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PREFACE

The VA Evidence Synthesis Program (ESP) was established in 2007 to provide timely and
accurate syntheses of targeted health care topics of importance to clinicians, managers, and
policymakers as they work to improve the health and health care of Veterans. These reports help:

e Develop clinical policies informed by evidence;

e Implement effective services to improve patient outcomes and to support VA clinical
practice guidelines and performance measures; and

e Set the direction for future research to address gaps in clinical knowledge.

The program comprises four ESP Centers across the US and a Coordinating Center located in
Portland, Oregon. Center Directors are VA clinicians and recognized leaders in the field of
evidence synthesis with close ties to the AHRQ Evidence-based Practice Center Program. The
Coordinating Center was created to manage program operations, ensure methodological
consistency and quality of products, interface with stakeholders, and address urgent evidence
needs. To ensure responsiveness to the needs of decision-makers, the program is governed by a
Steering Committee composed of health system leadership and researchers. The program solicits
nominations for review topics several times a year via the program website.

The present report was developed in response to a request from the VA National Clinical
Orthotic and Prosthetic Program Office. The scope was further developed with input from
Operational Partners (below), the ESP Coordinating Center, the review team, and the technical
expert panel (TEP). The ESP consulted several technical and content experts in designing the
research questions and review methodology. In seeking broad expertise and perspectives,
divergent and conflicting opinions are common and perceived as healthy scientific discourse that
results in a thoughtful, relevant systematic review. Ultimately, however, research questions,
design, methodologic approaches, and/or conclusions of the review may not necessarily
represent the views of individual technical and content experts.
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EVIDENCE REPORT

INTRODUCTION
PURPOSE

The Evidence Synthesis Program (ESP) is responding to a request from the VA National Clinical
Orthotic and Prosthetic Program Office. Findings from this review will be used to update
existing therapeutic footwear policies and guidelines and inform standards of care and care
delivery for the assessment and management of Veterans at risk for diabetic foot complications.

BACKGROUND

An estimated 422 million people worldwide have diabetes, with 1.6 million deaths attributed to
diabetes each year.! In 2018, in the United States, an estimated 10.5% (34 million) of the
population had diabetes.? In Veterans, the prevalence of diabetes is even higher at 24%.3 Patients
with diabetes have significant comorbidities and complications, including obesity, cardiovascular
disease, peripheral arterial disease, kidney disease, and neuropathy. The likely synergistic effect
of these co-existing comorbidities and complications predisposes diabetic patients to an
increased risk of developing a diabetic foot ulcer (DFU) with resultant poor outcomes including
amputation. About 5% of patients who develop a DFU undergo an amputation within 1 year of
diagnosis. Among the nearly 8 million hospital discharges that occurred in 2016 in the US with
diabetes listed as any diagnosis, 130,000 were for a lower extremity amputation.? Among
veterans with diabetes in 2010, ~3,400 individuals underwent a lower extremity amputation.*
Patients with an incident DFU also have exceedingly high 5-year mortality rates likely due to
their greater severity of diabetes and higher burden of comorbid conditions, up to 45% in the
general population and 60% in Veterans.> The development of a DFU and its resultant
treatment also results in a significant decrease in patients’ quality of life due to a reduction in
physical and social activities.” Lastly, the cost of treating DFUs in the VA is high, exceeding $3
billion annually.# Hence, the development of a DFU is associated with significant morbidity,
mortality, decreased quality of life, and increased health care costs.

The VA National Clinical Orthotic and Prosthetic Program Office requested an evidence review
of prognostic tools to assess risk of DFU development and outcome, and orthotic and pedorthic
interventions to prevent and treat DFUs. A preliminary search of the literature identified more
than 10 relevant systematic reviews published in the last 5 years; as such we performed a review
of reviews intended to inform (a) the development of protocols for the clinical evaluation of
Veterans with diabetes with or without DFUs, and (b) an update of existing therapeutic footwear
policies and guidelines. Our review of reviews aimed to answer 2 key questions:

1) What are the tool performance characteristics (eg, accuracy, external validation, and
implementation) of assessment tools that:
a) Predictrisk of developing new diabetic foot ulcers (first or recurrent)?
b) Prognosticate outcomes of diabetic foot ulcers?

2) Whatis the effectiveness or comparative effectiveness of orthotic or pedorthic
interventions to prevent diabetic foot ulcers?
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3) What s the effectiveness or comparative effectiveness of orthotic or pedorthic
interventions to treat diabetic foot ulcers?

Given the frequency of diabetes and DFUs among Veterans with the resultant poor outcomes, the
answers to these questions are of critical importance to the individual, the health care system,
and society.
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METHODS

TOPIC DEVELOPMENT

This topic was nominated by the VA National Clinical Orthotic & Prosthetic Program Office.
We worked with our Operational Partners and Technical Expert Panel to guide scope refinement

and to develop the key questions.

KEY QUESTIONS

The following key questions (KQs) were the focus of this review:

1) Whatare the tool performance characteristics (eg, accuracy, external validation, and
implementation) of assessment tools that:
a) Predict development of new diabetic foot ulcers (first or recurrent)?
b) Prognosticate outcomes of diabetic foot ulcers?

2) Whatis the effectiveness or comparative effectiveness of orthotic or pedorthic
interventions to prevent diabetic foot ulcers?

3) Whatis the effectiveness or comparative effectiveness of orthotic or pedorthic
interventions to treat diabetic foot ulcers?

CONCEPTUAL FRAMEWORK

We developed the conceptual framework to guide this review of reviews. The framework details
how an adult with diabetes may move through the health care system, first capturing the use of
prognostic risk assessment tools to prioritize care for those most at risk, followed by prevention,
development, and treatment of diabetic foot ulcers with orthotic devices. Specific outcomes of
interest for prognostic tools include accuracy (eg, calibration and discrimination) and
implementation facilitation and barriers. Briefly, calibration is the ability of the tool to accurately
predict the absolute risk level and discrimination is the ability of the tool to discern at which risk
level (ie, low to high) an individual should be categorized. For orthotic interventions, the
outcomes of interest included ulcer development (both new and recurrent), ulcer healing, time to
ulcer healing, and amputation. The specific measures included in the framework are provided in
Figure 1 below.

21 “« <)



Tools for Diabetic Foot Ulcer Risk Evidence Synthesis Program

Figure 1. Conceptual Framework

Orthotic/pedorthic interventions

Risk assessment tools
No foot ulcer e
Risk of

unfavorable

Health outcomes

Adult with Intermediate

diabetes . Eutcome. . outcome v vass«p| - Decreased ulcer occurrence
ow- Pressure reduction - Improved ulcer healing
Intermediate - Decreased amputation
High
Foot ulcer

I Risk assessment tools

otlc/pedorthlc interventions
Key Questions

What are the tool performance characteristics (e.g., accuracy, reliability, and implementation) of assessment tools that predict risk of developing
new diabetic foot ulcers (first or recurrent)?

What are the tool performance characteristics (e.g., accuracy, reliability, and implementation) of assessment tools that prognosticate outcomes of
diabetic foot ulcers?

What is the effectiveness or comparative effectiveness of orthotic or pedorthic interventions to prevent diabetic foot ulcers?

What is the effectiveness or comparative effectiveness of orthotic or pedorthic interventions to treat diabetic foot ulcers?

1100

PROTOCOL

A preregistered protocol for this review can be found on the PROSPERO international
prospective register of systematic reviews (http://www.crd.york.ac.uk/PROSPERO/; registration
number CRD42021287645).

DATA SOURCES AND SEARCHES

We searched for peer-reviewed English language systematic reviews from initiation to July 2021
in the following databases: MEDLINE, Embase, and the Cochrane Database of Systematic
Reviews. We used Medical Subject Headings (MeSH) and title/abstract terms for diabetic foot
ulcers, risk assessment tools, and footwear or orthotics. To supplement the database search, we
reviewed reference lists of relevant systematic reviews identified from database searches. The
VA ESP and AHRQ EPC programs were also searched for relevant reviews. The detailed search
strategy is provided in Appendix A.

STUDY SELECTION

After duplicates were removed, citations were uploaded into DistillerSR (Evidence Partners,
Ottawa, Canada). Eligible populations included adults (>18 years of age) with diabetes with or
without the presence of a footulcer. Eligible articles also must address the intervention of
interest, a prognostic risk assessment or footwear, specifically orthotics, on ulcer development
and healing. Using the established prespecified inclusion and exclusion criteria, titles and
abstracts were screened by 2 reviewers for eligibility. Articles included by either reviewer were
moved forward to full-text review. At full-text review, 2 individuals decided on
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inclusion/exclusion by consensus (input from a third reviewer was requested as needed). A list of
studies that were excluded at full-text review can be found in Appendix B. The Prevention for
Amputation among Veterans Everywhere (PAVE) program was not identified in the literature
search; a search of the grey literature was performed identifying a directive and several press
pieces for the program.

