with the FDS database. These
sources provided hospital admissions and all-cause mor-
tality from the beginning of the study until end-June 2005.
All hospital admissions for LEA were identified using
relevant International Classification of Disease (ICD)
procedure codes, i.e. ICD-9-CM and ICD-10-AM (see
Electronic supplementary material). The corresponding
diagnosis codes were examined to confirm that the LEAs
were for diabetes-related reasons. The causes of death were
reviewed independently by two of the authors (D. G. Bruce
and T. M. E. Davis) and classified as being due to cardiac
or other causes under the same system as used in the
UKPDS [13]. The crude incidence of first-ever diabetes-
related LEA was determined in patients without LEA at
study entry by dividing the number of first-ever diabetes-
related LEAs by the patient-years of follow-up to first-ever
LEA or death or 30 June 2005. The crude incidence of total
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diabetes-related LEAs was determined by dividing the
number of all LEAs in the cohort during follow-up by the
patient-years of follow-up to death or 30 June 2005. A
major amputation was defined as through, or proximal to,
the tarsometatarsal joint and a minor amputation as one
distal to this joint [3].

Cost of hospitalisation for diabetes-related lower extremity
amputation

Inpatient costs (in A$ in year 2000) for the FDS type 2
cohort were derived using a case-mix approach based on
Australian National Diagnosis Related Groups (AN-DRG)
Version 3.1 (Commonwealth Department of Health and
Family Services, Canberra, Australia) and were available
for the period from 1 July 1993 to 30 June 2000 [22]. The
Health Department of Western Australia provided 1999 to
2000 cost-weights for AN-DRG 3.1. Cost-weights are
recomputed annually based on individually costed episodes
[25] excluding accrual-type items such as superannuation,
fringe-benefit tax and building depreciation.

Statistical analysis

The computer package SPSS for Windows (version 11.5)
was used. Data are presented as proportions, means
(TSD), geometric mean (SD range), or, in the case of
variables that did not conform to a normal or ln–normal
distribution, median (interquartile range [IQR]). For
independent samples, two-way comparisons for propor-
tions were by Fisher_s exact test, for normally distributed
variables by Student_s t test, and for non-normally
distributed variables by Mann–Whitney U test. The non-
parametric Kruskal–Wallis test was used to compare three
or more independent non-normally distributed samples. A
p value <0.05 was considered significant. Survival (from
LEA or cardiac mortality) curves defined by (1) sex, (2)
FDS participation, and (3) baseline diabetes-related LEA
status were constructed with the use of Kaplan–Meier
estimates and compared with the log-rank test. Cox
proportional hazards modelling (forward conditional vari-
able entry and removal with p <0.05 and >0.10, respec-
tively) was used to determine independent predictors of
both first-ever LEA and cardiac mortality. All clinically
plausible univariate variables with p <0.20 were considered
for entry into the models, except, in the case of first-ever
LEA, podiatrist visits, which were excluded since patients
with ulcers were more likely to have attended a podiatrist.
In the case of cardiac mortality, ABI, neuropathy, and BMI
were excluded because it was not possible to measure these
variables accurately in most of the baseline amputees.
Exercise was also not considered since amputees may have
been less likely to exercise because of LEA.

Results

Amputations

At baseline, 1.5% (19/1,294) of patients had undergone prior
LEA including four bilateral amputees. Of these, 15 (1.2%
[95% CI] [0.7–2.0%]) were diabetes-related, the remaining
four being due to cancer (two), polio, and a motor vehicle
accident. Of the 15 prevalent diabetes-related LEAs, ten
were in men, but the difference in prevalence by sex was not
significant (p=0.20). During 11,775 patient-years of follow-
up (mean 9.1T3.1 years), there were a further 71 LEAs in
48 patients which were all diabetes-related, or 6.0/1,000
patient-years. There were 40 (56.3%) toe, 13 (18.3%)
below knee, 13 (18.3%) above knee, three foot and two re-
amputations. Fifteen patients had multiple amputations with
four progressing from toe to below knee amputations.

Of the 1,279 type 2 patients without diabetes-related LEA
at baseline, 44 had their first-ever diabetes-related LEA
during follow-up, an incidence of 3.8/1,000 patient-years. In
men the incidence was 4.8/1,000 patient-years compared
with 2.9/1,000 patient-years for women (p=0.11 by log-rank
test). Twenty-seven had a first-ever minor amputation
(2.3/1,000 patient-years). In the 1,284 subjects without a
major diabetes-related LEA at baseline, 21 had a first-ever
major LEA, an incidence of 1.8/1,000 patient-years.

