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Abstract

Risk assessments and structured care interventions for
prevention of foot ulceration in diabetes: development
and validation of a prognostic model

Fay Crawford ,1,2* Francesca M Chappell ,3 James Lewsey ,3
Richard Riley ,4 Neil Hawkins ,5 Donald Nicolson ,1 Robert Heggie ,5
Marie Smith ,6 Margaret Horne ,7 Aparna Amanna,1 Angela Martin,8
Saket Gupta ,8 Karen Gray ,1 David Weller ,7 Julie Brittenden 9

and Graham Leese 10

1NHS Fife, R&D Department, Queen Margaret Hospital, Dunfermline, UK
2The Sir James Mackenzie Institute for Early Diagnosis, The School of Medicine, University of
St Andrews, St Andrews, UK

3Neuroimaging Sciences, Centre for Clinical Brain Sciences, University of Edinburgh, Edinburgh, UK
4Research Institute for Primary Care and Health Sciences, Keele University, Keele, UK
5Health Economics and Health Technology Assessment (HEHTA), Institute of Health & Wellbeing,
University of Glasgow, Glasgow, UK

6Library & Knowledge Service, Victoria Hospital, NHS Fife, Kirkcaldy, UK
7Usher Institute, University of Edinburgh, Edinburgh, UK
8Diabetes Centre, Victoria Hospital, NHS Fife, Kirkcaldy, UK
9Institute of Cardiovascular & Medical Sciences, University of Glasgow, Glasgow, UK

10Diabetes and Endocrinology, Ninewells Hospital, NHS Tayside, Dundee, UK

*Corresponding author fay.crawford@nhs.net

Background: Diabetes-related foot ulcers give rise to considerable morbidity, generate a high monetary
cost for health and social care services and precede the majority of diabetes-related lower extremity
amputations. There are many clinical prediction rules in existence to assess risk of foot ulceration but
few have been subject to validation.

Objectives: Our objectives were to produce an evidence-based clinical pathway for risk assessment
and management of the foot in people with diabetes mellitus to estimate cost-effective monitoring
intervals and to perform cost-effectiveness analyses and a value-of-information analysis.

Design: We developed and validated a prognostic model using predictive modelling, calibration and
discrimination techniques. An overview of systematic reviews already completed was followed by a
review of randomised controlled trials of interventions to prevent foot ulceration in diabetes mellitus.
A review of the health economic literature was followed by the construction of an economic model,
an analysis of the transitional probability of moving from one foot risk state to another, an assessment
of cost-effectiveness and a value-of-information analysis.

Interventions: The effects of simple and complex interventions and different monitoring intervals for
the clinical prediction rules were evaluated.
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Main outcome measure: The main outcome was the incidence of foot ulceration. We compared the
new clinical prediction rules in conjunction with the most effective preventative interventions at
different monitoring intervals with a ‘treat-all’ strategy.

Data sources: Data from an electronic health record for 26,154 people with diabetes mellitus in one
Scottish health board were used to estimate the monitoring interval. The Prediction Of Diabetic foot
UlcerationS (PODUS) data set was used to develop and validate the clinical prediction rule.

Review methods: We searched for eligible randomised controlled trials of interventions using search
strategies created for Ovid® (Wolters Kluwer, Alphen aan den Rijn, the Netherlands), MEDLINE,
EMBASE and the Cochrane Central Register of Controlled Trials. Randomised controlled trials in
progress were identified via the International Standard Randomised Controlled Trial Number Registry
and systematic reviews were identified via PROSPERO. Databases were searched from inception to
February 2019.

Results: The clinical prediction rule was found to accurately assess the risk of foot ulceration. Digital
infrared thermometry, complex interventions and therapeutic footwear with offloading devices were
found to be effective in preventing foot ulcers. The risk of developing a foot ulcer did not change over
time for most people. We found that interventions to prevent foot ulceration may be cost-effective
but there is uncertainty about this. Digital infrared thermometry and therapeutic footwear with
offloading devices may be cost-effective when used to treat all people with diabetes mellitus
regardless of their ulcer risk.

Limitations: The threats to the validity of the results in some randomised controlled trials in the
review and the large number of missing data in the electronic health record mean that there is
uncertainty in our estimates.

Conclusions: There is evidence that interventions to prevent foot ulceration are effective but it is not
clear who would benefit most from receiving the interventions. The ulceration risk does not change
over an 8-year period for most people with diabetes mellitus. A change in the monitoring interval from
annually to every 2 years for those at low risk would be acceptable.

Future work recommendations: Improving the completeness of electronic health records and sharing
data would help improve our knowledge about the most clinically effective and cost-effective
approaches to prevent foot ulceration in diabetes mellitus.

Study registration: This study is registered as PROSPERO CRD42016052324.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 24, No. 62. See the NIHR Journals Library website for further project information.
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Plain English summary

People with diabetes sometimes have problems with their feet that can become serious and make
getting around harder and life less enjoyable. We have developed a test based on a simple score

to find out a person’s risk of getting a foot ulcer. We also wanted to know how often the test needs
to be done.

People who have been tested and learn that they might go on to have foot problems rightly expect
to be given treatment that stops the problem happening in the first place. In this project, we read
many written reports about the best treatments to prevent foot ulcers. We found that some things
can prevent foot ulcers, such as wearing special shoes and insoles, taking the temperature of the skin
of the foot and resting when the temperature rises, and receiving specialist care from diabetes foot
care teams. However, we also looked at the costs of the test and treatments and found that some
treatments are better value for money than others.

By using people’s health data from NHS computers, we discovered that very few people with diabetes
develop a worse risk score for foot ulcers as time goes on, and it seems that being tested every year
is not necessary for everyone. New clinical trials might help to improve foot health for people with
diabetes, but if all of the researchers who have collected data from people in clinical trials shared
their data it would be possible to find out more about who will gain most from these treatments
without spending a lot on new research. It is clear that better input of patients’ health data into
NHS computers will benefit diabetes research in the future.
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Scientific summary

Background

Diabetes-related foot ulcers give rise to considerable morbidity, generate a high monetary cost for health
and social care services and are known to precede the majority of diabetes-related lower extremity
amputations. Identifying those at risk of developing a foot ulcer and providing an effective intervention
to prevent these wounds developing has been a long-time goal of many working in the field.

There are many clinical prediction rules in existence to assess the risk of foot ulceration in diabetes
mellitus, but few have been subject to validation. In the UK, two diabetes clinical guidelines make
recommendations about the management of the foot and risk assessment procedures, and preventative
interventions for those found to be at risk. However, the recommendations in these influential documents
are based predominantly on clinical consensus, and robust evidence that routine monitoring reduces the
number of diabetes-related foot ulcers or lower extremity amputations is scarce.

Current clinical guidelines for the management of the diabetic foot from the National Institute for
Health and Care Excellence recommend that people with diabetes mellitus have a foot examination
involving several elements and a vascular assessment with an ankle–brachial pressure index test
every year. For those judged to be at moderate or high risk, monitoring is escalated to 6-monthly
intervals and up to a maximum frequency of once per week. As peripheral neuropathy, the most
common foot complication of diabetes mellitus, is irreversible, these intensive monitoring intervals
are unlikely to positively influence patient outcomes. The recommendations of the diabetes guideline
from the Scottish Intercollegiate Guidelines Network (synonymous with the Scottish Care Information –
Diabetes Collaboration SCI-Diabetes, a computerised decision support tool) include a foot examination
involving five risk factors and advocate the use of some expensive equipment not readily available
outside specialist care settings. The Scottish Intercollegiate Guidelines Network diabetes guideline states
that monitoring should take place at least annually but concedes that the optimal frequency is unknown,
citing evidence from one cohort study in which low-risk patients had a 99.6% (95% confidence interval
99.5% to 99.7%) chance of being ulcer free at 1.7 years.

Both UK national diabetes guidelines (from the Scottish Intercollegiate Guidelines Network and the
National Institute for Health and Care Excellence) advise that patients in higher-risk categories be referred
to a multidisciplinary foot clinic for specialist care, but there is a lack of evidence to show whether or not
these expensive teams of clinicians and resource-intense arrangements result in fewer lesions.

Objectives

The objective was to undertake an evidence-based evaluation of the clinical effectiveness and cost-
effectiveness of the foot ulcer risk assessments and structured care interventions for people with
diabetes mellitus.

Our research questions were:

l What is the estimated clinical effectiveness and cost-effectiveness of the use of a validated clinical
prediction rule as part of structured care to reduce the incidence of diabetes-related foot ulcers?

l What is the likely clinical effectiveness and cost-effectiveness of alternative strategies including
monitoring intervals?

l Is there potential worth in undertaking further research, particularly a randomised controlled trial
of preventative interventions?
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Our research objectives were to produce an evidence clinical pathway by:

l extending (developing) our existing prognostic model into a clinical prediction rule and conducting
its external validation

l undertaking a survival analysis of the time to ulceration and analysing routinely collected data from
people with diabetes mellitus to calculate the transitional probability of an individual moving from
one risk state to another over time to inform the economic model

l conducting a systematic overview of the evidence of preventative effects of interventions for foot
ulceration in diabetes mellitus that have been evaluated in systematic reviews and randomised
controlled trials.

And then:

l combining the evidence from these three objectives in a cost-effectiveness decision model framework
and analyse alternative clinically effective and cost-effective regimens at different monitoring intervals

l performing a value-of-information analysis.

Methods

The clinical prediction rule
Our previous research developed a predictive model with three risk factors for foot ulceration in
diabetes mellitus (inability to feel a 10-g monofilament, absent pulses and history) using data from
16,385 people with diabetes mellitus worldwide. Four studies, two in the community in the UK and
two in hospitals in mainland Europe and the USA, were used to develop the clinical prediction rule.
The outcome was defined as a binary outcome of foot ulceration within 2 years.

We used the prediction model with the three risk factor predictors and the corresponding coefficients
to show how much the log-odds change when monofilaments, pulses or history change from test
negative to test positive and an individual’s estimate change given baseline risk. A random-effects
meta-analysis of the three intercepts from the Prediction Of Diabetic foot UlcerationS (PODUS)
studies with 2 years of follow-up to produce a single average intercept was used. We used this and
the log-odds coefficients for the three predictors to calculate the probability of ulcer for each possible
predictor combination and to produce a clinical prediction rule scoring scheme. Finally, we calculated
the probability of ulcer for each score using a population average method. The clinical prediction rule’s
internal validity was calculated by examining its discrimination and calibration; its external validity was
then assessed in a fifth data set.