Eligibility Criteria

Table 1. Inclusion and Exclusion Criteria

Domain

Inclusion Criteria

Exclusion

Key Question Key Question 1b Key Question
1a 2

Key Question 3

Criteria

Population

Those 18 years Those 18 yearsor Adults (18 years
orolderwithout olderwitha foot  orolder)with

Adults (18 years
and older)with

<18 years of age
withoutdiabetes

a footulcer ulcer diabetes who diabetes who
do nothave have footulcers
existing foot
ulcers
Intervention Toolsto assess Toolsto assess  Orthotic or Orthotic or
risk of (i) risk of (ii) pedorthic pedorthic
developing a amputationin interventionsto interventionsto
diabeticfoot patients with preventa treat a diabetic
ulcer currentulcers diabeticfoot footulcer
ulcer
Comparator Any
Outcomes e Discrimination for (i) e Ulcer e Ulcerhealing  Plantarpressure
developmentofan ulcer (firstor occurrence (complete vs.
recurrent): (i) risk foramputation o Amputation reductionin
o Sensitivity, specificity, predictive o Cost size)
value, area underthe curve « Adherence o Amputation
(AUC), calibration,
discrimination, risk
reclassification
e |mplementation(metricsinclude:
time to conducttest/tool, training
or certification need to conduct
test, location of test performance
[in office/outpatient], etc.)
e External validation
Timing Any
Setting Any Acute care (ie,
emergency rooms
or institutional
settings (eg,
nursing homes)
Study Systematic reviews Study protocols,
Design case studies,
editorials, no
comparison group
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DATA ABSTRACTION AND ASSESSMENT

Risk of bias (ROB) was assessed using the Risk of Bias in Systematic Review (ROBIS) tool
(Appendix C).8 The tool is comprised of 3 phases: the first phase assesses the review’srelevance
to the key questions, the second phase identifies concerns with the review process, and the third
phase judges the ROB for the review. Phase 2 of ROBIS has 4 domains: 1) study eligibility
criteria; 2) identification and selection of studies; 3) data collection and study appraisal; and 4)
synthesis and findings. Each domain is comprised of several signaling questions, each with 5
response levels: yes, probably yes, probably no, no, and no information. The final response
regarding potential bias in each of the 4 domainsis then pooled during phase 3 to assign an
overall ROB assessment (low, unclear, or high) to the review. We assigned the term moderate to
describe unclear ROB to provide clarity in level of bias. Because some eligible reviews were
qualitative in nature, we modified this tool to include a response of not applicable for 2 of the
signaling questions under data collection and study appraisal. Any study rated low ROB in all
domains was considered low ROB overall. Any study rated as high ROB in 2 or more domains
was considered high ROB overall. Any study that did not fulfill either of the 2 previous
requirements was considered moderate or unclear ROB overall. Ratings for eligible studies can
be found in Appendix C. ROB was assessed by 1 reviewer and confirmed by a second reviewer.
Reconciliation was reached via discussion and a third reviewer if necessary.

We abstracted data from eligible reviews rated as low or moderate ROB. Data were abstracted by
1 person and confirmed by a second. If needed to resolve conflicts, a third reviewer also
evaluated the study. As many of the reviews were narrative reviews, we abstracted data on study
and population characteristics, including sample size, number of studies, search strategy, setting
(regional vs national US), inclusion and exclusion criteria, interventions, comparators, and
outcomes (eg, ulcer development, ulcer healing, amputation). For outcomes, we abstracted
review characteristics, measurements captured in the reviews, and the review authors’
conclusions and limitations.

Each of the tools identified in the reviews relevant to KQ1 were noted. A review of the primary
literature was then performed for the tools identified as top performers by the systematic
reviews. Tools were categorized as (i) risk classification systems if they classified level of risk
(eg, high or low) without an absolute outcome rate over a specified time horizon; (i1) prognostic
models if they classified level of risk over a specified time horizon, but did not describe absolute
outcome rates; and (iii) prediction tools if they predicted absolute outcome rates over a specified
time horizon. Performance metrics forthese top tools were identified and abstracted from the
primary literature when available.

Specific outcomes of interest for prediction models and tools were prognostic accuracy and
implementation characteristics. Measures of prognostic accuracy assessed were calibration and
discrimination. Calibration measures how accurately the model’s predictions match overall
observed event rates. Calibration was evaluated using calibration plots and the
observed/predicted ratio. An observed/predicted ratio of close to 1 supports an overall good
calibration, and calibration plots enable an assessment for how predicted rates match observed
rates across all levels of absolute predicted risk.? Discrimination refers to the ability of the model
to separate individuals who will develop events from those who will not.? Discrimination is
evaluated using a C statistic or area under the curve for the receiver operating curve (AUC-
ROC); both of which are measures of concordance. C statistics generally range from 0.5 (random
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concordance) to 1 (perfect concordance). A C statistic value of 0.5-0.6 is poor, 0.6-0.7 is fair,
0.7-0.8 is good, and >=0.8 is excellent discrimination. C statistics measure the ability of a model
to rank patients from high to low risk but do not assess the ability of a model to assign accurate
probabilities of an event occurring (that is measured by the model’s calibration). Prognostic
accuracy was evaluated in internal or external validation studies. Validation was referred to as
internal when it was done using the original study sample with or without use of methods such as
bootstrapping or cross validation. Since internal validation tends to give an optimistic estimate of
performance, we also assessed for external validation, defined as assessing prognostic accuracy
of prediction models in a cohort independent of the development cohort.!9 We also qualitatively
assessed implementation for prediction models based on measures likely to enhance
implementation feasibility in primary care clinics (the health care setting where most diabetic
footulcer prognostic tools would be used). Factors included number of items in the tool, ability
to readily collect by history, clinical examination, laboratory value information on individual
patients at the point of patient-clinician contact, time to complete, and ease of calculating a final
prognostic score.

For both KQ 2 and 3, our search identified recently published systematic reviews (rated low or
moderate ROB) which addressed the questions and captured previous reviews and prior
evidence. Since high-quality work already exists in these areas; we summarize these recent
reviews and their findings.!!

SYNTHESIS

Due to the heterogeneity of identified studies, intervention definition, and the number of existing
systematic reviews summarizing prediction tools and interventions for prevention and treatment
of diabetic foot ulcers, a narrative synthesis in a review of reviews was developed. We
summarize study findings by the key questions and outcomes of ulcer development, healing, or
amputation. We subsequently describe in greater detail tools and their results deemed most
feasible based on number and type of components as well as ability to implement in a primary
care setting. We identified limitations within the reviews, independent of the authors, and
provide a summary of the findings and potential.

PEER REVIEW

A draftversion of this report was reviewed by technical experts as well as clinical leadership.
Their comments and our responses are presented in Appendix D.
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RESULTS
LITERATURE FLOW

The literature flow diagram (Figure 2) summarizes the results of the study selection process (full
list of excluded studies available in Appendix B).

Figure 2. Literature Flowchart
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LITERATURE OVERVIEW

Thirty systematic reviews were identified and deemed eligible. One is an overview of systematic
reviews,!! and the remaining 29 are systematic reviews. Six reviews are relevant to KQ1, 18 to
KQ2, and 10 to KQ3. Four reviews were relevant to both KQ 2 and 3.12-15 Two reviews for KQ1
were found to be low ROB,1¢-17 3 moderate ROB, 820 and 1 high ROB.2! For KQ2, we found 9 to
have low ROB,11:12.14.22-27 3 moderate ROB,2830 and 6 high ROB.13:15.3134 For KQ3, 6 were low
ROB,!2:14.3538 | moderate ROB,3? and 3 high ROB!3.15:40 (Table 2).