The baseline univariate and independent determinants of
incident first-ever diabetes-related LEA are shown in
Tables 1 and 2, respectively. Patients who underwent a
first-ever LEA during follow-up had longer diabetes
duration, worse glycaemic control and higher systolic blood
pressure, and hence were more likely to be insulin-treated
and taking blood pressure-lowering medication, especially
ACE inhibitors. They were also significantly more likely to
have nephropathy, retinopathy and neuropathy, PAD and
CVD. A higher proportion had foot ulcer(s) and had
attended a podiatrist before study entry, although they were
no more likely to have ever had diabetes education.
Independent predictors of first-ever diabetes-related LEA
were nephropathy, retinopathy, neuropathy, PAD and CVD,
as well as poor glycaemic control. The presence of foot
ulcer increased the risk of first-ever LEA fivefold.

The WADLS provided additional data relating to
amputations in patients living in the catchment area but
who were not recruited to the FDS. Between 1 January
1993 and 30 June 2005, there were 160 diabetes-related
LEAs in 98 of all 2,258 diabetic patients identified in the
study area. The likelihood of a first LEA during a mean
follow-up of 10.2T3.6 years was no different between
recruited and non-recruited subjects (4.1 vs 4.8%; p=0.13
by log-rank test). After adjusting for age and sex using Cox
proportional hazards modelling, non-recruited subjects were
no more likely to experience LEA during follow-up than
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FDS participants (hazard ratio [HR] [95% CI]: 1.41 [0.94–
2.12]; p=0.10). Because we did not have access to clinical
details such as LEA in non-recruited subjects prior to the
FDS, it was not possible to compare prevalent LEA at the
start of the FDS between non-recruits and participants.

Lower extremity amputation and mortality

Of the 15 FDS participants with diabetes-related LEA at
study entry, 13 (86.7%) died during follow-up compared
with 434 (33.9%) without (p<0.001). Of these 15 partici-

Table 1 Univariate baseline associates of first-ever diabetes-related LEA during follow-up

Baseline variable No diabetes-related LEA Diabetes-related LEA p value

N 1,235 44
Age (years) 63.9T11.4 66.8T9.3 0.050
Male (%) 48.2 59.1 0.17
Diabetes duration (years) 4.0 (1.0–8.0) 10.5 (5.0–17.0) <0.001
BMI (kg/m2) 29.6T5.4 29.1T5.2 0.53
Abdominal obesity (%) 64.9 61.4 0.63
Fasting plasma glucose (mmol/l) 8.4 (6.9–10.7) 10.7 (7.8–12.4) 0.002
HbA1c (%) 7.4 (6.4–8.8) 8.8 (7.0–10.7) 0.001
HbA1c Q7.0% (%) 62.0 77.3 0.040
Diabetic control (%):
Diet 33.2 4.5 <0.001
OHAs 56.1 59.1
Insulin (TOHAs) 10.7 36.4

Systolic blood pressure (mmHg) 150T24 161T22 0.004
Diastolic blood pressure (mmHg) 81T11 79T11 0.46
Pulse pressure (mmHg) 70T20 81T18 <0.001
On blood pressure-lowering medication (%) 50.4 65.9 0.047
On ACE-inhibitors (%) 21.4 36.4 0.025

Total serum cholesterol (mmol/l) 5.5T1.1 5.7T1.1 0.23
HDL-cholesterol (mmol/l) 1.06T0.32 1.10T0.31 0.39
Serum triacylglycerol (mmol/l) 1.9 (1.1–3.3)a 2.1 (1.1–4.0)a 0.27
On lipid-lowering medication (%) 10.5 9.1 1.00
On aspirin (%) 21.7 25.0 0.58
Urinary albumin:creatinine ratio (mg/mmol) 2.9 (0.7–12.3)a 9.4 (1.9–46.1)a <0.001
Estimated GFR (MDRD;
mlIminj1I1.73 mj2)

