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Introduction
The economics of diabetes

Worldwide, diabetes mellitus (DM) is an increasingly-prevalent 
chronic disease [1,2]. It is estimated that DM will affect approximately 
300 million people globally by 2025 [3]. Recent data from the Australian 
Bureau of statistics suggests that one million people in Australia 
have DM [4]. In South Australia in 2009, this number approximated 
150,000, reflecting 6.8 newly-diagnosed DM cases per 1000 adults per-
year [5,6]. In South Australia, the rate of diabetes-related amputations 
has been consistently high over the last two decades [6-8]. Payne 2000 
[6] showed that from 1995-96 to 1997-98 in South Australia, this rate 
was 20.68 (95% confidence interval (CI):17.18-24.98) compared to 
13.97 (95% CI: 11.98-15.87) for the whole of Australia. In 2012-13, the 
South Australian rate was 17% higher than the Australian average (27 
vs. 23 per 100,000) [7]. 

In line with the increasing prevalence of DM, is rising healthcare 
expenditure required to manage DM complications. In Australia in 
2012, the expected cost of care of a person with DM who did not have 
complications was $3,500 to $4,000 per-year, whilst it cost between 
$7,000 and $16,700 per-year to manage people with DM complications 
[2,9]. The total economic burden of DM in Australia has been estimated 
at $6 billion, including healthcare costs, Commonwealth subsidies, 
caregiver’s cost and productivity loss [9]. A recent study reporting on 
a Markov simulation model suggests that optimal care for diabetic foot 

Economic Modelling of Best Evidenced Podiatry Care for the Diabetic 
Foot from the South Australian Healthcare Perspective:  A Decision Tree 
Sensitivity Analysis 
Asterie Twizeyemariya1*, Alvin Atlas2, Ryan Causby3, Catherine Turnbull4 and Karen Grimmer4

1International Centre for Allied Health Evidence, University of South Australia, Adelaide, Australia
2University of Canberra, Canberra, ACT, Australia
3South Australia Department of Health and Ageing, Adelaide, Australia
4Tygerberg Campus, Stellenbosch University, Cape Town, South Africa

Abstract
Objective: To develop a decision tree model to estimate the cost-effectiveness of best-evidenced podiatric 

interventions for people with diabetes from the South Australian healthcare perspective. We explored the hypothesis 
that the investment required to offer best-evidenced podiatric care is offset by potential downstream savings, through 
prevention of ulcers, or hospitalisation for sequelae of infection. 

Methods: Recommendations from current clinical practice guidelines were extracted for best-evidenced podiatric 
care for patients with diabetes. Clinical pathways were constructed to describe usual and best-evidenced podiatric 
care options in community and hospital. Local South Australian podiatry service delivery data, and costs of care, were 
collated and mapped to the pathways adopting the healthcare perspective. The quality of life years (QALY) data was 
extracted from the literature. A Markov-based 5 years simulation was done for a hypothetical diabetic patient using 
TreeAge Pro 2016 software. 

Results: Best-evidenced podiatric care including: a risk-appropriate number of visits to podiatrist, patient education, 
foot care, footwear and multidisciplinary team management, is cost-effective. The average cost and QALY of best-
evidenced practice podiatric care is ($31,424.86, 3.33QALY) and ($34,085.72, 3.01QALY) for usual care. A per-patient 
investment of $6.86K over five years in best-evidenced podiatric care for low- and intermediate-risk patients with 
diabetes would generate savings of approximately $9.43K per-patient, by reducing avoidable ulcers, infections and 
amputations (savings-to-cost ratio=1.37). Best-evidenced podiatric care was 99% dominant over usual care. 

Conclusions: Promoting and funding best-evidenced podiatric care for every patient with diabetes is significantly 
cost-saving in terms of avoided complications.

ulcers (DFU) in Australia could result in 2.7 billion savings over five 
years [10]. 

Many DM-related costs are avoidable [11,12]. The data for 
potentially-avoidable hospital admissions in Australia indicates 
that 63.8% (353, 000 admissions) are attributed to chronic diseases 
[11]. South Australian and Australian hospital admission data from 
Australian Institute of Health and Welfare (AIHW) indicates that 
DM-related admissions accounted for 25% of the avoidable hospital 
admissions associated with chronic disease [5]. 