A qualitative or narrative approach was identified in 4 reviews for KQ1,16-18:21 16 reviews for
KQ2,11-15.22.24-27.29-34 and 8 reviews for KQ3.12-15:36:40 A]] of the reviews identified for KQ1 only
included observational studies. Three of the 6 reviews were published between 2016 and
2021.16.18.19 Among the reviews identified for KQ2, 3 included only RCTs,23-27:28 14 included a
mix of RCT and observational studies,!1-15:22.24-26.29-31.33.34 gnd 1 included only observational
studies.3? Eight of the reviews identified for KQ2 were published between 2016 and 2021.11.22-
24,28.29.31.32 Two of the reviews identified for KQ3 included RCTs only,384! while the other 8
reviews included both RCT and observational studies. 215353740 Four of the identified reviews
were published between 2016 and 2021353739 (Table 2).
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Table 2. Summary Characteristics of Eligible Reviews

Characteristic Reviews (k=30)
KQ1 (k=6) KQ2** (k=18) KQ3 (k=10)
Risk of Bias (ROBIS)
Low 2 9 6
Moderate* 3 3
High 1 6 3
Summary Method
Qualitative 4 16 8
Quantitative 1 1 2
Qualitative and 1 1 0
quantitative
Year of Review
1999 — 2005 0 3 0
2006 — 2010 1 1 2
2011-2015 2 6 4
2016 — 2021 3 8 4
Included Study Design
RCTs only 0 3
RCT and 0 14
observational
studies
Observational 6 1 0
studies
Review Type
Systematic review 6 17 10
Overview of reviews 0 1 0

*ROBIS uses the term unclear for reviews that are notidentified as low risk of bias but did notrise to the threshold of
high risk of bias.
** 4 reviews included capture datafor both KQ2 and KQ3.
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KEY QUESTION1:

What are the tool performance characteristics (eg, accuracy, external validation, and
implementation) of assessment tools that:

a) Predictdevelopment of new diabetic foot ulcers (first or recurrent)?

b) Prognosticate outcomes of diabetic foot ulcers?

Overview

We identified 3 SRs relevant to KQ1a and 4 SRs relevant to KQ1b that met our eligibility
criteria. Detailed characteristics and conclusions of the SRs can be found in Table 3 and Table 4.
We describe below the 2 SRs that provide specific recommendations for prognostic models for
KQT1a (Beulens et al and Fernandez-Torres et al) and for KQ 1b (Fernandez-Torres et al).16-19
Based on the conclusions from these SRs, we identified models that were deemed to be
prognostically accurate and clinically useful. We subsequently reviewed primary model
development and validation studies (if available) to evaluate prognostic accuracy (calibration and
discrimination) and usability. We identified 7 studies that described the initial development
and/or validation of the selected models.*>*® We identified no studies that evaluated the PAVE
tool and looked for external sources for information, including a VA directive, VA local health
system educational slides, and a VA webinar.

Beulens et al 2021

This SR, relevant to KQ1a, identified models/tools to predict development of DFU or amputation
in patients with type 2 diabetes (with or without a history of DFU) over a minimal 1-year follow-
up period. Studies of models that predict critical limb ischemia or studies that included diabetic
patients with current DFUs were excluded. The authors then subsequently performed an external
validation of selected models in an independent cohort of Dutch patients with type 2 diabetes
using a 5-year follow-up period. We assessed this SR as low ROB.16

The Beulens et al SR identified 21 studies of 34 prognostic models/tools that predicted
neuropathy, DFU, or amputation with at least 1-year follow up. Of these 34 models, 16 models
predicted amputation, 7 predicted DFU, and 6 predicted diabetic polyneuropathy. The commonly
used prediction horizons were 1 year and 10 years. The authors reported that most studies were
considered to have low to moderate ROB; the few studies with high ROB had limitations in the
domains of missing data, model development, and model performance.!6

The SR authors also conducted an external validation of 13 of the 34 models using a cohort
comprised of 7,624 community-dwelling adults with type 2 diabetes seen in a primary care clinic
in the Netherlands. The mean age was 67 years, 53% were male, and 4.1% had a history of DFU
or amputation. In this cohort, 485 (6.4%) developed a DFU and 70 (0.9%) underwent amputation
during the 5 years of follow-up. Among individuals with no history of DFU or amputation
(n=7309;95.9%),265 (3.6%) developed DFU and 28 (0.4%) underwent amputation over 5 years.
In contrast, among individuals with a prior DFU or amputation (n=315),220 (69.8%) developed
a DFU and 42 (13.3%) underwent an amputation at 5 years.
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Based on the external validation results, the models that performed well at predicting
development of DFU at 5 years were Boyko et al,*2 PODUS 2015,% and Martins-Mendes et al
(original and simplified).*? These models had good to excellent discrimination (C statistic
0.76-0.81). No calibration plots were presented for the Boyko et al or PODUS 2015 models for
DFU development. Calibration plots shown for the Martins-Mendes models (original and
simplified) for development of DFU at 5 years demonstrated good agreement between observed
and predicted absolute rates in the lower quintiles of predicted risk, but observed rates exceeded
predicted absolute rates (ie, predicted rates from models underestimated actual observed rates) in
the higher quintiles of predicted risk.

Based on external validation results, the models that performed well at predicting amputation at
5 years were the Martins-Mendes models (original and simplified) with C-statistics of 0.81 and
0.78, respectively. Calibration plots for these models for amputation prediction showed results
similar to their performance for DFU prediction (ie, good agreement for amputation prediction
between observed and predicted absolute rates in the lower quintiles of predicted risk), but
observed rates exceeded predicted absolute rates in the higher quintiles of predicted risk. The
authors concluded that using a combined endpoint of DFU or amputation, the Boyko et al,
PODUS 2015, and Martins-Mendes et al models showed good performance with C-statistics of
0.75 or over and may be applicable for use in clinical practice.!®

The SR authors highlighted the following limitations: (i) low [5-year] incidence of amputation in
the external validation cohort (n=70; 0.9%); (ii) the inability to differentiate between major and
minor imputations (missing data); (iii) limited generalizability to populations and settings
different from their external validation cohort, which consisted of community-dwelling Dutch
individuals receiving care in a centrally organized care center; and (iv) inability to validate
certain models because the needed variables were not available in the external validation
cohort.16

Fernandez-Torres et al 2020

This SR, relevant to KQ1la and 1b, identified clinician-assessment tools for measuring diabetic
foot disease and DFU-related variables, which included neuropathy and ulceration risk, and
DFU-related variables, which included amputation risk, healing, infection assessment, and
measurement applicable to patients with any type of diabetes. Studies of tools that did not
include psychometric properties in their development or did not provide any measurement
properties that met the consensus-based standards for the selection of health measurement
instruments (COSMIN) criteria were excluded. This SR was assessed as moderate ROB.1?

In this SR, the authors identified 29 studies of 39 clinician-assessment tools validated for the
assessment of diabetic foot disease and DFU-related variables. They identified 10 scales
assessing neuropathy, 10 assessing ulceration risk, and 17 assessing DFU-related variables. The
prediction horizons for these scales were unclear. Thus, measures of calibration and
discrimination or absolute risks of DFU-related outcomes over a specific time are not available.
Study populations were not described. ROB reporting for the included studies was not
available.!®

Of the 10 tools assessing ulcer risk, the authors identified the Queensland High Risk Foot Form
scale (QHRFF) as a valid and reliable instrument for assessing risk of developinga DFU.
However, the authors also stated that the psychometric characteristics of QHRFF did not have
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sufficient strength because the QHRFF validation study was only carried out in 22 subjects. Of
the 17 tools for assessment of DFU-related variables, the authors identified the Perfusion, Extent,
Depth, Infection, and Sensation (PEDIS) and Site, Ischemia, Neuropathy, Bacterial Infection,
and Depth (SINBAD) scales to be valid and reliable. The SR authors concluded that in at-risk
populations the QHRFF may be used to assess risk of development of DFU. Also, for amputation
risk, healing, infection assessment, and measurement in individuals with DFU, the PEDIS and
the SINBAD scales may be suitable for clinical use.!®

Limitations described by the SR authors included possible exclusion of tools that were published
in a language other than English, French, Spanish, Portuguese, and Italian, or reported
psychometric characteristics not included in the SR’s inclusion criteria.!®

KQ 1a. Recommended models to predict DFU or amputation in patients with
diabetes without a current DFU (with or without a history of prior DFU)

Based on the results and conclusions of the 2 aforementioned SRs, we identified 5 recommended
models to predict either DFU or amputation risk in patients without a DFU: Boyko et al, Martin-
Mendes et al (simplified and original model), PODUS 2015, and QHRFF. Additionally, based on
our literature search, we identified an updated model for PODUS 2015 referred to as PODUS
2020.4¢ Hence, in total we prioritized 6 models for further review and assessment of prognostic
accuracy and usability (Appendix E: Supplemental Table 1 and Supplemental Table 2).