The reviews
We searched for eligible systematic reviews and randomised controlled trials of interventions using
search strategies created for Ovid® (Wolters Kluwer, Alphen aan den Rijn, the Netherlands) MEDLINE,
Ovid EMBASE and the Cochrane Central Register of Controlled Trials. Randomised controlled trials in
progress were identified via the International Standard Randomised Controlled Trial Number Registry.

People of any age with a diagnosis of diabetes mellitus, either type 1 or type 2, who participated in
randomised controlled trials of interventions to prevent foot ulceration in diabetes mellitus were eligible
for inclusion. Eligible interventions could be either simple or complex, that is comprising several interacting
components. We included randomised controlled trials that compared the effects of interventions with
those of standard care or active comparators. The primary outcome was incident (new) and recurrent foot
ulcers reported as binary outcomes (present/absent).

One reviewer screened all titles and abstracts to identify potentially relevant systematic reviews
and randomised controlled trials. A second reviewer screened a 10% random sample of the yield.

SCIENTIFIC SUMMARY
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The two reviewers working independently screened the full text of papers, and data were extracted into
review-specific data extraction tools by two reviewers working independently. For the overview we used the
risk of bias in systematic reviews tool to assess the risk of bias, and for randomised controlled trials we used
the items recommended in the Cochrane handbook. [Higgins JPT, Green S. Cochrane Handbook for Systematic
Reviews of Interventions.Version 5.1.0 (updated March 2011). 2018. URL: www.handbook.cochrane.org.]

For the review of randomised controlled trials, we calculated pooled relative risks of effects and 95%
confidence intervals using a frequentist meta-analytical approach with data analysed on an intention-
to-treat basis. Trials were weighted in accordance with the inverse variance method for the dichotomous
primary outcome of the overview: foot ulceration. Heterogeneity was assessed using the I2 statistic.

Economic evaluation
Our economic evaluation was undertaken from the perspective of the UK NHS and Personal Social
Services; that is, the costs relevant to the economic analysis were those incurred by the NHS and
Personal Social Services. Our search returned 15 relevant papers to be reviewed.

We investigated the costs and health outcomes associated with each clinical pathway over a 20-year time
horizon. We created a new conceptual semi-Markov model to visually represent the events that we sought
to capture and how these events relate to costs and quality-adjusted life-year outcomes. To calculate the
monitoring interval for risk assessment, we used data from an electronic health record (Scottish Care
Information – Diabetes Collaboration), which is used in the routine management of NHS patients with
diabetes mellitus in Scotland. Transition probabilities (of moving from one risk category to another) that
are required for the model were then estimated based on a set of parametric survival models.

The project researchers received advice from an independent Study Steering Committee.

Results

The clinical prediction rule
We produced a clinical prediction rule that gives scores from 0 to 4. The study-specific estimates have
a calibration slope of 1 and an intercept of 0, and the model has ideal calibration in the data set in
which it was developed. The discrimination and calibration plots generated by the clinical prediction
rule in the validation data set produced very similar results to those obtained in the internal validation.
The calibration results suggest that calibration is good in low-risk patients, but the clinical prediction
rule can over-estimate risk in high-risk groups.

The reviews
We identified 20 systematic reviews that aimed to evaluate interventions to prevent foot ulceration
in participants with diabetes mellitus. Nine included only randomised controlled trials and 10 included
randomised controlled trials and observational studies. Our separate search for randomised controlled
trials found 22 that met the eligibility criteria. We identified eight separate interventions and evidence of
effectiveness from three. Digital infrared thermometry, complex interventions such as specialist foot
clinics, and therapeutic footwear with offloading devices appear to be effective in preventing foot
ulceration in people with diabetes mellitus.

The pooled effect from trials of digital skin thermometry indicates this to be a potentially promising
preventative intervention that deserves further evaluation in larger trials; however, advising patients
to abstain from all weight-bearing activities when their foot temperature rises by > 4 °C may prove
challenging, and an inability to abstain could diminish any beneficial effects. A benefit from specialist
foot care for those at high risk of ulceration became apparent only in our pooled analysis, and this
effect was not evident in the individual trials. Education by itself appears to be ineffective in reducing
the incidence of foot ulcers, and the small trials of antifungal nail lacquer, elastic stockings and
podiatric care did not show evidence of effect.
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Economic evaluation
Our review of published cost–utility analyses of the prevention of diabetes-related foot ulcer revealed
considerable heterogeneity in the way that the clinical and cost consequences of treatments have been
modelled in the literature, and that risk monitoring frequency has not been considered.

Our cost-effectiveness acceptability curves show considerable uncertainty surrounding which
intervention is most likely to be deemed cost-effective, with no clear strategy producing the greatest
probability at a willingness to pay of £20,000 per quality-adjusted life-year gained. Only in the case of
infrared digital thermometry does the treat-all strategy come out as providing the greatest probability
of cost-effectiveness, although, even for this intervention, the cost-effectiveness acceptability curve
suggests just over 30% probability that this strategy is likely to be the most cost-effective at a
willingness to pay of £20,000 per quality-adjusted life-year.

Our analysis of data from the NHS Fife population who attend foot clinics suggests that patients’
diabetes-related foot ulcer risk does not readily change over time. Despite the significant uncertainty,
our health economic model suggests that preventative diabetes-related foot ulcer interventions have
the potential to be considered cost-effective.

Discussion

For risk assessment programmes to be effective, simple clinical assessment procedures available for
use by health-care staff with varying degrees of skill are needed. The clinical prediction rule developed
and validated by our group is based on only three risk factors, which are cheap, easy to obtain and
accurate in identifying those at risk, especially those at low risk, who constitute the vast majority of
people with diabetes mellitus. Its use in clinical practice could simplify current approaches to risk
assessment, which could reduce the time spent testing, the costs associated with expensive tests
and the time needed to train staff to carry out more complex diagnostic procedures.

To our knowledge, the time interval for foot risk assessments has not been subject to evaluation
before. By using data from the electronic health record of people with diabetes mellitus in one health
board in Scotland, we are able to show that, in the majority of people with diabetes mellitus, foot ulcer
risk status does not change much over time, and a move towards less frequent risk assessment is
indicated for the majority of people. This finding suggests that a move towards less frequent risk
monitoring of patients would be acceptable.

The majority of systematic reviews aiming to identify effective interventions to prevent foot ulceration
did not reach clear, reproducible conclusions about the effect of treatments. As most of the researchers
undertaking these summaries lacked sources of funding, this is possibly unsurprising. The absence of
meta-analyses of data in the systematic reviews may also have contributed to the opacity, and by
pooling data we detected effective interventions for reducing the incidence of foot ulcers.

Trials have shown that the use of digital infrared thermometers can reduce foot ulcers if foot
temperature increase leads to a subsequent reduction in activity; however, assessing the levels of
compliance with advice to rest in the trial populations will be important.

The markedly different effect in the subgroup analyses of data from two trials of footwear and offloading
devices that involved people with no history of ulcers compared with four trials that included only people
with a history of ulceration is interesting. If an agreement to share data among the investigators of trials
of footwear and offloading was reached, comparing outcomes from subgroups of people in trials already
completed or ongoing in an individual patient data meta-analysis could clarify effectiveness without
incurring the high cost of a new trial.
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The failure of individual trials of complex interventions to show beneficial effects until data were
pooled in a meta-analysis supports the opinion of others that trials of specialist foot care in diabetes
mellitus need to recruit very large samples of patients. Education by itself appears to be ineffective in
reducing the incidence of foot ulcers, and the small trials of antifungal nail lacquer, elastic stockings
and podiatric care lacked evidence of effectiveness.

The economic evaluation showed that there is potential for the diabetes-related foot ulcer treatments
identified by the systematic review to be cost-effective but uncertainty in the model parameters and
other elements (e.g. patient acceptability and adherence to interventions) prohibits a strong conclusion.
A better understanding of what constitutes ‘current practice’ in foot care programmes across the UK,
in terms of risk assessment methods (risk factors and how they are assessed), interventions offered
and the level of adherence to clinical guidelines, would be helpful. There is a need for further research
into the effectiveness and acceptability of and adherence to potentially preventative diabetes-related
foot ulcer interventions. Improving the recording of patients’ test results and the number of important
events in the Scottish Care Information – Diabetes Collaboration computerised support tool and in
electronic health records more generally would be of value.

Study registration

This study is registered as PROSPERO CRD42016052324.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 24, No. 62
See the NIHR Journals Library website for further project information.
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Chapter 1 Background

Diabetes-related foot ulcers give rise to considerable morbidity, generate a high monetary cost
for health and care services and are known to precede the majority of diabetes-related lower

extremity amputation (LEA).1,2 Identifying those at risk of developing a foot ulcer and providing an
effective intervention to prevent these wounds developing has been a long-time goal of many working
in the field.

Routinely collected data from Scotland show that the incidence of diabetes-related foot ulceration
(DFU) among people with diabetes mellitus was 4.9% in 2014.3 An estimated prevalence of 2.5% across
the whole of the UK diabetes mellitus population generates an annual economic burden of £300M to
provide community and primary health care for those with the condition.4 The additional cost of LEA
more than doubles this cost to approximately £662M.4 High levels of variation in diabetes-related LEA
between primary care trusts in England have been reported, and one possible explanation for these
differences in patient outcomes might be differences in the delivery of care.5 For those who experience
a DFU, the likelihood of 5-year survival is poor, with mortality estimates of between 25% and 50%
consistently reported over a 20-year period in the UK and in other parts of Europe.6

A reduction in all LEA in Scotland between 2004 and 2008 reached statistical significance only for
those with diabetes mellitus, but the cause of this was unclear.7 Improvements in the recording of
cases of diabetes mellitus may have confounded the data analysis but the effects of large-scale public
health interventions and trends in prescribing may also have contributed. Legislation to ban smoking
in public places was introduced in Scotland in 2006 and led to reductions in the number of admissions
for acute coronary syndrome and the incidence of cerebral infarctions.8 A cohort study using data from
46,864 people with diabetes mellitus and without diabetes mellitus in Spain also found the prescribing
of statins to significantly reduce atherosclerotic cardiovascular disease in those with diabetes mellitus,
but not in the general population.9 Given the direct association between smoking, cardiovascular
disease and LEA, it is possible that amputation rates are influenced more by large-scale public health
interventions and prescribing habits than by interventions focusing on the foot.

