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Cost-Effectiveness Studies in
Diabetes-Related Foot Ulceration:
To Model or Not to Model, That Is the

Question
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Abstract

Foot ulcers and amputations are common in patients with chronic limb-threatening ischemia. To reduce the burden of these

complications, insight into interventions that help increase quality of life and/or decrease costs is needed. Such insight can

be obtained from health-economic studies. Unfortunately, primary health-economic studies in the field of diabetes-related

foot disease are scarce. As an alternative, health-economic modeling studies are performed; however, these come with

challenges that are not always addressed.

The aim of this paper is to showcase potential shortcomings in health-economic modeling studies in diabetes-related foot

disease and provide the reader with the knowledge to better assess and understand those studies. Pitfalls in modeling costs,

clinical effectiveness, and quality of life are discussed, and examples to showcase these pitfalls are provided, along with 16

questions readers can ask themselves to help in the assessment of modeling studies.

We hope that this paper will motivate researchers to perform primary health-economic studies and improve their health-economic

modeling when such a design remains needed, and help readers better assess those studies when published.
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Introduction

Foot ulcers and amputations are common in patients with
diabetes-related foot disease and/or chronic limb-threatening
ischemia (CLTI).! These ulcers and amputations cause a large

burden for patients in the loss of quality of life, and for society in
associated health care costs.*® To reduce this burden, insight into

interventions that help increase quality of life and/or decrease

costs is needed. Such insights can be obtained from health-eco-
nomic studies. Unfortunately, primary health-economic studies

(where data are prospectively collected in participants) in the

field of diabetes-related foot disease are scarce. As an alternative,
health-economic modeling studies are performed. However, these

come with challenges that are not always met.*

While Markov modeling in health-economic studies is a
valid and widely used method with clear practical benefits
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over having to prospectively collect all data, there are some
important drawbacks. These drawbacks are universal, but some
are especially important in the field of diabetes-related foot
ulceration. Health-economic studies are a combination of either
prospectively collected data or assumptions based on existing
data from other studies related to costs, clinical effectiveness,
and quality of life outcomes;® all 3 will be discussed here. The
aim of this paper is to showcase potential shortcomings in
health-economic modeling studies in diabetes-related foot
disease, and to provide the reader with the knowledge to better
assess and understand those studies.

Costs

Costs in healthcare are nonlinear, and this also applies to the
treatment of foot ulcers in diabetes. The mean cost for 1 episode
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of care for 1 foot ulcer has been shown to be around €10,000
(US $11,523) 3% However, all studies show large variations around
this mean. These differences are caused by various factors:

« Afootulcer can be superficial and small or deep and large;
while both are defined as a “foot ulcer”, the differences
in treatment costs are large (for example, the Eurodiale
study showed mean treatment costs of €4500 [US $5185]
for ulcers without infection or ischemia, €9500 [US
$10,947) for those with either infection or ischemia, and
€17,000 [US $19,590] for those with both infection and
ischemia).?

« Hospitalization and amputation may be required during
treatment after a foot ulcer develops, which have major
effects on costs. Hospitalization (without amputation)
costs already exceed costs of almost all other aspects of
foot ulcer treatments, and hospitalization with amputation
is even more costly. For example, when an amputation is
needed in the treatment of a foot ulcer, cost increases from
€10,000 (US $11,523) per episode to more than €25,000
(US $28,808) per episode, without considering the costs
after amputation, such as prosthesis prescription and
extensive rehabilitation.?

« Indirect costs are also important but not always included.
For example, most patients with a foot ulcer are age 65
and older, and retired or unemployed. A smaller but still
significant population is in the workforce; this popula-
tion may be growing in numbers, with epidemiologic
studies showing an increase in incidence of foot disease
in younger men.® When a person is unable to work be-
cause of a foot ulcer, costs related to productivity loss
can easily surpass thousands of Euros.” Furthermore,
productivity losses are just one type of indirect costs,
which may include family or caregivers’ productivity
losses, time and expenses, and out-of-pocket expenses.
The large extent of these indirect costs was recently
shown in a 2025 report on CLTL"

These 3 factors show why reliably modeling the costs of foot
ulcer treatment is extremely difficult: baseline ulcer charac-
teristics have an impact on outcomes but are often unknown in
modeling studies, hospitalization and amputation are elective
choices in treatment that are hard to predict, and most modeling
studies exclude societal costs (such as productivity loss) to avoid
the uncertainty, thereby simplifying their models and missing
important cost-related factors (Example 1).