The diabetic foot

Foot problems are common DM complications [12,13]. These 
include macrovascular complications (e.g. peripheral arterial disease); 
microvascular disease; neuropathy; foot deformity; oedema; and an 
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increased susceptibility to infection. Once established, and without 
careful intervention, the impact of DM on the health and function of 
the ‘diabetic foot’ can escalate. For instance, peripheral neuropathy can 
result from an altered metabolic pathway which occurs in the presence 
of raised blood glucose levels, often exacerbated by microvascular 
pathology and subsequent decreased vascular supply to nerves [14]. 
The metabolic consequences of DM may also impact on soft tissue 
(muscles, tendons, ligaments and other connective tissues). One such 
sequelae, soft tissue glycosylation, can subsequently impact on foot 
biomechanics and gait characteristics, and the ability to withstand 
external and internal forces [15]. This in turn, contributes to deformity, 
which increases foot plantar pressures [13,15]. Moreover, sequelae of 
motor neuropathy are muscle atrophy and weakness, which underpin 
further deformity [14,16]. This, combined with autonomic system 
dysfunction, can affect skin integrity and decrease and/or displace the 
plantar fat pad, affecting the foot’s ability to withstand the abnormal 
external forces incurred by DM-related gait characteristics [17]. When 
even minor trauma occurs to the ‘diabetic foot’, there is likely to be 
breakdown of the skin and underlying soft tissues, and subsequent 
ulceration [14,17]. Such trauma may occur via minor and often 
unidentified incidents resulting from repetitive aberrant pressures in 
the foot. Between 15% and 25% of all people with DM will develop 
ulceration in the foot or lower limb over their lifetime [18-21]. 
Approximately 56% ulcerations become infected, and 20% patients 
with infected ulcers will ultimately require an amputation [15,17]. This 
significantly increases individuals’ disability, reduces quality of life [22] 
and incurs significant ongoing costs not only to the healthcare system, 
and also to society in terms of potentially reduced productivity [1,9]. 

Podiatric care for the diabetic foot

Best-evidenced podiatric care should prevent diabetic foot 
ulcers from occurring [18-19,21-25]. Even if ulcers do form, with 
best-evidenced podiatric care, ulcer severity will be minimised, and 
ulcers should heal [13,22-26]. Best-evidenced podiatric care for DM 
normally takes an integrated multi-pronged approach, comprising 
comprehensive foot assessment of skin and nail health, neurological 
and vascular status, biomechanics and presenting deformities, 
management of presenting dermatological pathology if required, 
prescription of therapeutic footwear or podiatric in-shoe supports, 
and patient education regarding foot self-assessment and DM self-
management [12-15,22-29]. 

Access to podiatric care

People with DM can receive podiatric care in Australia through 
different routes [22]. They can consult private podiatrists at their own 
cost, or access publicly-funded care through community-based public 
services (such as hospital outpatients or community clinics). Patients 
with DM may access podiatry services through the limited Medicare-
funded Chronic Disease Management Program (CDMP) for which 
General Medical Practitioners (GPs) are the gatekeepers [22,26]. 
This schedule allows them to receive up to five AH visits (total) for 
one chronic disease, in a calendar year. GPs determine (with variable 
patient and AH provider input) the specific type and number of AH 
services required to manage the patient’s chronic disease problems. The 
Practice Incentive Program (PIP) provides financial rewards to GPs 
when their patients complete an annual cycle of care that includes two-
foot assessments [27]. In Australia, only 18% of patients with DM were 
reported as having completed the annual cycle of care in 2009-10 [28].

There is scant evidence to support which AH services should be 
provided for DM management, or to guide best practice referral, and 

communication between GPs and podiatrists. Moreover, there is little 
information about how well Australian podiatric care complies with 
recommended best practice [26]. 