We reviewed the original studies describing development and validation of these 6 models.42-48
We determined that PODUS 2015 and QHRFF are best categorized as risk classification systems
without an absolute prediction rate over a specified time horizon. Since prediction of an outcome
over a specific time horizon is important for shared decision-making including specialty referral
and intervention, we excluded theserisk classification systems from further consideration. We
describe below characteristics of the 4 models/tools that predict DFU development or need for
amputation over time horizons ranging from 1 to 5 years — Boyko et al, original model by
Martin-Mendes et al, simplified model by Martin-Mendes et al, and PODUS 2020. The models
by Boyko et al. and Martins-Mendes were prognostic models classifying level of risk over a
specific time horizon without an ability to calculate absolute rates, while the PODUS 2020 was a
risk prediction tool predicting absolute rate of DFU development over 2 years.

Prognostic Accuracy

Prognostic accuracy of the 4 recommended models was measured by discrimination and
calibration. Table 5 describes the performance characteristics of the 4 recommended prediction
models in their development and validation (internal and external) studies for predicting DFU or
amputation over time horizons of 1 to 5 years.

Discrimination

Predicting DFU development: In the internal validation cohort studies for predicting DFU
development between 1 to 5 years, the models by Boyko et al and Martins-Mendes et al (original
and simplified) had good to excellent discrimination (C statistic 0.76-0.81). In external validation
studies for DFU prediction, all 4 models, Boyko et al (5-year prediction horizon), Martin-
Mendes et al (original and simplified; 5-year prediction horizon), and PODUS 2020 (2-year
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prediction horizon), had good to excellent discrimination (C statistic 0.76-0.83), with PODUS
2020 performing best.16:46

Predicting amputation: In the internal validation studies for predicting amputation at 3 years, the
2 models by Martins-Mendes (original and simplified models) had excellent discrimination (C-
statistic 0.83 and 0.81). In the external validation cohort, for prediction of amputation at 5 years,
the 2 models by Martins-Mendes (original and simplified) also showed good to excellent
discrimination (C statistic 0.78 and 0.81).1¢

Calibration

Calibration was assessed by a review of calibration plots and calibration slope.

Predicting DFU development: No models reported calibration in their internal validation cohort
studies. Calibration, as reported by external validation studies, was not available for Boyko et al,
but was available for the models of Martins-Mendes and PODUS 2020.1946 For the Martins-
Mendes models (original and simplified; predicting DFU at 5 years) and PODUS 2020
(predicting DFU at 2 years), calibration plots showed good agreement between observed and
predicted absolute risks in the lower quintiles of predicted risk, but observed risks exceeded
predicted absolute risks (ie, predicted risks from models underestimated actual observed risks) in
the higher quintiles of predicted risk.

Predicting amputation: For the Martin-Mendes models that predicted amputation, no calibration
was reported in the internal validation study. The external validation study showed that for
amputation prediction at 5 years, similar to results for DFU prediction, both models had good
agreement between observed and predicted absolute risks in the lower quintiles of predicted risk,
but observed risks exceeded predicted absolute risks in the higher quintiles of predicted risk.

Validation

All 4 recommended models have been externally validated. The models by Boyko et al and
Martin-Mendes et al (original and simplified) were externally validated in an independent cohort
of Dutch community-dwelling individuals with type 2 diabetes with a 5-year follow-up.!®
PODUS 2020 was validated by the development authors in an independent British cohort with a
2-year follow-up.4°

Usability and Feasibility of Implementation

Table 6 and Supplemental Table 1 describe variables included in the 4 models and score
interpretation. The models include variables obtained by history or chart review (prior DFU,
prior amputation, and diabetes complications), physical exam (neuropathy, peripheral arterial
disease [PAD], fungal infection, and physical impairment), and diagnostic testing in the clinic
(visual acuity) or laboratory (microbiology to assess foronychomycosis or tinea pedis, and
HbA1c). The number of variables included in the recommended models range from 2 to 7. Most
included variables can be ascertained by primary care physicians in the clinic by interview,
examination, and review of the medical record. However, models by Boyko et al and Martins-
Mendes (original or simplified) are more time intensive and require a calculation tool. PODUS
2020 is a simple risk prediction score ranging from 0-4 and can be assessed in the primary care
setting, though calculation of the score requires monofilament testing and palpation of pulses in
4 locations.
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KQ1b: Models to predict amputation in patients with a current DFU

Based on the results of the SR by Fernandez-Torres et al, there were 2 recommended models to
predict amputation in patients with DFU: PEDIS tool and SINBAD tool (Supplemental Table 3).
We reviewed the original studies describing development of these 2 models.#7#8 Based on this
review, we determined that PEDIS and SINBAD were developed as risk classification systems
for patients with DFU with no time horizon for risk prediction; hence we excluded these models.
Thus, we did not identify any risk prediction tools for predicting risk of amputation in patients
with DFU over a specified time horizon.
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Table 3. Overview of Systematic Reviews Evaluating Prognostic Models or Risk Prediction Tools for Diabetic
Foot Ulcer Development or Amputation in Patients with Diabetes

Author (year); Risk of Bias Population Outcome #Studies/ Authors’ Conclusions Our Conclusions
(ROBIS); Search Dates; #Models
Sources; Study Type
Beulens et al (2021)'; Low  Patients withtype Foot ulcer 21/34 The models by Boyko et PODUS 2015 was
ROB; Inception-10/21/2020; 2 diabetes development, al, PODUS 2015, and  developed as arisk
PubMed and EMBASE; amputation, or Martins-Mendes et al*® classification tool with no
Systematic review and neuropathy, or a performed well to predict  time horizon for risk
external validation study combination of these outcomes of either prediction. Hence, itis
over a minimal 1-year amputation or foot ulcer. not a risk prediction
follow-up model and was excluded
from further
consideration. The
models by Boyko et al
and Martins-Mendes et al
are prognostic models.
Fernandez-Torres et al Patients with Neuropathy risk, 29/39 The Queensland High Risk QHRFF was developed
(2020)"°; Moderate ROB; diabetic foot ulceration risk, and Foot Form (QHRFF)was  as arisk classification
Inception-12/30/2019; disease including  diabetic foot ulcer valid and reliable for the tool with no time horizon
PubMed, Scopus, SciELO,  neuropathy, outcome (amputation assessment of ulceration  forrisk prediction. Hence,
CINAHL, Cochrane, PEDro, regardlessofthe  risk, healing, infection risk. it is not a risk prediction
and EMBASE; Systematic  type of diabetes assessment, and model and was excluded
review measurement) from further
consideration.
Monteiro-Soares et al Patients with Foot ulcer 13/5 The best method for Identical to the authors’

(2011)"; Low ROB;
Inception-4/15/2010;
MEDLINE; Systematic review

diabetes, type
unspecified

development

assessment of risk
stratification is not
immediately apparent.

conclusions
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Table 4. Overview of Systematic Reviews Evaluating Prognostic Models or Prediction Tools for Amputation in
Patients with Diabetic Foot Ulcer (DFU)

Author (year); Risk of Bias Population Outcome #Studies/ Authors’ Conclusions Our Conclusions
(ROBIS); Search Dates; #Models
Sources; Study Type
Fernandez-Torres et al Patients with Neuropathy risk, 29/39 The perfusion, extent, PEDIS and SINBAD were
(2020)"°; Moderate ROB; diabetic foot ulceration risk, and depth, infection and developed as risk
Inception-12/30/2019; disease including DFU outcome sensation scale (PEDIS) classification tools with
PubMed, Scopus, SciELO,  neuropathy, (amputation, DFU and site, ischemia, no time horizon for risk
CINAHL, Cochrane, PEDro, regardlessofthe  healing, DFU infection neuropathy, bacterial prediction. Hence, they
and EMBASE; Systematic type of diabetes assessment,and DFU infection, and depth score are not prognostic
review measurement) (SINBAD) tools were valid models and were

and reliable for the excluded from further

assessment of amputation consideration.

risk.
Monteiro-Soares et al Patients with a Ulcer-free survival, Unclear/19 No classification could be Identical to the authors’
(2020)'®; Moderate ROB; diabeticfootulcer healing, used to define prognosis  conclusions
Unclear; PubMed; hospitalization, limb in any individual ulcer.
Systematic review amputation, mortality,

and cost

Monteiro-Soares et al Patients with a Amputation 25/15 No classification systemis Identical to the authors’
(2014)®; Moderate ROB; diabetic foot ulcer ready for wide application. conclusions

Inception-5/31/2013;
EBSCO, ISI, PubMed, and
SCOPUS; Systematic review

Karthikesalingam et al Patients with a “Prognosticaccuracy” 18/11 No specific Identical to the authors’
(2010)*"; High ROB; diabetic foot ulcer recommendation for a conclusions
1966-2009; EMBASE and scoring system.