Example 1: Simplified modeling

In a large randomized controlled study (RCT), a sucrose
octasulfate dressing was shown to be effective in wound
healing in patients with a neuroischemic ulcer compared
to a neutral dressing." To further make the case for this
dressing, no fewer than 3 health-economic modeling studies
were sponsored by the manufacturer for the German, French,

VOL. 6-N?3 SEPTEMBER 2026

VAN NETTEN, ET AL.

and Vietnamese health care systems.'*!* This dressing is
recommended for specific hard-to-heal ulcers (noninfected
neuroischemic diabetes-related foot ulcers only), but in the
modeling beyond the RCT, ulcer characteristics were sim-
plified or excluded. Furthermore, hospitalization without
amputation (a treatment approximately 4 times more fre-
quent compared to hospitalization with amputation’®) was
not included in the models, and neither were societal costs.
Such simplified modeling fails to capture the complexity of
real-life patient care, and conclusions should therefore be
interpreted with caution.

Clinical Effectiveness

In modeling studies, 2 types of clinical effectiveness are seen:
assumed or known from a randomized controlled trial (RCT).
A pitfall when assuming clinical effectiveness is an overly
optimistic assumption, such as those outlined in Examples 2
and 3. To avoid this, many modeling studies use data from an
RCT. While that may include various metrics relevant for cost
calculations, RCTs do not inherently capture all treatments. For
example, emergency department presentation, hospitalization
(without amputation), and amputation are not automatically
captured within an RCT. Unless all treatment parameters are
prospectively included in the trial design, using data from
an existing RCT still requires making (inherently uncertain)
assumptions about clinical outcomes.

Examples 2 and 3: Overly positive clinical effectiveness

Temperature monitoring is an intervention that is rec-
ommended in international guidelines to help prevent foot
ulcer recurrence. Based on a meta-analysis of 5 randomized
controlled trials (RCTs), risk ratio is estimated at 0.51.'¢ How-
ever, that ratio was driven by older and high risk-of-bias RCTs.
When only recent and low- or moderate-risk-of-bias RCTs are
included, the risk ratio is estimated at 0.75.!° Despite these
findings, a cost-effectiveness modeling study used a relative
risk of 0.53 to show that a temperature-monitoring product
costing US $1500 (€1302) would be cost-effective.” If more
reliable and contemporary clinical effectiveness numbers
would have been used in the modeling, the conclusion would
probably be the opposite.'®

Another intervention included in international ulcer
prevention guidelines is nerve decompression."” However,
this intervention is recommended against, given the poten-
tial risks and no convincing evidence of effectiveness.?’ In a
modeling study,” the authors assumed an enormous effect size
of 96% (from 0.022-0.0008) in ulcer prevention, despite not
having data from a prospective study where the intervention
is compared with a control group to make such assumptions.
Subsequently concluding that the intervention is cost-effective
hinges on this unrealistic assumption.
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Quality of Life

Studies have consistently shown that people with a diabetes-
related foot ulcer have a reduced quality of life compared to those
who have never had one and compared to those who have healed
from a foot ulcer.?? These findings have formed the fundamental
basis for many modeling studies. However, surprisingly few
RCTs have actually measured quality of life prospectively. Of 4
prospective health-economic studies identified, 2 (50%) found
quality of life effectiveness to be different from the hypothesis
(Examples 4 and 5).

Examples 4 and 5: Unexpected quality of life findings

In the DIATEMP randomized controlled trial (RCT), the
effect of foot temperature monitoring on ulcer prevention was
investigated.” As hypothesized, the intervention group showed
significantly fewer foot ulcers. As people without a foot ulcer have
a higher quality of life compared to those with a foot ulcer, it was
hypothesized that this reduction in ulcer recurrence would be
accompanied by an increase in quality of life. Unexpectedly, the
opposite was found: the intervention group had lower quality of
life compared to usual care.” Various explanations are discussed
by the authors, and it cannot be ruled out that this unexpected
finding is an exception that other studies will not replicate.