Foot-risk classifications

Podiatrists classify diabetic feet into well-defined risk categories 
(low, intermediate or high-risk (in the absence ulceration)) 
[12,18,19,22,25,30,31]. Podiatric care is delivered according to risk 
category. This involves increasing frequency of monitoring, specific 
advice on maintaining skin integrity and management of skin and 
nail pathology, pressure management and prevention strategies, as 
well as education and advice regarding DM self-care and foot self-
management [22,24,25,30-32]. 

According to current clinical guidelines [18-19,31], for a low 
risk DM patient who presents with no foot-related complications, 
appropriate podiatric care is one consultation every year. For 
intermediate-risk DM patients who present with one foot-related 
diabetic complication per year (but not including a foot ulcer or a 
history of ulceration or amputation), appropriate care is two-six 
consultations. For high-risk DM patients who present with two or 
more foot-related diabetic complications and/or a history of ulceration 
or amputation, appropriate podiatric care is provided in 6-12 visits per 
year [18-19,31]. 

When an ulcer is present, more frequent podiatric visits may be 
necessary [22]. For ulcers which do not heal within four weeks, or which 
result in complications, evidence-based practice guidelines recommend 
immediate referral to a multidisciplinary team comprising a podiatrist, 
diabetes physician, diabetes nurse specialist, vascular surgeon, 
orthopaedic surgeon, radiologist, wound care nurse, and footwear 
technician [18,22,24-25,30,32]. Patients with active ulcers and high 
risk of infection may need to be treated regularly in hospital outpatient 
clinics, or as inpatients. Local sharp debridement of pressure-related/
neuropathic wounds may be required to improve ulcer healing [30-34]. 
There is no current evidence regarding the optimal frequency and extent 
of debridement, however one study recommends non-surgical sharp 
debridement by podiatrists every 1-2 weeks [35]. Ulcer complications 
can include gangrene, limb-threatening ischemia, exposure to bone, 
joint or tendon, ascending cellulitis, systemic symptoms of infection, 
and/or osteomyelitis [30-36]. Patients with these ulcer complications 
are deemed to be at extreme-risk of irreversible tissue damage. 

South Australia is the Australian state with the highest rate of 
leg amputations from complications of DM. This paper reports on 
an economic decision-tree model to evaluate the cost-effectiveness 
of best-evidenced podiatric care compared with usual care, for South 
Australians with DM. 

Methods
The decision-tree model applied risk categories for diabetic feet 

(as defined in the literature) [12,18-19,22,25,30-31] for hypothetical 
patients with DM, who present to a GP for management. Each type of 
DM patient has variable likelihood of developing diabetic foot ulcers, 
which could subsequently become infected, and could result in the need 
for hospital treatment (outpatients or inpatients) [37]. Furthermore, all 
patients with a healed ulcer (whether it was infected or not), or who 
received an amputation because of unhealed ulcers, require continual 
monitoring as they remain at high-risk. In the absence of an ulcer, all 
patients should continue to be monitored in their relevant risk category 
(i.e. low risk or intermediate risk) (Figure 1). 
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Scenarios
We assumed two scenarios for the purpose of the modelling: usual 

podiatric care, and best-evidenced podiatric care. Usual podiatric 
care was hypothesised as being variable, influenced by factors such as 
available public funds; ease of access to podiatrists (public or private); 
podiatrist compliance with evidence-based practice; variable knowledge 
by GPs of best practice podiatric care, and the importance of referral 
to podiatry, the limited Medicare CDMP funding and variable patient 
health literacy, engagement and compliance in their own care. 

Within the South Australian public system, the consequences of 
demand, priority and available funding mean that podiatry services 
provided in tertiary outpatient or acute care settings are often restricted 
to treatment of extreme-risk patients with DM (those patients 
with current ulcerations and/or infections). Consequently, low to 
intermediate-risk patients may need to rely on the private system to 
access podiatry services, if they access any, at all. Even in the instance 
where patients can access podiatry services using CDMPs, GP referral 
decisions vary. GPs may not refer patients to podiatry at all, they may 
not refer for the recommended number of podiatry visits for the DM 
risk categories, or even if they designate all five available AH visits as 
podiatry visits, this number may be insufficient for podiatrists to provide 
best-evidenced care for high-risk patients. Patients with DM may also 
incur direct personal costs for additional podiatry appointments if 
required, gap payments to top-up insufficient Medicare rebates, and/
or to purchase consumables such as orthoses or specialised footwear. 