Many clinical prediction rules (CPRs) for the assessment of foot ulceration risk in people with diabetes
mellitus are available, but few have been subject to validation.10 In the UK, two clinical guidelines11,12

for diabetes mellitus make recommendations about the management of the foot, and recommend
risk assessment procedures and preventative interventions for those found to be at risk. However, the
recommendations in these influential documents are based predominantly on clinical consensus, and
robust evidence to show that routine monitoring reduces the number of ulcers or LEA is scarce.13

Current clinical guidelines for the management of the diabetic foot from the National Institute for
Health and Care Excellence (NICE) recommend that people with diabetes mellitus undergo an annual
foot examination, involving several elements, and a vascular assessment including measurement of
ankle–brachial pressure index (ABI). For those judged to be at moderate or high risk, monitoring is
escalated to 6-monthly intervals and up to a maximum frequency of once per week.11 As peripheral
neuropathy (the most common foot complication of diabetes mellitus) is irreversible, such frequent
monitoring is unlikely to positively influence patient outcomes. The diabetes guideline from the Scottish
Intercollegiate Guidelines Network (SIGN) [which is synonymous with the Scottish Care Information –
Diabetes Collaboration (SCI-Diabetes), a computerised decision-support tool] recommends a foot
examination assessing five risk factors and advocates the use of some expensive equipment not readily
available outside specialist care settings.12 The SIGN diabetes guideline states that monitoring should
take place at least annually, but concedes that the optimal frequency is unknown, citing evidence from
one cohort study in which low-risk patients had a 99.6% [95% confidence interval (CI) 99.5% to 99.7%]
chance of being ulcer free at 1.7 years after testing.14
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A systematic review (SR) and meta-analysis of individual patient data (IPD) collected worldwide
[Prediction Of Diabetic foot UlcerationS (PODUS)]15 enabled the external validation of a predictive
model involving only three predictors: insensitivity to a 10-g monofilament, absent pedal pulses and
a history of ulceration or LEA. All three predictors are easy and cheap to ascertain and, therefore, likely
to be used in clinical practice. These three predictors also performed well in external validation using an
independent data set; however, the results of the PODUS analyses were expressed as summary odds
ratios (ORs) from a meta-analysis, which do not readily allow clinicians to assess the risk of ulceration
for individual patients. The development of a CPR based on the PODUS analyses was needed and
the development of a simple scoring system to identify patients at higher risk of ulceration is a key
objective of this research. The majority of the 1221 foot ulcers experienced by a group of 16,385
patients occurred 2 years after risk assessment, supporting a recommendation for 2-year monitoring
of those at low risk. What is not clear, however, is how often people who are at moderate or high risk
should be tested.

It is reasonable to expect that, once a person is identified as being at moderate or high risk of foot ulcer,
effective preventative measures will be available. Unfortunately, although both of the UK national
diabetes guidelines advise that patients in the higher-risk categories be referred to a multidisciplinary
foot clinic for specialist care, there is a lack of evidence to show whether or not these expensive teams
of clinicians and resource-intense arrangements result in fewer lesions.16 Furthermore, the nature and
effect of the particular interventions they provide and the best composition of the specialist team are
unclear. Routine risk assessments for bad outcomes without effective preventative interventions might
result only in worried patients; however, an effective CPR might allow diabetic patients at high risk to
be triaged into more effective but more expensive preventative regimens. High-performance monitoring
is more costly; therefore, we need to evaluate the cost-effectiveness of different monitoring frequencies.

It has been suggested that a large, robust randomised controlled trial (RCT) to evaluate the effect of
a CPR used at different monitoring frequencies to underpin a stratified approach is overdue, as is a
thorough concurrent evaluation of the cost-effectiveness of this type of care pathway.17,18 However,
each of the necessary elements of the pathway remains in need of evaluation to ensure the creation of
a truly evidence-based clinical approach. The purpose of this research is to create an evidence-based
clinical pathway to identify those at risk of foot ulceration and provide effective interventions that are
likely to reduce foot ulceration in people with diabetes mellitus.

Given the increased prevalence of diabetes mellitus, such an evidence-based approach could replace
the frequent, detailed foot examinations people with diabetes mellitus currently receive, identify
effective preventative interventions and reduce the large burden of costs on NHS services tasked
with delivering foot care to people with diabetes mellitus.

BACKGROUND
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Chapter 2 Overall research objectives

Aim

We aim to undertake an evidence-based evaluation of the clinical effectiveness and cost-effectiveness
of foot ulcer risk assessments and structured care interventions for people with diabetes mellitus.

Research questions

i. What is the estimated clinical effectiveness and cost-effectiveness of a validated CPR as part of
structured care to reduce the incidence of DFU?

ii. What is the likely clinical effectiveness and cost-effectiveness of alternative strategies, including
monitoring intervals?

iii. Is there worth in undertaking further research, particularly a RCT?

Objectives

Our research objectives are to produce an evidence clinical pathway by:

l extending (developing) our existing prognostic model into a CPR and conducting its
external validation

l undertaking a survival analysis of the time to ulceration to inform the economic model
l conducting an overview of SRs to identify the effects and costs of available interventions (simple

interventions such as pressure-relieving insoles and complex interventions such as specialist foot
care teams)

l combining the evidence from research questions (i), (ii) and (iii) in a cost-effectiveness decision
model framework and analysing alternative clinical and cost-effective regimens at different
monitoring intervals

l carrying out a value-of-information analysis.
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Chapter 3 Clinical prediction rule:
PODUS data

Introduction

A CPR is a way of presenting a statistical model that facilitates predictions that inform clinical decision-
making. Statistical models can be unwieldy; they may have many predictors or predictors requiring
transformation from their original scale, which can be off-putting to end-users and increase the scope
for human error. In addition, the type of statistical model that is used for prediction is generally either
a logistic regression model or a Cox proportional hazards model. These two models can be used to
investigate the relationship between predictors and a binary or a categorical outcome (logistic
regression) or the time until a binary outcome occurs (Cox proportional hazards model). Both types
of statistical model require the use of a calculator, or similar, to make a prediction for an individual
patient, as the estimate requires taking an exponential.

This chapter describes how we developed a statistical model for the prediction of DFU, used this
model to create a simple-to-use CPR and validated the CPR in a data set not used in the development
phase. We used the Transparent Reporting of a multivariable prediction model for Individual Prognosis
Or Diagnosis (TRIPOD) statement as a framework for reporting (see Appendix 3, Table 41).19

Clinical prediction rules can be presented simply as a regression equation, a nomogram or a scoring
system; other formats are also possible. Whichever format is chosen, it should be remembered that
the CPR is only as good as its underlying statistical model; therefore, the methodological requirements
for good practice when building and validating a statistical model apply equally to CPRs. In addition,
the presentation of a CPR can affect its acceptability to end-users. Our aim was to produce a CPR
that does not require a calculator and is simple enough to be of very little burden in a busy clinic.

The benefit of a CPR is based not only on ease of use, but also, for example, on whether or not it
provides useful information not otherwise available: will it improve patient outcomes and are there
other ways to predict foot ulcer? The burden and sequelae of DFU to patients and the NHS are
immense, so there is enormous interest in predicting which patients will develop ulceration. Therefore,
it is unsurprising that we are not the first to attempt to make the prediction of ulcer easier for health
professionals working directly with patients. This project, PODUS 2020, is a development of the work
conducted in PODUS 2015, a SR and meta-analysis of IPD,15 in which we used the PODUS data sets to
calculate ORs to quantify the association between risk categories, based on the recommendations of
the International Working Group on Diabetic Foot (IWGDF), NICE and SIGN, and foot ulcer, as these
are the guidelines likely to be used in the UK. The guidelines did not produce ORs that were significantly
different from those obtained using insensitivity to monofilament only. Our final PODUS 2020 prediction
model is simpler than current guidelines as it has only three predictors; it also includes insensitivity
to monofilament. We knew, therefore, that we could use the PODUS data to develop and validate a
simpler CPR that could perform at least as well as existing guidelines.

Methods

Source of data
The data for PODUS 2020 came from a previous research project, PODUS 2015 (see Appendix 3), published
in the National Institute for Health Research (NIHR) Health Technology Assessment journal.15 PODUS 2015
obtained eight studies and had access to another two identified from an IPD SR. Eight studies contributed
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data to PODUS 2015.20–27 Access to a ninth study28 was available via a Safe Haven facility; a 10th study29

was not directly available but the PODUS 2015 team could request results of analyses from the data set.
After the publication of PODUS 2015, we re-ran the searches to identify new studies and found only
one that met the inclusion criteria. Unfortunately, the authors of that study did not respond to requests
to share their data.30 The search strategy to find studies was last run in June 2017 for MEDLINE and in
August 2017 for EMBASE, and was published as appendix 3 of the PODUS 2015 Health Technology
Assessment journal publication.

Inclusion criteria for development and validation studies
Studies could be included in PODUS 2015 if patients had diabetes mellitus, predictors had been assessed at
recruitment, foot ulcer status was assessed at follow-up and the study had recruited at least 100 patients.
In addition, for a study to be included in PODUS 2020 development data sets, we required that it collected
data on insensitivity to a 10-g monofilament, presence/absence of pedal pulses, history of ulceration or
amputation, and the time period in which the ulcer occurs. As we planned to conduct a one-step meta-
analysis at the development stage, we needed to merge all of the development data sets, and so required
them to be stored on the same server. These criteria reduced the number of eligible development studies
to four.20,21,24,25 Four studies did not provide data on sensitivity to monofilaments and/or the presence or
absence of a pedal pulse,22,23,26,27 and the access arrangements for the Leese et al.28 and Boyko et al.29 data
sets meant that they could not be stored on the same server as those of the other studies. The Boyko et al.29

data set had been used for validation in PODUS 2015, but included a very small proportion of women
(< 2%). We therefore decided to use the Leese et al.28 data set for validation of the CPR.

We had no date restriction on studies. Recruitment dates ranged from 1 May 1995 to 10 November
2007 in the development data sets, and the final follow-up date was 5 December 2008. In the Leese
et al.28 validation data set, recruitment dates ranged from 28 January 2001 to 8 December 2006 and
the final follow-up date was 2007.

Critical appraisal of contributing studies
We used the Prediction model Risk Of Bias ASsessment Tool (PROBAST) tool to critically appraise the
four validation studies and the external validation study.31 This was not used for PODUS 2015 because
PODUS 2015 predated the publication of the PROBAST tool.