74.9 (62.4–88.1) 68.3 (50.9–87.9) 0.08

Chronic kidney disease stage (%):
1 (GFRQ90 mlIminj1I1.73 mj2) 22.0 20.5 0.032
2 (60eGFR<90 mlIminj1I1.73 mj2) 57.7 43.2
Q3 (GFR<60 ml minj1I1.73 mj2) 20.3 36.4

Retinopathy, any (%) 14.8 52.5 <0.001
Peripheral neuropathy (%) 29.6 60.5 <0.001
Foot ulcer (%; either side) 1.0 6.8 0.015
Ankle:brachial index e0.90 (%; either side) 27.6 53.7 0.001
Cerebrovascular disease (%) 9.1 25.0 0.002
CHD (%) 31.2 36.4 0.51
Any exercise in past 2 weeks (%) 72.6 70.5 0.73
Smoking status (%):
Never 45.1 38.6 0.18
Ex- 40.0 36.4
Current 14.8 25.0

Alcohol consumption
(number of standard drinks per day) 0 (0–0.7) 0 (0–1.5) 0.24
Ever attended a podiatrist (%) 29.5 59.1 <0.001
Ever had diabetes education (%) 68.0 60.5 0.32

Values are proportions, means (TSD), geometric mean (SD range)a, or median (interquartile range [IQR])
OHA oral hypoglycaemic agent
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pants with diabetes-related LEA at study entry, 6 (40.0%)
had died from cardiac causes by 30 June 2005, compared
with 176 (13.8%) deaths in participants without diabetes-
related LEA. The likelihood of cardiac death was signifi-
cantly increased in patients with baseline LEA (p<0.0001,
log-rank test). In Cox proportional hazards modelling, older
age, male sex, higher ln(ACR), lower systolic blood
pressure, the presence of retinopathy, CHD and CVD, and
current smoking at baseline significantly predicted death
from cardiac causes. After adjusting for these independent
risk factors, the presence of diabetes-related LEA at
baseline did not increase the risk of cardiac death
significantly (HR [95% CI]: 1.52 [0.59–3.92]; p=0.39).

Cost of hospitalisation for diabetes-related lower extremity
amputation

Between study entry and 30 June 2000, there were 40
admissions (29 individuals) for diabetes-related LEAs,
including revision. The total cost of these admissions was
A$683,577, or 9.3% of the total cost of diabetes-related
hospital admissions during this period. This compared with
571 and 1,220 admissions for ischaemic heart disease and
nephropathy, respectively, over the same period, with
corresponding costs of A$2.29 million and A$0.50 million,
or 31.2% and 6.8% of total diabetes-related hospital costs.

The median (IQR) inpatient cost per LEA admission was
A$12,485 (A$6,037–A$24,415) (mean [range] A$17,089
[A$1,679–A$85,551]), whilst the median length of stay
(LOS) was 24 (10–43) days (mean 31 [2–193] days).
Inpatient cost was strongly correlated with LOS (Spearman_s
rho=0.98, p<0.001), but not with age, sex, or site of LEA
(pQ0.10). No significant difference in LOS by admission
year was observed (Kruskal–Wallis test, p=0.41).

Discussion

The present study is the largest in-depth longitudinal
assessment of amputation complicating type 2 diabetes.
Our data show that glycaemic control, foot ulceration, and

evidence of microvascular disease, CVD and PAD are all
independent predictors of incident LEAs. Patients with
LEA at study entry were at increased risk of cardiac death,
although LEA was not an independent predictor of this
outcome. LEAs occurred infrequently during follow-up in
the FDS cohort, but amputations (including toe amputa-
tions) were responsible for a disproportionate 9.3% of
inpatient costs during this period.

Our baseline LEA prevalence of 1.2% in patients with
type 2 diabetes is similar to the 1.3 (95% CI: 0.6–2.0)%
found in a community-based study of 1,077 diabetic
patients in the UK [26], but lower than the 4.9 (95% CI:
3.7–6.4)% reported in a predominantly male Veterans
Affairs clinic-based study in the USA [27]. Our prevalence
figure may be an underestimate as, due to their immobility,
amputees may have been less likely to participate in the
FDS. However, we have shown that there was no
significant difference between FDS participants and non-
participants in the incidence of LEA during follow-up,
suggesting that the prevalence of diabetes-related LEA at
FDS onset was representative of that in the Fremantle
community.