Usual podiatric care was thus assumed to be where: 

Newly-diagnosed DM patients with low, intermediate and high risk 
of podiatric foot complications received no GP referral to podiatrist, 
even when these patients were participating in a CDMP;

Patients with active ulcers received variable treatment (type and 
frequency) as hospital outpatients or inpatients; and 

Consumables (such as footwear and orthotics) may not be offered 
as a preventive intervention, or even when offered, they may not be 
affordable. 

Best-evidenced podiatric care

Information on this type of care provided in outpatient, community 
or private practice settings was extracted from Australian national 
guidelines for the prevention, identification and management of foot 
complications in diabetes [18], other DM guidelines and podiatry 
professional practice statements [24-25,30-33,35], primary research 
[19,21-22,26,34,36] and economic estimations of risk [38-40]. As noted 
earlier, this involved different levels of service provision depending on 
risk of foot complications. 

Population data

The model population comprised hypothetical patients who 
had been diagnosed with diabetes at the GP practice and were 
classified has having low, intermediate or high risk of foot ulcers or 
other foot complications. The prevalence estimates of low risk of 
foot complications (no obvious foot problems), intermediate risk 
(the presence of neuropathy, or peripheral arterial disease) and high 
risk (presence of two or more skin lesions, and or history of ulcer or 
amputation) were extrapolated from the DM Australian population 
[4,41] (as the proportion of patients with, and without, complications 
(co morbidity) or history of complications). South Australian 
prevalence estimates of foot ulcer and the likelihood of infection, 
hospitalization and amputation were used with relative risks or odds 
ratios to compute the likelihood of DM patients experiencing these 
complications in specific risk groups (Table 1). 

For example, in usual podiatric care, the risk that an ulcer occurs 
in the intermediate group (or high-risk group) was equal to the relative 
risk of ulcer in this group multiplied by the probability of an ulcer 
occurring in the low risk group (designated as the comparison group). 
In the same way, the probability of an existing ulcer healing in the 
intermediate group (or high-risk group) was respectively computed 
using the transformation formula involving the odds ratio, and the 
probability of ulcer healing in the low risk group [42]. In best-practice 
podiatric care, we used either the odds ratio or the relative risk for 
effectiveness of interventions (best practice compared to usual care) to 
estimate the probability of healing, amputation and ulcer development 
in the different DM risk categories. 

Costs

Table 1 reports the baseline cost data, relevant distribution 
assumptions, the data sources and relevant calculations using South 
Australian hospital data for Australian-refined diagnosis- related 
groups (AR_DRG), Medicare Benefit Schedule (MBS) data [43], 
Department of Veteran Affairs (DVA) fees schedule [44], and online 
resources [45-48]. Table 2 outlines the basic cost items used for analysis 
in usual care and best evidence care.

Clinical evidence data

Clinical evidence derived from the literature [38,39,49] was layered 
with expert opinion, to underpin probability assumptions (Table 1). 
Because of uncertainty around the costs, the probabilities of risk, and 
the effectiveness of podiatric interventions for different risk categories 
of DM, specific distribution functions were imposed on the variables 
of costs, and transitions between health states, to assist subsequent 
modelling.

Green: Decisions of follow up in the specific risk category.
Red: Development of foot related complications requiring review of care in 
transition phase.
Blue: Beginning or end of a cycle of care. Blue dash indicates the non-survivals 
during the cycle.
Black: Decision of care for patient with active ulcer and amputation.
Figure 1: Diagram of pathways of podiatric care and risk of foot complications.
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Description Baseline Distribution Source
Population data