MEDLINE; Systematic review
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Table 5. Performance Characteristics of Recommended Prognostic Models or Prediction Tools for Diabetic Foot
Ulcer Development or Amputation in Patients with Diabetes

Prognostic Validation Validation Cohort Size (n); Outcome Prediction Discrimination; Calibration Slope'
Model; Characteristics Predicted Horizon C- or AUC (Observed/Predicted)
Derivation Statistic (95%  (95% Cl)
Cohort Cl)
Characteristics;
Size
Boyko et al Internal 1285; Veterans in the US, 95% DFU 1year 0.81 (NR) NA
(2006); 95% type (development withtype 2 DM seen in primary DF 76 (NR NA
2DM? n=1285 cohort) care clinics, 98% male v S years 0.76 (NR)
External 7624; Patients in Netherlands with DFU 5years 0.81 NA
type 2 DM seen in primary care (0.75, 0.86)
clinics, 53% male
Martin-Mendes et Internal 644; Patients in Portugal, 98% with DFU 3 years 0.8 NA
al; original (2014); (development type 2 DM seenin DM foot clinics, (0.76, 0.84)
0, . 0,
Sr3]§é>42ype 2DM;  cohort) 47% male Amputation 3 years 0.83 NA
(0.78, 0.89)
External 7624, Patients in Netherlands with DFU? 5years 0.78 1.56 (NR)
type 2 DM seen in primary care (0.73, 0.82)
T o
clinics; 53% male Amputation 5years 0.81 1.26 (NR)
(0.74, 0.88)
Martin-Mendes et Internal 644; Patients in Portugal, 98% with DFU 3 years 0.79 NA
al; simplified (development type 2 DM seen in DM foot (0.76, 0.83)
(2014); 98% type cohort) outpatient clinic, 47% male -
2 DM: n=644 Amputation 3 years 0.81 NA
(0.74, 0.87)
External 7624; Patients in Netherlands, DFU 5years 0.77 0.97 (NR)
100% type 2 DM seen in primary (0.72, 0.82)
7 o
care clinics, 53% male Amputation 5 years 0.78 1.41(NR)
(0.71, 0.84)
PODUS (2020); Internal 8255; Patients from 4 cohorts in DFU 2 years NA NA
type 1and 2DM; (development Europe and US with type 1 or2
n=8255 cohort) DM seen in primary and secondary
foot clinics, 53% male
36
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External 3324; Patients in UK with type 1 or DFU 2 years 0.83 1.14
2DM, 91% type 2DMseenin (0.79-0.87) (0.99-1.28)
primary and secondary foot clinics,

57% male

"Prior to recalibration; 2Diabetes mellitus; *The model of Martins-Mendes et al (original) for predicting DFU used physical impairmentas a predictor. Since this
variable was notavailablein the external validation cohort, validation was conducted with the assumptionthatnone ofthe participants were physically impaired.
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Table 6. Variables Included in Prognostic Models Predicting Diabetic Foot Ulcer Development or Amputation in
Patients with Diabetes

Prognostic Models Foot-related Variables Non-foot Related Variables #Variables
(Ot Neuropathy' PAD? Prior Prior Fungal Diabetes Poor Physical HbA1c
DFU Amputation Infection® Complications* Vision® Impairment
Boyko et al (2006) 4 v v v v v 7
(DFU)
Martin-Mendes et al v v v v 4
original (2014) (DFU)
Martin-Mendes et al v v v 3

original (2014)
(amputation)

Martin-Mendes et al v v 2
simplified model

(2014) (DFU or

amputation)

PODUS (2020) v v v v 3
(DFU)

'Assessed as insensate to 10-g monofilament

2Peripheral arterial disease assessed by absence of at least one pedal pulse

3Includes evaluation for tinea pedis and onychomycosis

4Includes evaluation for the total number of diabetes complications, which include retinopathy, nephropathy, neuropathy, cerebrovascular, cardiovascular,
peripheral arterial disease, and metabolic (ketoacidosis, hyperosmolar coma, or other coma)

SVision poorer than 20/40

% “« 4 )



Tools for Diabetic Foot Ulcer Risk Evidence Synthesis Program

KEY QUESTION2: What is the effectiveness or comparative
effectiveness of orthotic or pedorthic interventions to prevent diabetic
foot ulcers?

Overview

Eighteen SRs were identified that evaluated the effectiveness of interventions for prevention of
DFU, 1 of which was an overview of reviews published in 2020 as a Health Technology
Assessment for the National Institute for Health Research that informs NICE guidance. Due to
the overlapping and large volume of literature, we based our conclusions on the overview of
reviews and 3 SRs published after the overview. The eligibility criteria of the included SRs did
not always line up entirely with our criteria, and several of the SRs included studies with
populations, comparators, and outcomes not relevant to our review (Supplemental Table 4 and
Supplemental Table 5)

Crawford et al 2020 Health Technology Assessment

The review of reviews by Crawford et al identified 20 SRs that evaluated interventions to
prevent DFUs in primarily diabetic populations.!! The individual SRs included in the overview
provided a narrative summary of the effectiveness of various interventions, and some SR authors
suggested that there may be some benefit in therapeutic footwear to prevent recurrent ulcers,
while other SR authors concluded that there was too much uncertainty in the published literature
to provide definitive conclusions and underscored the need for more rigorous studies.!!

The overview included SRs that specified primary studies of RCTs and observational study
design with half of the identified reviews only including RCTs. The Crawford overview scope
was broader than our overview scope, as it allowed for any intervention of diabetic foot risk and
captured all the previous reviews that our search identified. Interventions were categorized as
simple or complex; orthotics were classified as simple interventions (eg, pressure-distributing
insoles or bespoke footwear or education packages in relation to foot care or other aspects of
self-management aimed at patients or health care professionals). Four SRs included in the
overview were deemed to have low ROB in all 4 ROBIS domains. The other 16 included
reviews had at least 1 ROBIS domain that had been identified as high ROB. The authors
provided a summary table of the included SRs describing the population, intervention, study
level conclusions, and synthesis methodology as well as a narrative summary of a subset of
reviews for each intervention group. Under the footwear and offloading subheading, the authors
narratively summarize the findings from 5 SRs and 1 SR update that captured evidence related to
therapeutic footwear or offloading. Under the subheading mixed interventions, 6 SRs were
included; these mixed interventions included the use of orthotic or therapeutic footwear in
concert with other interventional approaches (eg education, podiatric care). Crawford et al
concluded that while the 20 reviews did not all share identical scope, there was sufficient overlap
of interventions and populations to warrant inclusion in the overview.

The Crawford overview made the following major conclusions: (1) the majority of SRs provided
inconclusive evidence and more primary research is required; (2) the large number of available
SRs lends support to the hypothesis that interventions for DFU are regarded with a high degree
of clinical uncertainty and there is a desire for more high-quality evidence; (3) conducting a new
SR to obtain estimates of effect of interventions on a broad population of people with diabetes
was warranted.!! Many of the SRs included in the overview were published prior to the Preferred
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Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Thus, earlier
SRs may be more likely to be assigned higher ROB as standard features of a review publication
were missing.

Recent Systematic Reviews

Three SRs were published at or slightly after the publication of the aforementioned review of
reviews. One is the follow-up SR by Crawford et al in response to their overview of reviews
conclusion. Of the 3 reviews, 2 were low ROB and the third was moderate ROB. The 3 SRs
included many of the same studies, with 6 of the 7 studiesidentified by Crawford et al??
appearing in van Netten et al*> and Alahakoon et al?® (Supplemental Table 4 and Supplemental
Table 5).