Participants
The four studies for development in PODUS 2020 comprised two studies set in the community in the
UK and two hospital-based studies: one in mainland Europe and one in the USA. All studies recruited a
consecutive sample. The Leese et al.28 data set used for validation is from another community-set study
in the UK. The inclusion criteria for the data to be collected from each patient were as described in
Inclusion criteria for development and validation studies; however, we also stipulated for both PODUS 2015
and PODUS 2020 that patients had to be aged � 18 years and ulcer free at the time of recruitment.
This meant that we had to remove from the analysis data set a small proportion of patients in some
studies who had an ulcer at the time of recruitment. All studies were observational, and patients received
the standard care in that setting.

Outcome
In PODUS 2020 we defined a binary outcome of presence or absence of foot ulceration within 2 years.
Ulceration status was assessed by podiatrists (persons who diagnose and treat foot ailments; also known
as chiropodists) or self-report questionnaires. We chose 2 years as the time interval as it is sufficient for
an at-risk patient to develop an ulcer, it is clinically meaningful and it allowed us to use the largest study20

(> 6000 patients) that had defined the outcome as development of an ulcer by 2 years. The other three
development data sets21,24,25 included either date of ulceration or time to ulceration, and, therefore,
the data could be recoded to match the largest data set. However, we note that the planned length of
follow-up in the Crawford et al.21 data set was only 1 year, and this was accounted for in our analyses.
Assessment of outcome was, where possible, blinded to test results in three of the four development
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studies, but not in the Monteiro-Soares and Dinis-Ribeiro24 and Leese et al.28 validation study. It is,
of course, not possible to blind podiatrists to previous amputations. As time to ulceration is also of
interest, we conducted a survival analyses with the three studies with time-to-event data and present
the results in Appendix 3.

Selection of predictors in PODUS 2020
In PODUS 2015, six predictors were selected from a potential candidate list of 22: age, sex, body mass
index, smoking, height, weight, alcohol intake, glycated haemoglobin (HbA1c), insulin regime, duration of
diabetes mellitus, eye problems, kidney problems, insensitivity to a 10-g monofilament, absence of pedal
pulses, tuning fork, biothesiometer, ankle reflexes, ABI, peak plantar pressure, prior ulcer, prior amputation
and foot deformity. Predictors were chosen for clinical plausibility, availability in at least three studies
and lack of clinical heterogeneity. Statistical criteria such as small p-values were not used. Six variables
were chosen for inclusion in the primary model in PODUS 2015: age, sex, duration of diabetes mellitus,
insensitivity to a 10-g monofilament, absence of pedal pulses and prior ulcer or amputation. The analysis
was a two-step meta-analysis. In each data set we fitted a logistic regression model with the six predictors,
which gave us adjusted estimates for each predictor. We conducted a meta-analysis for each predictor
using the generic inverse method.32 We had used a two-step method so that we could include, in the
second stage, aggregate data (i.e. log-odds ratios and their variances) derived from the Leese et al.28

data set with > 3000 patients. The Leese et al.28 data set was housed on a different server and so could
not be used in a one-step meta-analysis, although this is the preference of some methodologists.33

We tested these six predictors in the 10th, externally held data set,29 which had 1489 people and 229
ulcer outcomes. We considered the PODUS 2015 results to be replicated in the external data set if the
predictor achieved statistical significance, if its effect was in the same direction as the PODUS 2015
estimate and if its CIs overlapped. The predictors that survived this process were insensitivity to a 10-g
monofilament, absence of pedal pulses and prior ulcer or amputation.

For the CPR, we decided not to use the three predictors that were not replicated in the Boyko et al.29

data set: age, sex and duration of diabetes mellitus. Age and duration of diabetes mellitus are credible
predictors of any diabetic complication, including foot ulcer. They are also continuous, which means
that, in theory, they could be used to generate more precise risk estimates than categorical predictors;
however, their inclusion in the CPR would require a calculator, or similar, to estimate risk. CPRs are
a form of clinical decision support system that tend not to be used unless they are integrated into
the existing workflow.34 The project did not have access to resources to support a website, or similar,
that would calculate risk for health professionals or embed the CPR into NHS information technology
systems. However, we could use three binary predictors that were replicated to produce a simple
CPR that can be paper based and does not require any calculation from the users to implement.
Practicalities as well as the lack of replication in the Boyko et al.29 data set were reasons to drop age
and duration of diabetes mellitus from our CPR model; however, we understand that some individuals
will be interested in the six predictor model, and the results from this model are in Appendix 3 and make
direct comparisons with the three-predictor model. We also investigated possible reasons why age and
duration of diabetes mellitus did not reach statistical significance or were not replicated predictors in the
Boyko et al.29 data set. For simplicity, we also chose not to use the category sex as a predictor. Discussion
with potential users of the CPR showed that they were very much in favour of a simpler model.

Definition of the PODUS 2020 predictors
We decided to use the three replicated predictors only (i.e. monofilaments, pulses and history) in the
CPR. These three binary predictors were measured at the initial assessment of each patient in each
study. In detail, the predictors are:

l Insensitivity to a 10-g monofilament at any site on either foot was defined as test positive. This test is
carried out by podiatrists. The podiatrist touches the sole of the patient’s foot with a monofilament
and the patient states whether or not he or she felt it.
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l In general, there are two pulses tested in each foot: the dorsalis pedis and the posterior tibial
pulses. We defined absence of either pulse on either foot as test positive, although it is known that
the dorsalis pedis pulse is missing in some healthy individuals.35

l History of ulceration or amputation was ascertained either at initial assessment or from patient
records. Patients were considered test positive for history if they had experienced either ulcer
or amputation.

As predictors were measured before outcome in three of the four development studies, the measurement
of predictors was blind to outcome. However, assessment of predictors blind to other predictors generally
did not occur and would not always be possible; for example, toe amputation would be apparent to any
podiatrist assessing monofilaments or pulses.

As in PODUS 2015, we chose to use patient rather than foot as the unit of analysis. The three binary
predictors are defined as above, as this was the only way to have a consistent definition in all four
development data sets; for example, Crawford et al.21 recorded the presence or absence of each of
the four foot pulses, whereas Abbott et al.20 recorded the number of foot pulses per person (0–4).
The outcome was binary and was defined as the occurrence or not of ulcer by 2 years.

In the PODUS 2015 publication, there is an extensive examination of differences and similarities
between the studies as sources of heterogeneity.15 We repeat some of those analyses here to provide
a description of the contributing data sets, with emphasis on the predictors chosen for PODUS 2020.

Sample size considerations
Sample size calculations are generally not carried out for meta-analyses conducted as part of a SR,
as the aim is to use not an acceptable minimum but all of the available data. Post hoc sample size
calculations are problematic and not recommended by statisticians, and so we did not conduct any.36

The development data sets have a total of 8255 people with 430 ulcer outcomes, giving 143 events
per variable. This is well above the often-cited rule of thumb of 10 events per variable.37

Statistical models can often give overly optimistic results if the data from which they were derived
come from small data sets, if data-driven methods are used to select variables or if too many variables
are used. A way of compensating for optimistic results is to use a shrinkage factor:38 a number < 1 by
which the coefficients are multiplied. All of the shrinkage factors that we calculated during the model
development phase were > 0.9999, which would have resulted in negligible changes, so we did not
use shrinkage factors. Shrinkage factors are affected by sample size and complexity of model but our
model is simple and our sample size (events) is large relative to the number of included predictors.

The external validation data set had 3324 patients and 128 ulcer outcomes, meeting the
recommendation of at least 100 events and 100 non-events to investigate model performance.39

Missing data
To account for missing data, we would have considered multiple imputation if we thought that data
were likely to be missing at random (MAR).40 However, the proportion of missing data was very small
(0–3% in the development data sets and < 2% in the largest data set of > 6000 patients) and so the
results of any imputation exercise would not have made any notable difference to our results; therefore,
we analysed the data using complete cases only, that is, patients for whom data on monofilaments,
pulses, history and ulcer outcomes at 2 years were available.

One reason why outcome information at 2 years might be missing is death of the patient before 2 years.
However, death was not consistently recorded across the data sets; for example, in the development
studies, the largest study had recorded only one death in 2 years and another did not record deaths at
all. The other two development studies were more systematic about including death data. Overall, the
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proportion of patients recorded as having died was 2%. If a patient had died, but had all information on
predictors and outcome, that person was included in our analyses.

Some patients had missing data on previous amputation or ulcer history. However, the clinical context in
which these data were collected means that it is very important to record when ulcers and amputations
have occurred; therefore, the data were not MAR and are far more likely to be missing if the patients did
not have previous ulcers and did not have amputations. Patients who were missing ulcer or amputation
history were, therefore, recoded as test negative for these two items. The numbers of patients whose
data were recoded are given in each study’s flow chart (Figures 1–4).

Patients recruited
(n = 6603)

Patients missing
monof ilaments

(n = 125)

Patients with
monofilament 

test results
(n = 6478)

Patients with
pulses

(n = 6478 recorded)

Patients with both
amputation and

ulcer history
(n = 6417)

Patients with either
amputation or
ulcer history

(n = 38)

Patients with neither
amputation nor

ulcer history
(n = 23)

Patients with ulcer
outcome data

(n = 6478)

FIGURE 1 Flow of patients in the Abbott et al.20 data set. All patients had 2-year ulcer outcome recorded. Not all
patients are shown at each stage.

Patients recruited
(n = 1193)

Patients missing
 monof ilament

(n = 13)

Patients with
monofilament 

test results
(n = 1180) Patients with

ulcer outcome data
(n = 1180)

Patients with time to ulcer/
end of follow-up

(n = 1175)

Patients missing time to ulcer/
end of follow-up

(n = 5)

Patients with
pulses recorded

(n = 1180)

Patients with both ulcer
and amputation history

(n = 1180)

FIGURE 2 Flow of patients in the Crawford et al.21 data set. Not all patients are shown at each stage.
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Length of follow-up in the Crawford et al.21 data set
The PODUS 2020 outcome variable is ulcer occurrence by 2 years, and we knew that the Crawford et al.21

study had prespecified the follow-up period to be 12 months. We received ethics approval from the
Scotland A Research Ethics Committee (reference 16/SS/0213: Integrated Research Approval System
project ID 97542), Caldicott approval from NHS Tayside (reference IGTCAL3842) and NHS Tayside
approval (reference 2017DM03, NHS Research Scotland reference NRS17/9754) for permission to
contact the participants in the study by Crawford et al.21 to ask if they would consent to include longer-
term data in PODUS 2020, some of which were stored on paper records. Despite all these efforts,
follow-up data were obtained from only 42% of the original sample (see Appendix 3, Figure 33). Efforts
were hampered by the non-retention of patient records for more than 8 years post death, patients being
uncontactable and patients who did not consent. The PODUS 2020 Steering Committee discussed this
issue and recommended that the data should not be used for the current project.