The incidence rates of LEA reported in the literature
vary considerably and available studies are difficult to
compare due to differences in data sources, sample
characteristics (particularly ethnicity), management (includ-
ing approaches to the use of amputation in the management
of the diabetic foot), adequacy of follow-up, and definitions
of both numerator and denominator [28]. Reported inci-
dence rates of diabetes-related LEAs range between 0.03%
per year for Asians living in Leicestershire, UK, from 1980
to 1985 [29], to 1.80% per year in American Indians [30].
During a mean 9.1 years of follow-up from entry into the
FDS, 3.4% of our patients had a first-ever LEA, represent-
ing a crude annual incidence of 0.4%. This is towards the
lower end of the range in published studies [27], but
evidence for the benefits of intensive management of
vascular risk factors has accumulated significantly since
most of these studies were conducted, and the FDS
incidence probably represents the consequence of contem-
porary clinical practice. The low incidence rates in the

Table 2 Cox proportional hazards model of baseline predictors of time to first-ever diabetes-related LEA during follow-up

Hazards ratio (95% CI) p value

History of cerebrovascular disease 5.45 (2.51–11.85) <0.001
HbA1c (increase of 1%) 1.30 (1.10–1.54) 0.002
Any retinopathy present 2.99 (1.47–6.08) 0.003
Neuropathy present 2.65 (1.30–5.44) 0.008
Ln (urinary albumin:creatinine ratio)a 1.34 (1.07–1.66) 0.010
Ankle:brachial index e0.90 2.21 (1.11–4.42) 0.024
Foot ulcer present (either foot) 5.56 (1.24–25.01) 0.025

a A 2.72-fold increase in urinary albumin:creatinine ratio corresponds to an increase of 1 in ln (urinary albumin:creatinine ratio)
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UKPDS (0.10% per year in intensively treated patients and
0.16% in the conventionally treated group [14]) reflect the
fact that the participants were relatively young, newly
diagnosed and had low rates of pre-existing macrovascular
disease.

The presence of a foot ulcer increased the risk of LEA
nearly six-fold in our patients. Several other studies have
reported an independent association between foot ulceration
and subsequent LEA [27, 31] and the risk of LEA increases
with the severity of ulceration [32]. Evidence of PAD
(ABI e 0.9) was also an independent predictor of LEA,
consistent with the findings of others [27, 33]. However,
the most striking observation in the present study was that
the three important manifestations of microvascular disease
(nephropathy, retinopathy and neuropathy) were all inde-
pendently associated with incident LEA. An association
with neuropathy has been documented previously [27, 33]
and, although neuropathy was not assessed in the Wiscon-
sin Epidemiologic Study of Diabetic Retinopathy, a weak
association with more severe retinopathy was observed
(odds ratio for one step [95% CI]: 1.07 [1.00–1.13]) [31].

There is evidence that skin oxygenation, muscle metab-
olism and wound healing are impaired by microcirculatory
changes in the diabetic foot [34, 35]. The risk of an ulcer
and subsequent LEA increases when there is also loss of
sensation and mechanical deformity associated with neu-
ropathy and PAD [36]. Our data are, therefore, consistent
with a plausible multifactorial causal pathway involving
PAD, neuropathy and local microvascular changes in the
foot [34, 36, 37]. As a likely reflection of diabetes-specific
risk factors such as microangiopathy, we found that the
incidence of first-ever minor amputations was higher than
that of first-ever major amputations, in contrast to the
findings reported for general populations [3].

The logical strategy to minimise the risk of an LEA
would involve regular screening for neuropathy, PAD and
early signs of mechanical foot problems [38, 39]. There is
good evidence that simple patient foot care education can
reduce ulcers and amputations [40]. Reiber et al. found that
diabetic patients who did not attend outpatient diabetic
education sessions were at increased risk of LEAs [33].
Intensified diabetic foot care can reduce amputations by
45% and minor operations by 38%, with attendant
reductions in both direct and indirect costs [41]. In our
study, about 40% of those who had a first LEA during
follow-up had never attended diabetes education sessions or
seen a podiatrist prior to study entry, and 16% had attended
neither.