Crawford et al 2020

The updated SR by Crawford et al (2020) evaluated the effectiveness of interventions to prevent
footulceration in people with diabetes.??> Unlike the overview of reviews, the SR included only
RCTs, whereas the overview allowed for SRs that included non-RCTs. The authors identified 8
intervention categories: 1) education alone; 2) dermal infrared thermometry; 3) complex
interventions; 4) custom-made footwear and offloading insoles; 5) digital silicone device; 6)
antifungal treatment; 7) elastic compression stockings; and 8) podiatric care. The authors
identified 22 RCTs, 6 of which evaluated custom-made footwear and offloading insoles. Based
on a pooled estimate, authors found that custom footwear (offloading) versus standard of care or
non-therapeutic footwear in those without currently existing DFU reduced the development of
DFU (RR =0.53,95% CI1(0.33,0.85), 2=78%) over a 12-24-month time period. However, in a
subgroup analysis including only individuals with a prior history of foot ulceration, the pooled
effect was less and not statistically significant (RR =0.77,95% CI (0.47,1.06)). Crawford et al
concluded: “The meta-analyses of dermal infrared thermometry, complex interventions and
therapeutic footwear with offloading insoles suggest that these interventions can help prevent
footulceration in people with diabetes.” The authors noted several limitations of previous studies
examining this intervention, including lack of standardization in terminology, prescription,
manufacture, and material properties of interventions; heterogeneity in study designs,
methodology and participant populations; and differences in participant characteristics.?3

van Neftten et al 2020

van Netten etal (2020) identified 81 publications, 35 studies that had a controlled study design
and 46 that had a noncontrolled study design, which investigated the effectiveness of
interventions to prevent first and recurrent DFUs.22 The authors created 8 intervention
categories: 1) foot self-care; 2) structured education about foot self-care; 3) foot self-
management; 4) treatment of risk factors or pre-ulcerative signs on the foot; 5) orthotic
interventions; 6) surgical interventions, 7) foot-related exercises; and 8) integrated foot care. The
primary outcomes of interest were occurrence of first foot ulcer and recurrent ulcer. Seven RCTs,
3 cohort studies, and 9 noncontrolled studies were included under the orthotic intervention
category. The authors made the following 2 statements: 1) “In people with diabetes with
moderately increased risk for foot ulceration (International Working Group for Diabetic Foot
(IWGDF) risk 2), therapeutic footwear, including shoes, insoles, or orthoses, may reduce the risk
of a first-ever foot ulcer” (low certainty of evidence); and 2), “In people with diabetes at high
risk for foot ulceration IWGDF risk 3), therapeutic footwear, including custom-made shoes or
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insoles with a demonstrated plantar pressure-reducing effect on the plantar surface of the foot
during walking, and that the patient actually wears, reduces the risk of a recurrent plantar
diabetic foot ulcer” (van Netten et al assessed as moderate certainty of evidence).??

SR Alahakoon et al 2020

Alahakoon etal (2020) was a moderate ROB SR, including 17 RCTs and comparing home foot
temperature monitoring, patient education, and foot offloading to prevent DFU.28 The authors
defined footwear as any shoe or insole designed to relieve mechanical pressure from specific
regions of the foot. The primary outcome was diabetes-related foot ulcer incidence. Seven RCTs
assessed the use of footwear in preventing DFUs. Offloading footwear reduced the incidence of
diabetes-related foot ulcers (OR =0.48, 95% CI (0.29, 0.80),p =0.005); I2=72%. Results were
consistent for custom-made orthoses/footwear interventions (OR =0.47,95% CI1(0.27,0.82), p
=0.008). The authors concluded that offloading footwear is effective in reducing the incidence
of diabetes-related foot ulcers.?® However, the high ROB, as assessed by Alahakoon et al, of the
included studies reduces certainty of conclusions.

KEY QUESTION 3: Whatis the effectiveness or comparative
effectiveness of orthotic or pedorthic interventions to treat diabetic
foot ulcers?

Overview

Ten reviews were eligible for inclusion for KQ3. We summarize the findings from the 2 most
recent low ROB reviews.33:38 The two SRs captured 6 of the same studies in their included
citations, though both included more than 6 studies (Supplemental Table 6 and Supplemental
Table 7).

Lazzarini et al 2020

The SR by Lazzarini et al was an update of a previousreview and investigated the effectiveness
of offloading interventions to heal DFUs.3 This review also incorporated the findings from 2
other reviews published after 2016 that we included in our overview.373? The authors created 4
offloading intervention categories: 1) offloading devices (any offloading intervention that was a
custom made or prefabricated device, excluding footwear); 2) footwear (any offloading
intervention that was shoe gear, including insoles and socks; 3) other offloading techniques (any
other non-surgical offloading intervention that was not an offloading device or footwear); and 4)
surgical offloading techniques. The review authors identified a total of 165 publications,
including 6 meta-analyses, 39 controlled trials, and 120 non-controlled trials. Twenty citations
were identified under the footwear intervention, with 2 meta-analyses, 2 controlled trials, and 16
non-controlled trials. The 2 meta-analyses identified for inclusion under the footwear trials were
2 reviews identified during our search of the literature.37-3° Lazzarini et al defined therapeutic
footwear as being custom-made or customized footwear with or without insoles. No definition
for foot ulcer was provided. Results were summarized narratively, with the following evidence
statement: “Therapeutic footwear is less effective than non-removable knee-high offloading
devices to heal a neuropathic plantar forefoot or midfoot DFU.” The authors chose to downgrade
the certainty of evidence rating to moderate, citing minor inconsistencies among the meta-
analyses and RCT findings. The authors concluded the following: “As a result of these findings,
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conventional or therapeutic footwear should not be used to heal a plantar forefoot or midfoot
DFU as there are more effective offloading device interventions available.”>

Healy et al 2018

The SR by Healy et al summarized RCTs assessing the effectiveness of prosthetic and orthotic
interventions for DFUs, but the review was not limited to diabetic populations or interventions of
the foot.28 Orthotic devices/products were defined as “an externally applied device that was used
to modify the structural and functional characteristics of the neuromuscular and skeletal
systems.” The authors identified 346 RCTs, 15 categorized as related to DFU treatment. The
authors summarized findings from 7 RCTs that included ulcer healing as a primary outcome,
concluding: “When compared to a control condition, orthotic interventions showed some
evidence of superior results with lower ulcer incidence/relapse rates. However, when it comes to
treating active ulceration, total contact casts (TCCs) show superior results in most of the RCTs.
Our findings are in line with previous research in this area.”?8
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DISCUSSION
KEY FINDINGS

e The PODUS 2020 risk prediction tool, referred to by the authors as a clinical prediction
rule (CPR), has the most favorable prognostic accuracy and feasibility characteristics for
use in the clinic setting to predict risk of primary or recurrent DFU at 2 years.

e We did not identify any risk prediction tools for amputation or non-DFU-healing in
patients with current DFU over a specified time horizon.

e Although PODUS 2020 predicts risk of DFU at 2 years, no data exist to inform how risks
for DFU change over time and the appropriate re-screening intervals for any tool.

e Tools with good prognostic accuracy, especially those developed in non-Veterans, need
to be validated in a primary care VA population prior to implementation. Limited
evidence suggests that offloading and therapeutic footwear may prevent the development
of primary and recurrent DFU though uncertainty remains regarding comparative
effectiveness.

e While methodological limitations exist in the primary literature and systematic reviews of
accommodative insoles, Total Contact Casts (TCC) and available removable devices may
improve DFU healing.

e Intervention adherence was low and research to identify adherence barriers and
facilitators is needed.

In this overview of reviews, we found 30 SRs with data relevantto 1 of the 3 established key
questions. We found 6 SRs related to KQ1, 17 SRs and 1 overview related to KQ2, and 10 SRs
related to KQ3. The majority of the included SRs incorporated mixed study designs and
summarized the findings narratively or qualitatively. We summarize the findings of the most
recent low and moderate ROB SRs, as they capture much of the evidence presented in older SRs
while also including the newly introduced tools and interventions.

DFUs have severe consequences for the individual and health care systems providing foot care.*?
Prognostic models which predict risk of DFU can aid in targeted monitoring and focused
prevention for high-risk patients while reducing unnecessary and time/resource-intensive
additional monitoring or referrals for lower-risk individuals. We found 2 recent SRs that
identified tools and models predicting risk of DFU or amputation and assessed their performance
characteristics.!6:1? Although both SRs included studies published in PubMed and EMBASE
databases over similar time frames, they identified different models and tools and reached
different conclusions. The disparate findings in the 2 SRs are likely due to differences in the
study populations included, search terms, and eligibility for inclusion of non-validated
tools/models. Thus, in contrast to Beulens et al which identified prediction models, Fernandez-
Torres et al mostly identified clinician assessment or risk-classification tools without a prediction
time horizon. Models or tools that do not provide a time frame for risk prediction cannot provide
an absolute risk estimate over a given time period for the patient and are less useful for shared
clinical decision-making between providers and patients.
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Based on the results of the identified studies, we considered 4 models/tools for clinical use — 4
which predicted risk for DFU (Boyko et al, PODUS 2020, Martins-Mendes original, Martins-
Mendes simplified) and 2 which predict amputation (Martin-Mendes et al, original and
simplified). All 4 models predict first and recurrent DFU and include prior DFU as a risk factor.
Our search did not identify any tools which exclusively predicted first DFU (ie, primary
prevention of DFU).