Patients recruited
(n = 248)

Patients missing
monof ilaments

(n = 3)

Patients with
monofilament 

test results
(n = 245) Patients with

ulcer outcome data
(n = 245)

Patients with time to ulcer/
end of follow-up

(n = 242)

Patients missing time to ulcer/
end of follow-up

(n = 3)

Patients with
pulses recorded

(n = 245)

Patients with both ulcer
and amputation history

and one with amputation
history only

(n = 244)

FIGURE 3 Flow of patients in the Pham et al.25 study. Not all patients are shown at each stage.

Patients recruited
(n = 3412)

Patients missing
monof ilaments

(n = 2)

Patients with
monofilament 

test results
(n = 3410) Patients with

ulcer outcome data
(n = 3336)

Patients with time to ulcer/
end of follow-up

(n = 3324)

Patients missing time to ulcer/
end of follow-up

(n = 12)

Patients with
pulses recorded

(n = 3336)

Patients with history
(n = 3336)

Patients with ulcer history
(n = 3336)

Patients with amputation history
(n = 3221)

FIGURE 4 Flow of patients in the Leese et al.28 study. Not all patients are shown at each stage.
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Analysis

Statistical analysis methods: choice of model
Given a binary outcome, the obvious method of analysis is logistic regression. Although other methods
are available, we chose to base the CPR on a logistic regression model because this model is simple to
implement and acceptable to the medical community, and the methods for assessing its performance are
well developed. The selection of predictors was described in Definition of the PODUS 2020 predictors.
We did not consider adding any interaction terms as these often do not improve the predictive ability
of the model19 and would have made the CPR more complex.

As the data came from four studies, we used logistic regression with a separate intercept for each study
to allow for clustering of participants within studies and to allow for between-study variation in baseline
risk. This was especially important because of the inclusion of the Crawford et al.21 study, which had a
follow-up duration of only 1 year, compared with 2 years in the other three studies. Although ORs of
included predictors were similar in studies with 1- and 2-year’ follow-up, the baseline risk was not
comparable, as it was higher in those studies with 2-year’ follow-up because of the longer time period.

For defining the intercept for our final CPR based on this logistic regression model, we chose a weighted
average of the intercept estimates from the three studies with 2-year follow-up. This weighted average was
obtained by using a random-effects meta-analysis of the three intercepts, and fitting using the DerSimonian
and Laird method, which allows for both within-study variability (i.e. variance of intercept estimates) and
between-study heterogeneity (i.e. genuine differences in baseline risk across studies beyond chance) (see
Appendix 3, Figure 42). Therefore, the intercept in our final CPR model was not based on the Crawford et al.21

study (because of its 1-year follow-up), but predictor effects were based on the four developmental studies.

Statistical analysis methods: transformation of the logistic regression model into a clinical
prediction rule
We adapted the method described by Steyerberg41 to generate a CPR from our logistic regression
analyses. In brief, Steyerberg’s method is (1) multiply and round regression coefficients, (2) search
scores for continuous predictors, (3) estimate the multiplication factor for the scores and (4) estimate
the intercept and present a score chart. We omitted the second step because we had no continuous
predictors and the third because our multiplication factor was 1. Steyerberg’s method could be applied
to many different kinds of statistical model. We made a further modification to allow for the effect of
the non-linear logit function used in logistic regression.

The outcome variable in binary logistic regression is the natural logarithm of the odds, or log-odds,
of the binary event occurring:

log-odds = intercept + �1x1 + �2x2 + . . ., (1)

where �s are log-odds ratios and the xs are the predictors. The intercept is the log-odds of the outcome
occurring when all the predictors are zero. The probability of the outcome occurring can be calculated
from the log-odds. For each unit change in x, the log-odds will increase by the corresponding � (a fixed
amount), but the effect on the probability of outcome is not fixed because of the non-linear nature of
the log-odds; for example, if the log-odds is 1.3, the corresponding probability is 78.6%. If the log-odds
increases by 0.5 to 1.8, the probability becomes 85.8%, an increase in probability of 7.2%. If the log-odds
is 2.3 and it is increased again by 0.5 to 2.8, the probability changes from 90.9% to 94.3%, an increase
in probability of 3.4%, less than half the change before. The same change in log-odds does not mean
the same change in probability given different values of initial log-odds; therefore, when considering
the transformation of the logistic regression model into a simpler CPR, we also took account of the
probabilities that would result from the scoring system as well as the size of the coefficients. This
process was greatly simplified by having only three binary predictors. The number of possible predictor
combinations is only eight, and it is not onerous to calculate the probability of ulcer for each combination.
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To be explicit, our method was as follows:

1. Fit the logistic regression model with the three risk factor predictors (monofilament, pulses and
history) and study. This gives coefficients showing the extent to which the log-odds change for
patients who have a test-positive result for monofilaments, pulses or history in comparison with
lower-risk test-negative patients. There are also individual estimates for the intercept for each study.
The intercept is the baseline risk of ulcer on the log-odds scale. We used SAS® PROC LOGISTIC
(SAS Institute Inc., Cary, NC, USA; SAS and all other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute Inc. in the US and other countries. ® indicates
USA registration) with maximum likelihood estimation.

2. Conduct a random-effects meta-analysis of the three intercepts from the studies with 2-year
follow-up to get a single average intercept.

3. Use this average intercept and the log-odds coefficients for the three predictors to calculate the
probability of ulcer for each possible predictor combination; as there are three binary predictors,
there are eight combinations.

4. Multiply and round the coefficients of the predictors to get a CPR scoring scheme, bearing in mind
that we wanted predictor combinations with similar probabilities of ulcer to have the same score.

5. Repeat step 1 and step 2 using only the CPR score instead of monofilaments, pulses and history.
6. Calculate the probability of ulcer for each score using a population average method.

In the case of a patient who has already contributed to one of the four development data sets, the
most accurate estimate of baseline risk will be the appropriate study-specific intercept. A common
way to estimate baseline risk for patients not recruited to the development data sets is simply to use
the average intercept; however, our preference is to use the population average intercept method
described by Pavlou et al.42 to get estimates of ulcer risk that are applicable to patients in new studies.

Validation of the clinical prediction rule
We assessed the internal validity of the CPR by examining its discrimination and calibration.
Discrimination addresses how well the model’s predicted risks discriminate between those who will
and those who will not develop an ulcer, and the calibration of how well the estimated risk matches
the actual risk of ulceration. We used receiver operating characteristic (ROC) plots and the area under
the ROC curve as a statistic of discrimination; the latter is also known as a c-statistic. We assessed
calibration with calibration plots, estimation of the calibration slope, and calibration in the large.
We assessed the external validity of the CPR in the Leese et al.28 data set again by examining the
discrimination and calibration in the same way. For the validity analyses, we used the probability of
ulcer as estimated by the CPR score and compared it with actual ulcer outcome at 2 years.

Other methods of assessing model performance in terms of clinical benefit are available, such as net
benefit and decision curves, but we also noted that the performance of the CPR would be addressed
using a health economic model.

Using discrimination and calibration statistics in both the development data sets and the Leese et al.28

validation data set aids comparison of the internal and external validity of the CPR. Exploratory analyses
of all the data sets and investigation of heterogeneity was part of PODUS 2015. Hence we knew that
the Leese et al.28 data set was broadly similar to the other data sets. In fact, there was an overlap of
patients recruited to the Crawford et al.21 and Leese et al.28 data sets, and so we had to remove some
patients from the Leese data set to avoid duplication of data. Relevant tables are in Results.

We have also included a net benefit graph to assess potential clinical impact.43 All analyses were conducted
with SAS 9.4 [URL: www.sas.com (accessed 19 February 2019)] and R 3.4.2 [URL: https://cran.r-project.org/
(accessed 19 February 2019)]. The pROC,44 meta32 and rms45 packages in R statistical software (The R
Foundation for Statistical Computing, Vienna, Austria) were used.
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Results

Description of the individual studies
The quality of the cohort studies used to create the PODUS CPR is detailed in Table 1.31

The flow of patients in the Abbott et al.20 data set is shown in Figure 1. The 38 patients with a history
of amputation or ulcer and the 23 patients with a history of neither were coded accordingly. Thus, the
number of complete cases was 6417 (97%) when recoded ulcer and amputation history was excluded
and 6478 (98%) when it was included. One death was recorded in the study, but this patient was also
missing pulses and so could not have been included in the development data set.

The number of complete cases in the Crawford et al.21 data set was 1175 (98.5%), as 18 patients were
dropped from the analysis because information on monofilament sensitivity was absent and a further
five were dropped because no follow-up time was provided and so ulcer occurrence by 2 years could
not be calculated. There were 59 deaths in total in the Crawford et al.21 data set.

All of the variables required by the CPR were fully recorded in the Monteiro-Soares and Dinis-Ribeiro24

(n = 360) study and so we did not create a flow diagram. As the study setting was secondary care, these
data are likely to be accurate. Some other data were missing in the Monteiro-Soares and Dinis-Ribeiro24

study, for example 189 (53%) patients were missing vibration perception threshold (VPT) data, but these
were not required for the CPR. Deaths were not recorded.

In the Pham et al.25 study, the number of complete cases was 242 (97.6%). Three patients were missing
a monofilament measurement and three had no time to ulcer/end of follow-up. One patient with
a negative amputation history but no ulcer history was coded as negative for history. There were
13 deaths in the Pham et al.25 study.

The total number of patients in the development data sets was 8404 and the total number who
contributed to the analyses was 8255, an overall rate of complete data of 98%.

Among the Leese et al.28 data set, 295 patients were removed from the analysis as they were included
in the Crawford et al.21 data set. The Crawford et al.21 and Leese et al.28 studies recruited in a similar
time period in overlapping geographical areas; however, we used the Scottish NHS patient identifier,
the Community Health Index number46 (URL: www.ndc.scot.nhs.uk/Dictionary-A-Z/Definitions/index.
asp?ID=128%26Title=CHI%20Number), to remove Crawford et al.21 patients from the Leese et al.28

data set. This reduced the size of the Leese et al.28 data set from 3707 to 3412 patients.