In the CODIFI RCT, the effect of tissue swap vs biopsy in
infected foot ulcers was investigated.?* The primary clinical
outcome showed no effect: healing percentages of 45.3% vs 44.6%.
With no difference in clinical effect, one would assume no differ-
ence in quality of life. Unexpectedly, the analyses showed that
quality of life was significantly lower in those who underwent
biopsy.?® As with Example 4, the message here is not to provide
an explanation for this somewhat puzzling finding; this is a
finding from a single RCT that others may not replicate, but it is
about the consequences this has for health-economic modeling.

Regardless of the findings in Examples 4 and 5 being an ex-
ception or not, one can learn from both examples that this would
not have been known had quality of life not been measured pro-
spectively. Therefore, when modeling quality of life, less plausible
scenarios should also be considered, or threshold scenarios to
determine the boundaries of cost-effectiveness. Reality is more
complex than a simple model can capture.

Additionally, the differences in quality of life between the
various states (eg, noninfected, infected, hospitalized without
amputation, minor amputation, major amputation) vary widely
between and within studies.”?5¥ These uncertainties showcase that
effectiveness on quality of life should preferably be prospectively
measured. If modeled, it should be done with caution, taking
different scenarios into account.
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SIXTEEN QUESTIONS TO CONSIDER ASKING YOURSELF WHEN
READING A COST-EFFECTIVENESS MODELING STUDY

COSTS
1. How were costs determined?

2. Were adequate distinctions made for treatment costs of dif-
ferent types of foot ulcers (eg, superficial vs deep, infected vs
noninfected)?

3. Were assumptions for costly elective treatments, such as hospi-
talization and amputation, based on reliable assumptions?

4. How were societal costs, such as productivity loss, included?

5. How would different assumptions for costs affect the conclusions
of the modeling?

CLINICAL EFFECTIVENESS
6. Are the assumptions for clinical effectiveness realistic?

7. Are the assumptions for clinical effectiveness applicable to my
local situation?

8. How would different assumptions for clinical effectiveness affect
the conclusions of the modelling?

QUALITY OF LIFE
9. Are the assumptions for quality of life realistic?

10. Are the assumptions for quality of life applicable to my local
situation?

11. Were different states in the management of diabetes-related foot
disease included? Were assumptions made for each state?

12. How would different assumptions for quality of life outcomes
affect the conclusions of the modeling?

ADDITIONAL QUESTIONS
13. Have different scenarios been modeled, not just the most preferable?
14. Why were the analyses undertaken?

15. Was the plan for the analyses published before they were
performed?

16. Who paid for the analyses?

Please note that these questions are an unstructured list, created by the authors to facilitate (crit-
ical) assessment of modeling studies in diabetes-related foot disease by clinically oriented readers.
This is not a validated checklist. For validated and more methodologically oriented checklists, see
References 29-31.

FIGURE. Sixteen questions to consider asking yourself when reading a
cost-effectiveness modeling study.

To Model or Not to Model?

Where possible, in our opinion the answer to the Shakespearean
question is “not to model” but to measure prospectively in a
primary study. Setting up a prospective health-economic study
reduces bias, reduces the uncertainty related to the myriad
factors that play a role in the treatment outcomes of diabe-
tes-related foot ulcers, and provides the benefits of prospective
registration.? However, modeling studies may still be helpful, for
example, when prospective data collection is impossible, when
performed adjunctive to such data collection, when performed
with multiple scenarios (including those less plausible), or when
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performed as hypothesis-generating. If you do come across such
a study, it can be suggested to consider asking yourself some
of the 16 questions specified in the Figure. For more extensive
critical appraisal, we suggest readers familiarize themselves
with available tools, such as those from NICE? and the Joanna
Briggs Institute,*® or with any of the reporting tools available
on the Equator Network.®

Conclusion

Health-economic studies are an important tool in the assessment
of the effectiveness and implementation of interventions in the
management of diabetes-related foot disease. However, this disease
is characterized by large variations between patients, treatments,
and outcomes, along with large uncertainty in estimates of costs
and effects. Primary studies are therefore preferred over modeling
studies when assessing the cost-effectiveness of interventions
in this field. When modeling studies are performed, readers
should remain critical and carefully assess all assumptions
before conclusions on cost-effectiveness can be accepted. It is
our hope that this paper will motivate researchers to perform
primary health-economic studies, improve their health-economic
modeling when such a design remains needed, and help readers
to better assess those studies when published.
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