Incidence of ulcer 0.03; [range:0.01-0.06] Beta (mean=0.03, se=0.013] [23,36,39]
Ulcer incidence Intermediate risk 2.03; [RR=2.03, 95%CI: 1.50-2.76] Lognormal (mean=0.71, se=0.15) [57]
Ulcer incidence High risk 2.57; [RR=2.57, 95%CI: 1.60-4.12] Lognormal (mean =0.94, se=0.24) [57]
Ulcer infection 0.47; [range: 0.12-0.81] Beta (mean=0.47, se=0.18) [18,34,35]
Healing ulcer low risk 0.19; [range: 0.16-0.22 Beta (mean=0.19, se=0.15) [13]
Healing in infected ulcer 0.3; [OR=0.3, 95%CI: 0.16-0.56] Lognormal (mean=-1.20, se=0.32) [58]
Healing in ulcer in high and intermediate risk 0.1; [RR=0.1, 95%CI: 0.08 0.34] Lognormal (mean=-2.3, se=0.37)  [10,58]
Amputation rate for SA 0.0001075; [95%CI: 0.000104- 0.000111] Beta (0.00011, se=0.000002)  [5,6,7,8]
Amputation in diabetes 1.1; [RR =1.1, 95%CI: 1.05-1.15] Lognormal (mean=0.14, se=0.095)  [8]
Amputation Intermediate and high risk 3.3; [RR=3.3,95%CI: 1.05-10.26] Lognormal (mean=2.33, se=1.19)  [59]
Amputation diabetes and DFU 1.25 [Range= 1.06-1.43] lognormal (mean=0.36, se=0.22)  [59]
Prevalence intermediate risk 0.22 Deterministic [4]
Prevalence of high risk 0.21 Deterministic
Prevalence of low risk 0.57 Deterministic [4]
Survival rate with DFU 0.72% on three years Deterministic [62]
Survival rate without DFU 0.85% on three years Deterministic  [62]
Survival rate with amputation 50% on 5 years Deterministic [12]
Death rate in LLA with diabetes 4.6 per 100000 in Australia Deterministic [4]
Diabetes death in Australia 16.1 deaths per 100,000 people Consulted on 28 October 2017 [57]
Intervention effectiveness
Reduction of ulcer 0.31; [RR=0.31, 95%CI: 0.14-0.66] Lognormal (mean=-1.1, se=0.4) [23]
Reduction in amputation rate 0.05; [OR=0.05, 95%CI: 0.03-0.08] Lognormal (mean=-3.09, se=0.10) [38]
Increased healing rate 1.38; [RR=1.43; 95%CI: 1.11-1.84] lognormal (mean=0.36, se=0.13) [14]
Increased early complication detection 1.13; [RR=1.13; 95%CI: 1.00-1.25] Log normal (mean=0.12, se=0.06) Assumption
Podiatrist visits, Nurse home dressing-visits, Length of stay in rehabilitation
No. of podiatrist visits low risk 1 Deterministic [18]
No. of podiatrist visits intermediate risk 4 Uniform (min=2, max=6) [18]
No. of podiatrist visits high risk 9 Uniform (min=6, max=12) [18,34]
No. of podiatrist visits extreme-risk (active ulcer) 36 Uniform (min=24, max=48) [18,34] 
Number of nurse’s home visits for dressing 45 Uniform (min=6, max=75)
Length of stay in rehabilitation 15 Uniform (min=1, max=30) [61]
Costs items ($)
Footwear: The cost of footwear in line with the DVA fee 
schedule at November 2015. $400 Gamma (mean=800, se=204),) [44]

Orthotics including negative impression: 
The cost of custom thermoplastic rigid orthotics in line 
with the DVA fee schedule at November 2015.

$319 Gamma (420.5, se=52) [44]

Podiatrist visits: Average costs per half-hour in South 
Australia public system plus 25% for overhead costs. $34 [range= 33,35] Gamma (mean=34, se=0.51) Market price

Wound dressing $6 [range=3,15] Gamma (mean=6, se=3.06) Market price
TCC/RCW: (online costs for offloading shoes and boots 
Bledsoe comforter diabetic ulcer walking boots and 
Aircast XP diabetic walker. 