A prerequisite for tool application to clinical practice is adequate prognostic accuracy (judged by
discrimination and calibration). In external validation studies, all 4 models/tools predicting DFU
at 2 or 5 years and the 2 models predicting amputation at 5 years had good to excellent
discrimination (C statistic >0.75).16-46 Calibration was only reported for the 2 models by Martin-
Mendes et al (original model and simplified model) for outcomes of either DFU or amputation at
5 years and PODUS 2020 for outcome of DFU at 2 years. For these 3 models, calibration was
good in the lower predicted risk categories but suboptimal in the higher predicted risk groups.

The model developed by Boyko et al is discussed in more detail because it was initially
developed in Veterans in a primary care setting with external validation of the model using a
Dutch cohort. Boyko et al recruited Veterans, primarily male (98%), with type 2 diabetes from
Seattle VA primary care clinics (n=1285). Participants had long-standing diabetes that was
poorly controlled (mean duration >10 years and HbA 1c approximately 10%); 30% had a history
of DFU or amputation. Over a mean follow-up of 3.4 years, 16.8% of veterans developed a
DFU.#2 In the external validation study,!'® the model was evaluated in a cohort with type 2
diabetes seen in primary care clinics in the Netherlands (n=7,624) that had a much lower risk of
DFU. In this cohort, only 4.1% had a history of DFU or amputation, and during the 5 years of
follow-up only 6.4% developed a DFU and 0.9% underwent amputation. The model performed
well in validation studies, showing good discrimination for DFU predictionat 1 year and 5 years
in the Veteran cohort (C-statistic 0.81 and 0.76, respectively; internal validation) and for DFU
prediction at 5 years in the Dutch cohort (C-statistic 0.81; external validation). The internal
validation study did not provide information on calibration, and the external validation study
provided calibration plots for the model only after recalibration — results which are subject to
optimism and likely fail to accurately reflect model performance in other cohorts. Furthermore,
this prognostic model does not provide an absolute risk of DFU based on score.

We also reviewed the Prevention of Amputation in Veterans Everywhere (PAVE) tool used
clinically in the VA.30 This tool, which is a risk-classification system, is recommended to be used
annually by primary care clinicians in all Veterans with diabetes to assess DFU risk and provide
risk thresholds for podiatric referral to individuals without DFU who are judged to be at
moderate or high risk for foot complications (PAVE 2 or 3), including any individual with a
current or prior DFU. PAVE consists of 6 binary variables: neuropathy (defined as insensate to
monofilament testing); PAD (defined as the absence of any dorsalis pedis or posterior tibial
pulse); evidence of severe PAD (eg, intermittent claudication, rest pain, gangrene, or peripheral
bypass surgery); prior DFU or amputation, mechanical deformity; or end-stage renal disease. The
results are weighted according to risk variable and classify patients as normal (PAVE 0), low
(PAVE 1), moderate (PAVE 2), or high risk (PAVE 3) for foot complications. Scoring does not
require a calculation tool and is a clinical reminder available through the VA electronic medical
record. Identification of increased risk by PAVE (PAVE score of 1 or greater) prompts referral to
specialists (podiatrists) for close monitoring, correction of modifiable factors, and preventative
interventions. Despite the many favorable clinical applicability characteristics, we did not find
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any developmental or validation studies for PAVE that evaluated prognostic accuracy or time
horizons for prediction.

Finally, the PODUS 2020, which the authors describe as a clinical prediction rule (CPR), was
developed in a large population (n=8,255) using data from 4 international cohorts in Europe and
the US. It is composed of 3 binary variables (neuropathy, absence of any pedal pulse, or prior
history of DFU or amputation). The percent of patients with a prior history of DFU or
amputation was 8.5% in the developmental cohort, and 5.2% of all participants developed a DFU
at 2 years. Clinical prediction scores of 0, 1, 2, 3, and 4 had a risk of DFU within 2 years of
2.4%, 6.0%, 14.0%, 29.2%, and 51.1%, respectively. PODUS 2020 has also externally validated
in an independent cohort (n=3324), in whom the absolute risk of DFU development at 2 years
was 3.9%. In this validation cohort, PODUS 2020 had excellent discrimination and good
calibration (except in the highest risk quintiles).

PODUS 2020 has not been validated in the Veteran population, with a possibly higher absolute
risk of DFU development (based on select data by Boyko et al); as such the performance of
PODUS 2020 in Veterans is unknown. Based on their findings, the PODUS 2020 authors also
concluded that referral and subsequent monitoring and treatment for individuals with an
estimated 2-year probability of DFU of 6% or more (CPR score = 1) would resultin 15
additional individuals being correctly identified as an ulcer case at 2 years per 1000 individuals
screened without increasing the number considered unnecessarily referred. Use of a threshold of
an estimated 2-year probability of DFU of 14% or higher (CPR score =2) would resultin 10
additional cases of DFU being correctly identified at 2 years per 1000 individuals screened
without increasing the number considered unnecessarily referred. However, it is not known if
implementation of the CPR and subsequent referral, monitoring, or treatment prevents
development of DFU or amputations.

Clinical applicability is a critical consideration that drives widespread uptake, use, and
implementation of a prediction model/tool. Given the time constraints in primary care clinics
with competing priorities for clinicians, the ideal model/tool includes evaluation of only a few
readily obtainable variables and ease of prediction. The 4 models/tools under consideration,
Boyko et al, Martins-Mendes et al (original and simplified), and PODUS 2020, included 2 to 7
variables. Although the simplified models by Martin-Mendes et al which predict either DFU or
amputation have the least number of variables (2), the single variable of diabetes complications
entails an assessment for presence of 7 complications. Furthermore, the models by Martin-
Mendes et al (original and simplified) also require a calculation tool to ascertain risk. The model
by Boyko et al evaluates 7 variables and requires an evaluation of vision and laboratory data in
addition to a calculation tool to ascertain risk. These factors decrease the feasibility of
widespread implementation of these models in busy primary care clinics. In contrast, PODUS
2020 consists of 3 binary variables that can be measured in the clinic with a simple numerical
scoring system that predicts absolute rate of DFU by 2 years.¢ Calculation of the score is simple
and clinically intuitive and provides an average absolute risk estimate for DFU at 2 years for the
different scores (0-4). Since PODUS 2020 predicts DFU development at 2 years, it can be
calculated biennially as opposed to annually. Hence, based on our review, the PODUS 2020
model, referred to by the authors as a CPR, has the most favorable prognostic accuracy and
feasibility characteristics for use in the clinic setting to predict primary or recurrent DFU
development. It is also the only prediction tool that provides an absolute rate of DFU
development at 2years — information that is highly relevant for shared decision-making between
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physicians and patients. We also identified some limitations for PODUS 2020.46 Despite its
simplicity, it will take time to conduct in primary care clinics where patients and clinicians have
competing health care priorities and limited time and resources. The prognostic performance of
PODUS 2020 depends on the ability of clinicians to accurately use a 10 g monofilament to assess
for neuropathy and assess for palpable pedal pulses. Although our evidence review did not
formally conduct a primary literature review of the performance characteristics of the clinically
assessed variables included in PODUS 2020, one study showed sub-optimal validity and
reliability (inter- and intra-rater).** Performance characteristics for these variables (neuropathy
and arterial disease) likely also varies based on clinicians’ specialty and experience. Future
research could formally examine the literature for studies describing the performance
characteristics of these clinically assessed variables or conduct such studies if not done. PAVE
consists of 6 variables which may be time consuming to obtain annually in busy primary care
clinic settings, especially for variables unlikely to change over time: neuropathy or lack of
palpable pulses.

Lastly, all studies of the identified tools, including PODUS 2020, assessed 1-time use of the tool
to predict DFU development or amputation at subsequent time horizons ranging from 1 to 5
years (2 years for PODUS 2020). There were no studies of sequential use of the tools at defined
time intervals to identify how risks for DFU development change over time. Although VA
guidelines recommend re-screening annually for DFU risk using PAVE, the benefit of re-
screening or the appropriate re-screening interval (if re-screened) for DFU risk with any tool is
unknown.