TABLE 1 The risk-of-bias results for the PODUS studies

First author
and year of
publication

Risk of bias Applicability Overall

Participants Predictors Outcome Participants Predictors Outcome
Risk of
bias Applicability

Abbott 200220 + + + + + + + +

Crawford 201121 + + + + + + + +

Monteiro-Soares
201024

+ + + + + + + +

Pham 200025 + + + + + + + +

Leese 201128 + + – + + + – +

+, yes; –, no.
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The percentage of complete cases in the Leese et al.28 data set was 97.4%; again, we considered this
high enough not to require multiple imputation. During the follow-up period, 95 patients died.

We calculated summary statistics for all the predictors considered for the primary analysis of PODUS 2015,
while noting that there is an extensive description of all the data sets in the PODUS 2015 publication.15

Summary statistics for age, duration of diabetes mellitus, sex, length of follow-up, sensitivity to
monofilaments, absent pulses, history of amputation or ulceration and the results of outcomes (ulcer)
are in Tables 2–9.

Although the Leese et al.28 study recorded patients’ test dates, in the case of occurrence only the year
was recorded. Therefore, for this data set, we recorded an ulcer as having occurred within 2 years if
one was recorded within 2 years of the year that the patient was first seen. This is not a precise way of
coding ulcer outcome by 2 years, but it allowed us to use the data set. Ulcer outcomes were recorded
from 2001 to 2007; the median year of occurrence was 2005.

TABLE 2 Summary statistics for age for each development study, all of the development data sets and the Leese et al.28

validation data set

First author and year of
publication Recorded (n) Missing (n)

Age (years)

Mean SD Median Minimum Maximum

Abbott 200220 6572 31 61.3 13.2 63 18 95

Crawford 201121 1193 0 70.5 10 72 22 94

Monteiro-Soares 201024 360 0 64.3 10.4 65 22 90

Pham 200025 247 1 58.3 12.5 58 20 83

All development data sets 8372 32 62.7 13.1 64 18 95

Leese 201128 3412 0 65.1 13.1 67 19 101

SD, standard deviation.

TABLE 3 Summary statistics for known duration of diabetes mellitus (years) for each development study, all of the
development data sets and the Leese et al.28 validation data set

First author and year of
publication Recorded (n) Missing (n)

Duration of diabetes (years)

Mean SD Median Minimum Maximum

Abbott 200220 6570 33 8.2 8.2 5 0 60

Crawford 201121 1191 2 8.8 8.4 6 0 63

Monteiro-Soares 201024 360 0 15.8 10.4 15 1 45

Pham 200025 247 1 13.9 10.8 12 0 54

All development data sets 8368 36 8.8 8.6 6 0 63

Leese 201128 3402 10 6.8 7.8 4 0 58

SD, standard deviation.
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TABLE 4 Summary statistics for sex for each development study, all of the development data sets and the Leese et al.28

validation data set

First author and year of
publication

Missing Men Women

Total (N)n % n % n %

Abbott 200220 1 0.02 3515 35.2 3087 46.8 6603

Crawford 201128 0 0 611 51.2 582 48.8 1193

Monteiro-Soares 201024 0 0 164 45.6 196 54.4 360

Pham 200025 0 0 124 50.0 124 50.0 248

All development data sets 1 0.0 4414 52.5 3989 47.5 8404

Leese 201128 0 0 1931 56.6 1481 43.4 3412

TABLE 5 Summary statistics for length of follow-up (months) for each development study and all of the development
data sets

First author and year of
publication

Recorded
(n)

Missing
(n) Mean SD Median Minimum Maximum

Abbott 200220 6603 0 24 0 24 24 24

Crawford 201128 1188 5 11.2 2.8 12 0 29

Monteiro-Soares 201024 360 0 30.8 22.2 25 3 86

Pham 200025 244 4 24.4 11.2 24 0 40

All development data sets 8395 9 22.5 7 24 0 86

SD, standard deviation.
Either time to ulcer or, if no ulcer occurred, time to when patient was last followed up and known to be ulcer free.
Note that these numbers may not match the flow charts as this table includes patients with missing data on other
predictors. Leese et al.28 is not included as the date of ulcer was recorded only as a year.

TABLE 6 Summary statistics for sensitivity/insensitivity to 1-g monofilament testing for each development study, all of
the development data sets and the Leese et al.28 validation data set

First author and year of
publication

Missing Sensitive Insensitive

Total (N)n % n % n %

Abbott 200220 125 1.89 5200 78.8 1278 19.4 6603

Crawford 201128 13 1.09 914 76.6 266 22.3 1193

Monteiro-Soares 201024 0 0 194 53.9 166 46.1 360

Pham 200025 3 1.21 60 24.2 185 74.6 248

All development data sets 141 1.68 6368 75.8 1895 22.5 8404

Leese 201128 2 0.06 2703 79.2 707 20.7 3412
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TABLE 7 Summary statistics for pulses testing for each development study, all of the development data sets and the
Leese et al.28 validation data set

First author and year of
publication

Missing Present Absent

Total (N)n % n % n %

Abbott 200220 3 0.05 4643 70.4 1957 29.7 6603

Crawford 201128 0 0 969 81.2 224 18.8 1193

Monteiro-Soares 201024 0 0 287 79.7 73 20.3 360

Pham 200025 2 0.81 210 85.4 36 14.6 248

All development data sets 5 0.06 6109 72.7 2290 27.2 8404

Leese 201128 76 2.23 2858 83.8 478 14.0 3412

‘Present’ indicates all four pulses are present and ‘absent’ indicates that at least one is absent. Note that these numbers
may not match the flow charts as this table includes patients with missing data on other predictors.

TABLE 8 Summary statistics for history of amputation or ulceration for each development study, all of the development
data sets and the Leese et al.28 validation data set

First author and year of
publication

No history History

Total (N)n % n %

Abbott 200220 6291 95.3 312 4.7 6603

Crawford 201128 1107 92.8 86 7.2 1193

Monteiro-Soares 201024 223 61.9 137 38.1 360

Pham 200025 71 28.6 177 71.4 248

All development data sets 7692 91.5 712 8.5 8404

Leese 201128 3216 94.3 196 5.7 3412

Note that missing results were coded as test-negative. Note that these numbers may not match the flow charts as this
table includes patients with missing data on other predictors.

TABLE 9 Summary statistics for results for ulcer outcome by 2 years for each development study, all of the development
data sets and the Leese et al.28 validation data set

First author and year of
publication

Missing No ulcer Ulcer

Total (N)n % n % n %

Abbott 200220 0 0 6312 95.6 291 4.4 6603

Crawford 201128 5 0.42 1165 97.7 23 1.9 1193

Monteiro-Soares 201024 0 0 308 85.6 52 14.4 360

Pham 200025 4 1.61 175 70.6 69 27.8 248

All development data sets 9 0.11 7960 94.7 435 5.2 8404

Leese 201128 0 0 3279 96.1 133 3.9 3412

Note that these numbers may not match the flow charts as this table includes patients with missing data on
other predictors.
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From the coding detailed above, the total number of patients from the development data sets used
in the logistic regression model underlying the CPR was 8255 (98%), of whom 430 had ulcer-positive
outcomes and 7825 had ulcer-negative outcomes at 2 years. In the Leese et al.28 validation data set
3324 patients had suitable data, of whom 128 had an ulcer by 2 years and 3196 did not. We did not
compute unadjusted ORs for the predictor and outcome, as this work had already been done as part
of PODUS 2015.15

Development and testing of the clinical prediction rule: initial logistic
regression model and random-effects meta-analysis

As outlined in Statistical analysis methods: transformation of the logistic regression model into a clinical
prediction rule, the results of steps 1 and 2 of building the CPR are presented here.

On the log-odds scale, the initial logistic regression model with original predictors (coded 0 if
test negative and 1 if test positive) was:

log-odds of ulcer by 2 years = –3:81 + (1:11 × mono) + (0:70 × + pulse) + (1:95 × history). (2)

The intercept of –3.81 was taken from a random-effects meta-analysis of the intercepts of the three
studies with 2-year follow-up data.

Calculating probability of ulcer for each predictor combination
We used Equation 2 to carry out step 3 of the CPR building by first calculating the log-odds of ulcer for
each prediction combination and then converting that log-odds to a probability.

Generating a scoring scheme
Part of step 4 was examining ulcer risk probabilities (Table 10). This showed that some different
predictor combinations had similar risk. For example, we wanted the (0,0,1) predictor combination with
a probability of 0.134 to have the same score as the (1,1,0) combination with a probability of 0.118.

TABLE 10 Probability of ulcer for each of the eight predictor combinations

Monofilament
sensitive

Pulses
present

No history of
ulcer or amputation

Probability of
ulcer at 2 years

0 0 0 0.022

0 1 0 0.043

1 0 0 0.062

1 1 0 0.118

0 0 1 0.134

0 1 1 0.238

1 0 1 0.318

1 1 1 0.484

Monofilament is coded 0 if the patient is sensitive to a 10-g monofilament and 1 otherwise. Pulses are coded 0 if all
four pulses are present and 1 otherwise. Patients with no known history of ulcer or amputation are coded 0 and 1
otherwise. The probability of ulcer is calculated using Equation 2.
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Using the probabilities and the method of multiplying and rounding the predictor coefficients described
by Steyerberg,41 the CPR scoring method is:

l score 1 if patient is insensitive to monofilaments
l score 1 if patient is missing any pulse
l score 2 if patient has a history of ulcer or amputation.

This results in a CPR that gives scores from 0 to 4. We calculated this score for each patient and
refitted the logistic regression model using CPR score as the only predictor.