$300 Gamma (mean=500, se=128) [45,46]

Neuropathy treatment: the cost of pregabalin 
prescription for pain management is a proxy. $5,900.90 [43]

Nurse home wound dressing visit $131 Gamma (mean=131, se=6.63] Market price
Self-care cost reimbursed by the government: The 
average cost from the National Diabetes Service 
Scheme (NDSS) for 2015 

$200 [48]

GP Management costs
Average benefits paid for the following Medical Benefit 
Schedule (MBS) items related to allied health services: 
10950-70; 81300-60; 81100-25, GP care plan: 721-39; 
747; 750; 754; 758, GP attendance items for practice 
incentive program (PIP): 2517-2526; 2620-35, Health 
assessment: 701; 703; 705; 707; 715, and Cost of 
referral when there are co-morbidities: 132; 133. 

$1,464 [43]

Wound diagnosis and wound repair
Average benefits paid for the following MBS items: 
11610-11612; 13020; 30023-30049; and 46414.

$733 [43]
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Outcome data

Health-related quality of life values for patients with DM, and 
those associated with ulcer and amputation, were extracted from the 
literature [50,51]. These were used in our model to compute quality of 
life years (QALY). The utility value for health events was derived using 
a multiplicative formula (e.g. the utility value for a patient with low risk 
of foot complications and having ulcer is the utility value of low risk 
multiplied by the utility value of having ulcer). Other outcomes were 
counts of ulcer, infection and amputation.

Decision-tree modeling

TreeAge Pro 2016 software [52] was used to build a decision-tree 
model that mapped clinical pathways for the podiatric care of people 
with DM in usual and best-evidenced podiatric care scenarios (Figure 
1). This enabled exploration of the investment required to provide 
best-evidenced podiatric care to every South Australian with DM, as 

well as potential downstream savings (in secondary care) if this level 
of care was available. The costs of care for the South Australian public 
healthcare budget could then be estimated. Key decision points were 
identified in the pathways, at which a podiatrist review could address 
the presence (or absence) of foot-related complications. The decision-
tree model mapped the progression of decisions about the level of foot 
care required, based on the level of risk for South Australians with DM, 
and estimated the associated costs on the healthcare system. The time 
frame assumed for the model was five years, with costs calculated in 
Australian dollars as at 2015. The transition period was one month.

Sensitivity analysis: Multiple one-way sensitivity analyses of 
incremental effectiveness ratios were conducted and presented in a 
Tornado plot. A probabilistic sensitivity analysis (PSA) was performed. 
The probability distributions Uniform, Beta, Gamma, and log-normal 
were used for the number of podiatrist visits, probability of ulcer 
infection, costs and relative risk respectively as usually recommended 

Ulcer infection treatment cost
Weighted average by separations for the following 
AR-DRG items: J64A; J64B; I64A; and I64B, which are 
related to cellulitis and osteomyelitis [42].

$7,521

Hospital treatment of infected limb ulcer cost 
Weighted average by separations for the following AR-
DRG items J64A, J64B, I64A, I64B, J12A, J12B and 
J12C that are related to cellulitis, osteomyelitis and 
hospital treatment of limb with ulcer

$23,310 [43]

Prostheses $4,200 Gamma (mean=700, se=765) [47]
Amputation: Weighted average by separations for 
the following AR-DRG items: F13A; F13B; and I70Z, 
which are related to procedures for upper limb and toe 
amputation for circulatory disorder.

$35,115 [43]

Rehabilitation cost/per day: National efficient price 
multiplied by the price weight applied for subacute and 
non acute admission.

$1465 Deterministic

Quality of life weight per year
Utility of life without ulcer 0.84 [50]
Utility with history of ulcer or amputation 0.76 [50]
Utility with complication 0.65 [50]
Utility with non-infected ulcer 0.89 [51]
Utility with infected ulcer 0.82 [51]
Utility with amputation 0.58 [51]
(RR: relative risk, OR: odds ratio, max=maximum, min=minimum, se=standard deviation to the mean, CI: confidence interval), LLA: Lower limb amputation, SA: South 
Australia, TCC/RCW : Total contact casting/Removable cast walker

Table 1: Clinical data and cost data in the baseline, distribution assumptions and data sources.