Patients with current DFU often have poor outcomes including amputation. However, we did not
identify any prediction tools for amputation or non-healing in patients with DFU over a specified
time horizon.

We identified 24 SRs addressing orthotics for either DFU prevention or treatment. However,
despite the number of available reviews, a final conclusion as to whether orthotic interventions
are effective or the most effective for prevention or treatment of DFU is uncertain. Interventions
for the prevention and treatment of DFU are overshadowed by the noted lack of patient
adherence to these interventions.!2-32.35:36 Lazzarini et al note that even the best offloading device
will be ineffective if not used.3® Alakahoon et al found lower rates of DFU recurrence among
adherent populations and suggest that investigation into methods to improve adherence may be
warranted.?® The review by Healy at al noted that future research needed to address the issue of
adherence to accurately quantify the impact of removable devices.3® The review by Jarl et al
which captured adherence as a primary outcome found little to no evidence identifying specific
factors that would predict adherence in the diabetic patient population. As adherence is central to
the success of the offloading intervention, the lack of adherence or capture of adherence rates by
primary study authors makes it difficult to assess whether lack of prevention and healing is due
to an inferior intervention or lack of use of intervention.

There is inconsistency across the reviews in regard to whether orthotics or removable therapeutic
footwear is effective in the prevention and treatment of DFU as well as whether orthotics
perform as well as other interventions, such as total contact casts, education, and debridement.
van Netten et al rated certainty of evidence down due to inconsistency in the included RCTs’
findings. Crawford et al similarly found evidence to suggest that orthotic interventions may be
effective but more research is needed to understand which populations would benefit the most.
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Alahakoon et al found that pressure offloading devices were associated with a reduction in the
incidence of DFU; however, the included studies were all deemed moderate or high ROB. The
evidence supporting orthotic interventions for the prevention and treatment of DFU is limited or
inconsistent; similarly, there remains uncertainty as to whether orthotic interventions are more
effective than other interventions for DFU prevention and treatment.

The lack of consensus or consistency in effect measure when comparing orthotics of therapeutic
footwear across the available reviews may be due in part to study heterogeneity. There was
substantial heterogeneity in intervention definition, included populations, and outcomes of
interest across reviews. This heterogeneity was driven in large part by the intervention
definitions and study populations of the included studies, and several review authors noted the
challenges in summarizing the included literature due to this lack of standardization.!!12,2325,29.35
As stated by Bus et al, a persistent obstacle in comparing studies is the lack of standardization
not only in definitions but also in the materials and components of an intervention. The
recommendation by Bus et al that authors provide a detailed description of interventions
included in their studies to aid readers and reviewers in comparing the study findings to available
literature remains relevant.!2

APPLICABILITYTO VETERANS

Among the identified models/tools for prediction of DFU and amputation, only 1 model was
developed in a Veteran population, Boyko et al. Validation of the identified models in primary
care Veteran populations is warranted to ascertain the accuracy of the model in this population.

None of the SRs included for KQ2 and 3 provided information separately for Veterans. While
results are likely to be applicable to Veterans with diabetes, factors related to patient preference
and adherence are important contributors to effectiveness of any therapeutic footwear. Thus, a
better understanding of patient preferences and adherence in Veterans based on factors such as
age, comorbidities, DFU risk (including prior DFU), foot anatomy, ulcer characteristics and
financial co-pays may alter effectiveness and outcomes.

LIMITATIONS

This evidence review has several limitations. The focus of this review was on prediction
tools/models and orthotic interventions for DFU and amputation, and therefore reviews that did
not include either of these interventions were excluded. We also limited results to ulcer
development, healing, and amputation and excluded reduction in plantar pressures. As the
intention of the overview is to provide support for VA policy, outcomes were prioritized to
support that endeavor. As the pathway between plantar pressure reduction and ulcer/amputation
prevention is tenuous, plantar pressure outcomes were not included. An English language
requirement was included and as such may have excluded potentially relevant reviews from the
search strategy. However, there were no geographical limitations or date limiters on the search
strategy. Many of the included systematic reviews included findings from observational studies
which are likely limited by treatment selection and other unmeasured confounders. Many of the
systematic reviews and included studies were deemed at least moderate ROB, thus limiting our
conclusions. Additionally, most systematic reviews found at best low certainty evidence of
effectiveness, especially in those without prior DFU, and almost no information on the
comparative effectiveness within categories of pedorthic/orthotic interventions. Thus, it is not
possible to provide evidence-based recommendations on specific pedorthic/orthotic options to
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have available or provide. Such decisions are likely influenced by patient, clinician, and health
system preferences as well as costs.

FUTURE RESEARCH

All current models/tools that predict DFU development include a history of DFU as a risk factor.
The large majority of individuals seen in primary care clinics do not have a history of DFU and
are likely at much lower risk of developing a DFU or amputation. Thus, future studies should
develop and validate models to predict development of first DFU (ie, screening tool for primary
prevention) and to determine the feasibility and net benefit of conducting annual (or less
frequent) diabetic foot examinations and prognostic tools in all individuals with diabetes. No
data exist to inform how risks for DFU change over time and appropriate re-screening intervals
for any tool. Thus, it is uncertain how often patients with DM should be screened for risk of DFU
or amputation. Frequent screening intervals of 1 year are unlikely to yield better risk
stratification. Risk classification systems (eg, PAVE) can be developed further to predict
absolute rates at specified time horizons (ie, prediction models). Prior to clinical implementation
in the VA, performance characteristics of the individual variables included in the tool and overall
model performance in the Veteran population is necessary. In theory, prediction tools will
identify high-risk individuals for targeted early interventions, which could decrease DFU and
amputation risk. Further research could focus on whether triage decisions based onresults of
prediction tools are clinically effective leading to improved health outcomes, especially in those
without a prior DFU or amputation. Further research is also needed on cost effectiveness and
feasibility of referring all patients judged to be at moderate or higher risk of DFU with low
absolute risk of DFU to podiatrists. Lastly, further research is also needed on how risks for
development of DFU change over time, the incremental benefits and harms of re-screening, and
the appropriate screening interval with the tool under consideration for clinical adoption. Thus,
more research is needed to evaluate the optimal prediction tool in Veterans, the net benefit of
using this model, and the subsequent referral strategies so as to target screening and referral to
individuals most likely to benefit.

Future research is needed to assess the effectiveness and comparative effectiveness of orthotic
and pedorthic therapeutic footwear options across the wide range of adults with diabetes who
have, or are at risk for, DFU. Identifying a “gold standard” for effectiveness (eg, total contact
casting) would permit assessment of the comparative effects of different options. Observational
studies are unlikely to adequately assess comparative effectiveness given selection and
confounding factors between individuals receiving different interventions. Thus, large, long-term
RCTs should be prioritized. Providing more complete information on enrolled individuals
including age, sex, clinical and foot characteristics would aid in understanding to whom the
results pertain. Provision of the intervention, DFU, and outcome characteristics in detail will aid
in comparison, allowing for like products and interventions to be grouped appropriately. Future
research is needed in understanding patient preferences for therapeutic footwear or other
interventions by clinical and foot characteristics as well as patient, caregiver, clinician, and
health system barriers and facilitators to adherence.

CONCLUSIONS

Four well-performing models/tools discriminate the risk of developing primary or recurrent DFU
or amputation in adults with diabetes who are ulcer-free at baseline. A history of prior DFU or
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amputation is a strong predictor for future DFU or amputation in all models. PODUS 2020,
which is a prediction tool, has the most favorable prognostic accuracy and is feasible to use in
the primary care clinic setting. The PODUS 2020 score predicts DFU development over a 2-year
horizon, allowing for an extension of the routine screening interval to 2 years (rather than
annually, which is the current VA practice) and perhaps even less frequently if at all in those
without a prior DFU history. However, PODUS 2020 has not been externally validated in
Veterans. PAVE, the current risk classification tool used in the VA, has no published prognostic
accuracy data. For patients with DFUs, we did not identify prediction tools for amputation or
healing. The effectiveness of interventions implemented in response to prediction scores to
decrease DFU or amputation is unknown.

Therapeutic footwear may prevent recurrent DFU, although evidence is limited and mixed.
Offloading footwear may improve DFU healing; however, there is uncertainty regarding which
device is most useful and for which populations. Total contact casts generally improved DFU
healing compared to controls. Removable cast walkers or removable knee-high walkers may
improve DFU healing. Future research should include investigation into enhancing adherence
among interventions, detailed accounting of the intervention properties, and stratification by
populations to determine the effectiveness of interventions in DFU prevention and treatment.
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