Refitting the logistic regression model with clinical prediction rule score as the only predictor
The resulting logistic regression model from steps 4 and 5 in Statistical analysis methods: transformation
of the logistic regression model into a clinical prediction rule using CPR score is:

log-odds of ulcer at 2 years = –3:73 + (0:944 × score). (3)

The intercept again was taken from a random-effects meta-analysis of the intercepts of the three
studies with 2-year follow-up data. We did not use this formula to calculate the probability of an ulcer,
but, if we had decided to, the corresponding formula for probability would be:

Probability of ulcer at 2 years =
1

1 + e�(�3:73 + 0:944 × score)
. (4)

Using Equation 4 would be perfectly acceptable, but we could calculate population-averaged probabilities
of ulcer, which should be generalisable to new studies. The formula for doing so is complex, and not
something that can be done easily without statistical software.42 We therefore calculated the probabilities
for our end-users, as one of our aims is that our CPR be easy to use. This is the sixth and final step outlined
in Statistical analysis methods: transformation of the logistic regression model into a clinical prediction rule.

Internal validity of the clinical prediction rule

The calibration of the CPR is shown in Figure 5 (using the study-specific estimates) and in Figure 6
(using the population average estimates). The study-specific estimates, by definition, have a calibration
slope of 1 and an intercept of 0, showing that the model has ideal calibration in the data set in which
it was developed. The changes in slope and intercept for the population average estimates show that
the CPR has been slightly recalibrated. We show these graphs for comparison with the calibration plot
obtained with the Leese et al.28 validation data set and because external calibration is a better guide of
how a model will perform than internal calibration.

Discrimination of the CPR shown in Table 11 was assessed by calculating the area under the ROC curve
(Figure 7). The c-statistic for the CPR is 0.796 (95% CI 0.772 to 0.820) and for the three-predictor model
(monofilaments, pulses and history) is 0.802 (95% CI 0.778 to 0.825).

External validity of the clinical prediction rule

The discrimination and calibration plots generated by the CPR in the Leese et al.28 data set show very
similar results to those of the internal validation (Figures 8–10). Again, the calibration statistics suggest
that the probability of ulcer at 2 years is underestimated by the CPR.
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FIGURE 5 Calibration plot for the CPR using study-specific estimates from the development data sets.
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FIGURE 6 Calibration plot for the CPR using population average estimates from the development studies.

TABLE 11 Population-based probability of ulcer at 2 years for each CPR score, calculated using Pavlou’s method for
population average estimates in the development data sets

CPR score Patients (n)
Probability of
ulcer at 2 years 95% CI

0 4646 0.024 0.014 to 0.03

1 2406 0.060 0.035 to 0.09

2 676 0.140 0.085 to 0.21

3 358 0.292 0.192 to 0.41

4 169 0.511 0.379 to 0.641
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We also compared the performance of the CPR with that of the original three-predictor model and
found very little loss of accuracy with the CPR (Table 12). Appendix 3 gives a further comparison of the
three-predictor and score models, using the development data sets.

The c-statistic for the CPR is 0.829 (95% CI 0.790 to 0.868). The c-statistic for the three-predictor
model is 0.834 (95% CI 0.794 to 0.873).
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FIGURE 7 The ROC curves for the CPR and three-predictor model for the prediction of ulcer at 2 years derived from
the development data sets.
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FIGURE 8 The external validation ROC plot from the Leese et al.28 data set.
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FIGURE 9 The external validation calibration plot from the Leese et al.28 data set for the CPR.
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FIGURE 10 The external validation calibration plot from the Leese et al.28 data set for the three-predictor model.

TABLE 12 External data calibration statistics for the three-predictor and CPR models

Model Intercept (95% CI) Slope (95% CI)

Three predictors 0.046 (–0.336 to 0.428) 1.133 (0.990 to 1.276)

CPR score –0.059 (–0.431 to 0.314) 1.139 (0.994 to 1.283)
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At a risk threshold of 6%, the net benefit is 0 for treat none and < 0 for treat all, but 0.015 for using
the CPR (Figure 11). This can be interpreted as follows: if we choose to treat patients with CPR scores
of � 1, then, for every 1000 individuals, 15 additional cases of ulcer at 2 years would be correctly
identified for treatment by the CPR, without increasing the number treated unnecessarily. At a risk
threshold of 14%, the number of additional cases of ulcer at 2 years identified for treatment would be
10 per 1000 individuals.

Table 13 shows the PODUS CPR that is designed to predict the risk of ulceration within 2 years of
patients with diabetes mellitus who do not currently have a foot ulcer.
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FIGURE 11 Net benefit plot for use of the CPR to identify patients who would benefit from an intervention to prevent
foot ulcer, generated from the Leese et al.28 validation data set.

TABLE 13 Printable display version of the PODUS CPR

PODUS CPR Score

Test with 10-g monofilament

Insensitive at any site – score 1 point

Sensitive at all sites – score 0 points

Check pedal pulses

Any pulse missing – score 1 point

Four pulses present – score 0 points

Has there been an ulcer or amputation previously?

Any ulcer or amputation – score 2 points

No ulcer or amputation – score 0 points

Total score out of 4
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Discussion

The CPR is simple and can be used without a calculator. The elements of the scoring system comprise
neurological damage, as assessed by sensitivity to a 10-g monofilament; vascular damage, as assessed
by the presence or absence of pedal pulses; and propensity to ulcerate, as assessed by history. This will
give the CPR face validity for end-users. Monofilament sensitivity and the presence of pulses are quick,
simple and cheap to measure. History of ulcer or amputation should be noted in the patient’s records
or identifiable from the patient’s presentation.

An important component in the development of complications in diabetes mellitus is self-care by patients.
We have very few data on this in the PODUS data sets, and so the statistical model underlying our CPR
is incomplete. This may be why the CPR underestimates risk as some of the risk of ulcer development
will depend on the level of diabetic control achieved by the patient; however, how self-care should be
measured is the subject of ongoing research.47

The performance of the CPR in the Leese et al.28 validation data set suggests that simplifying the three-
predictor model into the CPR resulted in little loss of discrimination and calibration. The calibration
graphs indicate that both the CPR and the three-predictor model are least accurate for high-risk
patients: those with a history of ulceration or amputation and at least one other risk factor. However,
the treatment pathway for these patients is the same, so the use of neither the CPR nor the three-
predictor model would result in a change in their care.

Ideally, the CPR will be validated in a new, prospective study. A new study’s results would be applicable
to patients living with diabetes mellitus today. Although we made every reasonable effort to gather all of
the data that were available, the data sets are not very recent and the factors driving the development
of foot ulcer may have changed.

A small number of patients developed ulcers despite exhibiting no neurological or vascular damage
(< 5% of all ulcers), but amputation is rarely necessary in such cases. The proportion of patients with
this predictor combination was 1.96% in the development data sets and 0.93% in the validation data set.
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Chapter 4 Systematic review of
preventative interventions for foot
ulceration in diabetes mellitus: an overview

Introduction

Accurate prediction models are useful for informing treatment decisions, but their value is ultimately
dependent on the availability of effective interventions to modify an individual’s probability of
developing a condition without causing further harm.41,48 The effect of interventions is most reliably
assessed in RCTs, as this is the only method of clinical evaluation that controls for known and unknown
confounding factors. We were aware of important SRs of RCTs published from 1998 onwards that had
identified RCTs that evaluated interventions to prevent foot ulceration in diabetes mellitus.16,18,49–51

The existence of these SRs with similar objectives to our own introduced the possibility that the most
efficient way to obtain numerical summaries of data (evidence) could be from an overview of SRs.

Overviews are used to summarise the effect of multiple interventions for a single condition.52 They
share some of the characteristics of SRs: a planned methodological approach, a defined question, a
search strategy, methods of data extraction and assessment of review quality. We sought to obtain
estimates of effect for preventative interventions for foot ulceration in diabetes mellitus from SRs of
RCTs sufficient to populate an economic model.53,54 The protocol for the overview was registered with
PROSPERO (CRD42016052324).

Overview question

How effective are preventative strategies for foot ulceration?

Aim
The aim was to produce an overview of the effects of interventions to prevent foot ulceration in
diabetes mellitus.

Objectives
The objectives were to identify SRs of RCTs and to obtain data about their effect on the incidence of
foot ulcers to calculate measures of effect from individual RCTs, or pool estimates from several trials
with which to populate an economic model.

Method

Searches
We searched for SRs using electronic search strategies created for Ovid® (Wolters Kluwer, Alphen aan den
Rijn, the Netherlands) MEDLINE, Ovid EMBASE and the Cochrane Library without language restrictions
from inception until February 2019 (see Appendix 4). Our approach to searching was informed by a search
string created by staff at the Centre for Reviews and Dissemination at the University of York to identify
SRs. SRs in progress were identified via PROSPERO [URL: www.crd.york.ac.uk/prospero/ (last accessed
1 May 2020)].
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Eligibility criteria
We assessed the scope of each review to ensure that it matched our objectives.

Participants
The participants were people of any age with a diagnosis of diabetes mellitus, either type 1 or type 2.

Intervention(s)
Simple interventions (e.g. 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)
or complex interventions (e.g. care from a specialist multidisciplinary team in which several interacting
interventions were evident) were considered for inclusion in the review. SRs of wound treatments,
including trials that evaluated dressings for foot ulcers, were excluded.

Comparator(s)
We included SRs that reported standard care or active comparators, including simple and complex
interventions.

Outcomes

Primary outcomes
Incident (new) and recurrent foot ulcers were reported as binary outcomes (present or absent). These
were defined in various ways, including as ‘a full thickness skin defect that requires more than 14 days
to heal’55 or using a classification system:56

l absolute numbers of incident ulcers
l absolute numbers of recurrent ulcers.

Secondary outcomes

l Amputation [minor, intrinsic to the foot (i.e. below the ankle), or major, involving the foot and leg].
l Mortality.
l Gangrene.
l Infection.
l Adverse events.
l Harms.
l Time to ulceration.
l Quality of life (QoL) [assessed using the EuroQol-5 Dimensions (EQ-5D), Short Form questionnaire-12

items (SF-12), or Short Form questionnaire-36 items (SF-36)].
l Timing of screening.
l Self-care.
l Hospital admissions.
l Psychological (knowledge/behaviour).

Study design
We sought to obtain evidence of the effectiveness of interventions from SRs of RCTs. Where we
identified SRs that included randomised and non-randomised studies, we included the review but
extracted data only from the RCTs.

Review selection and data extraction
One reviewer screened all titles and abstracts to identify potentially relevant SRs. A second reviewer
screened a 10% random sample of the yield. Two reviewers (DN and AA) working independently
screened the full texts of titles considered potentially relevant to determine whether or not the
objectives of each review matched our own with regard to the population, interventions, comparisons,
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outcomes and study design. Disagreements were resolved by discussion with a third reviewer (FC).
Data were extracted into a review-specific data extraction tool (see Appendix 5, Data extraction
and quality assessment: systematic review of randomised controlled trials) by two reviewers working
independently (DN and FC). Separate data extraction and quality assessment tools were designed and
piloted for the SRs. The following data were extracted:

l review author and funder details
l review objectives
l eligibility criteria for trials to be included in the review
l populations (including risk of ulceration), interventions, comparisons, outcomes and method of

synthesis (e.g. narrative synthesis or meta-analysis).