We also found that that poor glycaemic control was an
independent risk factor for LEA. For each 1% increase in
HbA1c at baseline in FDS type 2 patients, there was an
associated 30% increased risk of first LEA during follow-
up. This is consistent with several studies showing that the

risk of amputation increases with levels of HbA1c [31, 42].
In the UKPDS, relatively intensive blood glucose control
failed to reduce the incidence of LEAs significantly. Since
older patients (>65 years) and those with known CHD were
excluded, the UKPDS may have been underpowered for
LEA as an outcome, as there was a trend towards benefit in
the intensive vs conventional protocol group (relative risk
[95% CI]: 0.61 [0.28–1.33]) [14]. The Diabetes Control and
Complications Trial in type 1 diabetes found that intensive
management reduced microvascular complications relative
to conventional treatment [43] and, in a Monte Carlo
simulation model of lifetime costs and benefits, intensively
managed patients had 5.6 more years free from amputation
[44]. Our data also suggest that improved glycaemic control
should help reduce the risk of LEA complicating diabetes.
Unfortunately, consistent with the fact that most Australian
diabetic patients do not have proactive intensification of
treatment to maintain a HbA1c <7.0% [45], three-quarters of
the FDS patients undergoing LEA had an HbA1c above this
level.

Hospital-based cohort studies of diabetic patients report
that foot ulceration or LEA doubles the risk of death at
5 years [4, 5, 46]. In the present study, diabetic patients with
LEA at entry were significantly more likely to die from
cardiac causes during follow-up. However, we did not find
that LEAwas an independent predictor of cardiac mortality.
This is consistent with other studies and is probably due to
an association with older age and other manifestations of
cardiovascular disease, notably CHD and CVD [5].

The average hospital cost of an admission for a diabetes-
related LEA in the current study was A$17,089 (in A$ in
year 2000) with an average LOS of 31 days. In one Dutch
study, the average total direct cost of a diabetes-related
LEA, excluding rehabilitation, was U10,531 (pounds ster-
ling) in 1992 (or A$26,810 using the exchange rate for that
year) with a mean hospital stay of 42 days [47]. The higher
costs and longer LOS found in the Dutch study may be due
to the different healthcare systems and the trend to earlier
discharge from hospital in recent years. An earlier Austra-
lian study reported a shorter average LOS of 25 bed-days
for diabetes-related LEAs [48]. The difference is likely to
be due to the different methodologies, in that the earlier
Australian study used aggregate data (the Australian
National Hospital Morbidity Database) with the limitation
that patients were identified with diabetes by ICD-9CM
diagnosis codes on discharge records and therefore also
included younger patients with type 1 diabetes. In the FDS,
type 1 patients admitted for LEA between January 1993
and June 2005 had an average LOS of only 19 days.
Nevertheless, overall these studies concur that diabetes-
related LEAs are very costly. The FDS has also shown that
nearly 1 in 10 dollars spent on diabetes-related hospital-
isations are for LEAs.
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One strength of the FDS is that there is a low rate of
migration from Western Australia to other Australian states
and overseas [49]. Of the baseline FDS cohort, 1,237
patients or 96% had been captured on the WADLS by end-
June 2005. In addition, we contacted surviving participants
every year to arrange annual assessment and 27 of the 57
non-captured subjects were reviewed in 2000 or 2001. We
conservatively assumed that non-captured patients did not
have an LEA during follow-up and were still alive at study
end. A limitation of the present data is that most (82%) of
the first-ever LEAs occurred after FDS close-out in
November 2001, so we were unable to corroborate the
hospital morbidity database coding for LEA with foot
examination by FDS staff. However, an audit of the
WADLS with medical records for carotid endarterectomy
in the general population revealed no coding errors (false
positives) and only 1.3% missing cases (false negatives)
[50]. Despite an average 9 years of follow-up, the present
study was not powered to detect a significant sex-related
difference in the incidence of first-ever LEA. However, we
did find that 1.7 times more males than females had a first-
ever LEA during follow-up, in agreement with findings in
general populations [3]. A limitation of using DRG costs is
that they represent an average cost of all patients with the
condition(s) for which the hospitalisation occurred, and
may therefore underestimate the true cost of hospitalisation
for a diabetic patient.

Amputation, which is potentially preventable, results in
substantial morbidity, and is associated with increased
mortality and considerable cost. Diabetic patients identified
as being at increased risk of LEA, notably those with foot
ulceration, PAD or microvascular complications, should be
targeted for aggressive risk factor management, in particu-
lar glycaemic control and foot care.
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