Usual care Best-evidenced podiatric care

Low risk Intermediate 
risk High risk Active ulcer Low risk Intermediate risk High risk Active ulcer

Podiatrist foot assessment - - - - 1 2-6 6-12 24-48
Medical /specialised footwear - Yes [4] yes yes
Orthoses + negative impression of foot + fitting - - - yes - yes yes yes
Total contact casts (TCC) / removable cast 
walker (RCW) yes - - yes

Neuropathy treatment (pharmacological) only in 
diabetes with complications yes yes yes yes yes yes

Wound care yes yes
Wound dressing 6-75* 6-75*
Ulcer treatment cost yes yes
Prostheses 

For active ulcer ending in amputation For active ulcer ending in amputationAmputation costs
Rehabilitation

Table 2: Assumptions on the cost items in Usual and Best-evidenced podiatric care scenarios.
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The first order Monte Carlo simulation with 100,000 trials shows 
that events of ulcer, infection and amputation were sensitively reduced. 
In best-evidenced podiatric care, the rates of ulcer, infection and 
amputation were 1.31844 (sd=1.263), 0.61414 (sd=0.821) and 0.00448 
(0.067) respectively. For usual care these rates were 4.72123 (sd=2.411), 
2.19742 (sd=1.558) and 0.24306 (sd=0.496) respectively. 

The PSA output (Figure 4) suggests that when changing all the 
variables together in the model, and running the simulation on 100,000 
samples, best-evidenced podiatric care was cost-effective compared to 
usual care in 99% of cases (best-evidenced podiatric care is dominant 
in 99% of cases and superior-dominant to usual care in 77% of cases) 
at $50,000/QALY. The average cost of best-evidenced podiatric care 
was estimated at $32,108.86 (sd=$2,175.89) compared to $34,150.54 
(sd=$3,590.36) in usual care. The average net cost-savings is estimated 
at $2,051.68 per DM patient. The quality of life in best-evidenced 
podiatric care and usual care was 3.34 QALY (sd=0.11) and 3.01 QALY 
(sd=0.16) respectively. 

in all studies guidelines [53]. A first-order Monte Carlo simulation was 
conducted, using 100,000 trials and the number of ulcer, infection and 
amputation were counted. 

Results
The usual care and best-evidenced podiatric care model pathways, 

outlined in Figure 1, were necessarily complex because of the variability 
with which ‘usual care’ could be delivered. The pathways were also 
complicated by the different impacts that usual and best-evidenced 
podiatric care could have, on avoiding and/ or reducing foot ulcers, 
infections and amputations. What was clear even when building this 
model, was that investing in best-evidenced podiatric care for every 
South Australian with DM would show significant downstream cost-
savings in avoided complications.

Cost

The average cost of best-evidence practice podiatric care is 
$31,424.86, compared with $34,085.72 for usual care. The anticipated 
investment in best-evidenced podiatric care per patient was estimated 
as $6.86K in low and intermediate risk patients. This would generate 
downstream savings in reduced ulcers, infections and amputations 
of approximately $9.43K per patient for an average net cost-saving of 
$2.66K per DM patient. In other words, investing $100 in primary and 
outpatient podiatric care would generate $137 in savings (savings-to-
cost ratio=1.37) in terms of outpatient and inpatient hospital services 
(Figure 2). The expected total net savings from best-evidenced podiatric 
care would result in savings of $2660 per patient or about $399 million 
over five years, if the intervention was applied to all people with DM 
(approximately 150,000 people with diabetes in South Australia) [41]. 

Figure 2: Cost effectiveness of best-evidenced podiatric care over usual care: 
Multiple one-way sensitivity analysis of incremental effectiveness ratio.

Quality of life

Quality of life for best-evidenced podiatric care and usual care was 3.33 
QALY standard deviation (sd)=0.38) and 3.01 QALY 9 (sd=0.34) respectively. 

Multiple one-way sensitivity analysis (Figure 3 Tornado diagram 
analysis) shows that the results for the cost-effectiveness ratio are 
highly sensitive to the changes in the capacity of the intervention to 
reduce ulcer risk. The incremental cost-effectiveness ratio results are 
moderately sensitive to the modifications in the cost of footwear, and 
the number of dressings. 
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Discussion 
This research is the first that we know of, to develop and test an 

economic model to compare best-evidenced podiatric care with usual 
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care for people with DM, in publicly-funded outpatient and community 
settings, using data from one Australian state (South Australia). The 
results suggest that provision of best-evidenced podiatric care for every 
person with DM is associated with significantly-reduced prevalence 
of avoidable ulcers, infections, hospitalisations and amputations, 
and that this would produce significant cost-savings in one year in 
South Australia. Given the increasing prevalence of DM nationally 
and internationally [1-5], the output of this model suggests that best-
evidenced podiatric care is essential for all people with DM to avoid 
lower limb complications from DM, such as avoidable infections, 
hospitalisations and amputations [8,13-14]. 

This research only investigated direct healthcare costs associated 
with the podiatric care pathways outlined in (Figure 1). We did not 
extend our model past the point of amputation, as the care pathway 
potentially became more complex. People dealing with amputations 
require rehabilitation, as well as prostheses, and home and car 
modifications, and other assistive technologies [42]. Indirect costs 
(which could include loss of productivity and indirect costs of mental 
health and family stresses) associated with diabetes lower-limb 
complications were not considered [12,13]. These costs represent a 
different perspective of cost estimation which was outside the remit of 
this research.

There is currently little evidence of the cost effectiveness of any AH 
intervention for any condition, particularly in downstream prevention 
of disability, disease and/or death [54,55]. Yet there appears to be 
untapped opportunities to test whether timely best-evidenced AH 
interventions for other prevalent chronic conditions can produce 
downstream cost savings and improved health outcomes [55-62]. 
Thus, this economic modelling approach developed for podiatric 
interventions for people with DM could be adapted and applied to 
other AH interventions for other chronic conditions. 

Our model is congruent with the findings of a recent Australian 
economic study [10], despite different modelling approaches being 
taken. The Markov model reported by Cheng et al. [10] indicates 
savings of $2.7 billion in Australia over five years, whilst our study 
showed savings of $399 million in over five years in one Australian 
state (South Australia), which has the highest amputation rate in the 
country. The cost-savings for South Australia generated in our model 
represent 15% of the Australian savings previously reported [10]. 

There were significant evidence gaps in the literature, and in 
‘usual care’ health resource data which constrained our economic 
modelling exercise. To address these gaps required considerable debate 
within the research team, and input from experts, prior to agreement 
being reached on the different pathways of care within the economic 
model. This highlighted the importance of a multidisciplinary team 
of researchers, clinicians and policy-makers to address utilisation 
questions such as this, as well as the need for careful planning, prior to 
determining and testing any economic model for AH investment in the 
management of any chronic disease. 

During the development of this model, considerable effort was 
invested in collecting updated representative information (Tables 1 and 
2). We contend that the conclusions that were drawn from this study 
are valid, and the likely bias is small. Thus, although the study focused 
on South Australian public sector podiatric care provision, we believe 
the model has worldwide applicability for podiatric care provided in 
other similar primary care settings.

Conclusion 
Best-evidenced podiatric care is cost-saving (savings-to-cost 

ratio=1.37) in the management and prevention of diabetic foot-related 
complications in hospital inpatient and outpatient settings in South 
Australia. It involves ensuring that all people with DM have access to 
the appropriate level of podiatric care for their individual needs early in 
their diagnosis. From a policy perspective, best-evidenced GP referral to 
podiatry, and best-evidenced podiatric care for different risk categories 
of people with DM offers a significant improvement in quality of life, as 
well as persuasive cost-saving and cost-effective outcomes, compared 
to ‘usual’ care. From a clinical perspective, a goal of a 50% reduction in 
amputations in 10 years is achievable and is supported by reports that 
improvements in diabetic foot care can lead to a 47% to 85% reduction 
in amputations [2,17,54]. This will ensure better and more consistent 
best-evidenced management of the diabetic foot, to delay or prevent 
amputation, and to minimise related costs such as loss of productivity 
and income, home modifications and indirect costs associated with 
mental health distress and family stresses.
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