Risk-of-bias (quality) assessment
We undertook an assessment of the quality of reporting using the risk of bias in systematic reviews
(ROBIS) tool.57 This tool assesses bias in four domains that correspond to the main processes for
conducting SRs: determination of study eligibility criteria, identification and selection of studies,
data collection and study appraisal, and synthesis methods and findings (Tables 14 and 15).

We distinguished between SRs that included study designs other than RCTs and those that included
RCTs alone, and we tabulated the two groups separately. This is because the ROBIS tool contains an
assessment of the appropriateness of the synthesis relating to the nature and similarity in the research
questions, study designs and outcomes across included studies (ROBIS domain 4; item 4.3), and we
anticipated that the syntheses of data in reviews that included both RCTs and observational studies
might be based on all included study designs (randomised and observational) and, if reviewers failed
to separate the data from different types of study designs, might not reflect the findings from the
RCT data alone.

Plan for data analysis
From each included SR we extracted absolute numbers for the primary and secondary outcomes and
measures of effect with associated 95% CIs as reported in the reviews. We also noted the reviews’
overall conclusions about the effects of preventative interventions.

TABLE 14 Risk of bias of SRs including RCTs alone

Review (first author and
year of publication)

Domain

Study eligibility
criteria

Study identification
and selection

Data collection
and study appraisal

Synthesis
methods
and findings

Adiewere 201858 Unclear Unclear Unclear High

Arad 201159 Unclear High Low High

Binning 201960 Low Low High Low

Dorresteijn 201251 Low Low Low Low

He 201361 Low High Unclear High

Hoogeveen 201516 Low Low Low Low

Kaltenthaler 199862 Unclear High Unclear Low

Mason 199918 Unclear High Low Low

O’Meara 200049 Low Low Low Low

Spencer 200050 Low Low Low Low
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Results

Our search, conducted up to February 2019, retrieved 7020 references. The level of agreement between
the two reviewers (DN and AA) for selecting records by title and abstract was 58%, and disagreements
were resolved by discussion with a third reviewer (FC). The flow diagram in Appendix 4, Figure 51, shows
the number of articles at each stage of the process. We scrutinised 136 articles in a full-paper check,
subsequently excluding 118 (see Appendix 3, Table 41). We added two reviews that were identified from
searching the reference lists of the 18 reviews identified from the search of databases.

In total, we identified 20 SRs that aimed to evaluate interventions to prevent foot ulceration in diabetes
mellitus. Ten included only RCTs, and 10 included RCTs and observational studies; among the latter,
one SR was an updated version of another.64,65 All reviews were published between 1998 and 2019.
Tables 16 and 17 detail the scope of the reviews and Tables 18 and 19 detail the results of the overview.

Interventions

Education alone
Researchers from Glasgow, UK, and Amsterdam, the Netherlands, conducted a SR to assess the effect
of motivational interviewing on adherence to interventions to prevent diabetic foot ulceration.60 A search
of 11 databases for articles published until 2018 found one RCT79 that met our eligibility criteria. The
reviewers used a 21-item checklist designed to identify bias in and quality of studies of the foot in diabetes
mellitus. Only one of the included trials measured foot ulceration as an outcome. Other outcomes included
behaviour and knowledge of foot care practices. A narrative synthesis found insufficient evidence about
the value of motivational interviewing (or similar behavioural interventions) in preventing DFU.

Our assessment of bias in this review found weaknesses in the data collection, which involved only
one reviewer.

Researchers from Utrech, the Netherlands, reported a SR that assessed the effect of educational
interventions on the prevention of diabetic foot ulcerations, which was published in the Cochrane
Library.51 A search of five databases from inception until 2012 identified two RCTs that met our
eligibility criteria (n = 231 people with diabetes mellitus who either had a history of foot ulceration or
were at high risk of foot ulceration). A variety of outcomes were measured in the included trials: foot

TABLE 15 Risk of bias of SRs including studies of different design

Review (first author and
year of publication)

Domain

Study eligibility
criteria

Study identification
and selection

Data collection
and study appraisal

Synthesis
methods
and findings

Buckley 201363 Low High Unclear Low

Bus 201664 and Bus 200865 Low Low Low High

Healy 201466 Low High Low Unclear

Heuch 201667 Low High Low Low

Maciejewski 200468 Unclear High Low Low

Mayfield 200069 High High Unclear Unclear

Paton 201170 Low Unclear Low High

Ahmad Sharoni 201671 Low High Low Unclear

van Netten 201672 Low Low Low High
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TABLE 16 Summary of scope of the review: SR of RCTs alone

SR (first author and year of
publication)/country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

Adiewere 201858

UK

The Independent Diabetes
Trust

To examine the effectiveness of
patient education in preventing or
reducing the incidence or recurrence
of foot ulcers in adults with diabetes

Six databases: MEDLINE, EMBASE, CINAHL, PsycINFO,
the Cochrane Library and Evidence-based Nursing.
Searched from inception until September 2017

Nursing portal, National Library for Health, Excerpta
Medica (Excepta Medica BV, Amsterdam, the
Netherlands) and Google Scholar (Google Inc.,
Mountain View, CA, USA), bibliographies of relevant
textbooks

Search strategy reported: not reported

Excluded studies reported: no

Not reported Six RCTs; 1525

Arad 201159

USA

NR

To evaluate trials of interventions to
prevent DFU and not methods that
simply predict the likelihood of future
ulcers or treat pre-existing foot ulcers

Six databases: MEDLINE, PubMed, Clinical Trials
section of the Cochrane Library, ClinicalTrials.gov,
WHO’s International Clinical Trials Registry Platform
Number registry and Google databases. Searched
from 1 January 1960 to 30 April 2010

Search strategy reported: not reported/unclear

Excluded studies reported: no

Not reported Eight RCTs; 3520

Binning 201960

UK

NR

To determine whether or not
motivational interviewing is an
effective intervention to improve
adherence behaviours for the
prevention of DFU

Eleven databases: MEDLINE, CINAHL, ProQuest®

(ProQuest LLC, Ann Arbor, MI, USA), Nursing &
Allied Health Database, PsycINFO, CENTRAL, AMED,
EMBASE, Web of Science™ (Clarivate Analytics,
Philadelphia, PA, USA) core collections and
Science Direct® (Elsevier, Amsterdam, the
Netherlands)

Search strategy reported: yes

Excluded studies reported: no

Foot ulceration One RCT; 131
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TABLE 16 Summary of scope of the review: SR of RCTs alone (continued )

SR (first author and year of
publication)/country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

Dorresteijn 201251

The Netherlands

NR

To assess the effects of patient
education on the prevention of DFU

Five databases: Cochrane Wounds – 3 September
2014; CENTRAL up to 2012 issue 7; MEDLINE,
EMBASE, and CINAHL up to July 2012; Ovid
MEDLINE 2009 to July week 3 2012; Ovid MEDLINE
In-Process & Other Non-Indexed Citations, 31 July
2012; Ovid EMBASE (2009 to 2012 week 30) and
CINAHL [via EBSCOhost (EBSCO Information
Services, Ipswich, MA, USA)] 2009 to 26 July 2012

Search strategy reported: yes

Excluded studies reported: yes

Foot ulcers are open sores Two RCTs; 225

He 201361

China

NR

To assess the effectiveness of
intensive vs. routine education on
diabetes mellitus for preventing DFU

Five databases: CENTRAL up to 2013 issue 1;
PubMed and EMBASE (1978–2013); VIP
(1989–2013); and Wang Fang Data (1980–2013)

Search strategy reported: insufficient

Excluded studies reported: no

Not reported Two RCTs; 231

Hoogeveen 201516

The Netherlands

NR

To determine the effectiveness of
complex interventions against single
interventions for the prevention of
DFU. A complex intervention is
defined as an integrated care
approach, combining two or more
prevention strategies on at least two
different levels of care: the patient,
the health-care provider and/or the
structure of health care

Nine databases: Cochrane Wounds up to 22 May
2015; CENTRAL, the DARE, the HTA database,
the NHS EED via the Cochrane Library up to 2015,
issue 4; MEDLINE and MEDLINE In-Process & Other
Non-Indexed Citations from 1946 to 21 May 2015;
EMBASE from 1974 to 21 May 2015; and CINAHL
from 1982 to 22 May 2015

Search strategy reported: yes

Excluded studies reported: yes

SR did not report, but this
differed for each study

Three RCTs; 2458
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SR (first author and year of
publication)/country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

Kaltenthaler 199862

UK

NR

To critically review evidence on the
effectiveness of interventions for
treating and preventing DFU

Eight databases: CINAHL, the Cochrane Library,
EMBASE, HealthSTAR, MEDLINE, PharmacoEconomics
& Outcomes News, NHS EED and DataStar (Absolute
Technology Ltd, Southampton, UK). Searched from
1986 to 1996

Search strategy reported: no

Excluded studies reported: no

Wagner Classification
System divides DFUs into
grades of severity 0–573

Two RCTs; 464

Mason 199918

UK

NHS Executive and British
Diabetic Association

To identify effective interventions for
the management of the diabetic foot

Eight databases: Cochrane Trials Register, MEDLINE,
EMBASE, CINAHL, HealthSTAR, PsychLIT, Science
Citation Index, and Social Science Citation Index.
Searched from 1983 ‘onwards’

Search strategy reported: no

Excluded studies reported: no

At risk or damaged foot in
diabetes defined not DFUs in
particular74

Three RCTs; 2465

O’Meara 200049

UK

National Institute for Health
Research, UK

To examine the clinical effectiveness
and cost-effectiveness of
interventions for the prevention and
treatment of DFU; to identify
significant gaps in the research
evidence; to outline the type of
research needed to provide relevant
information to the NHS

Nineteen databases: MEDLINE from 1966 up to end
of 1998; and Science Citation Index (Clarivate
Analytics, Philadelphia, PA, USA), BIOSIS, British
Diabetic Association Database, CINAHL, CISCOM,
Cochrane Database of Systematic Reviews, Cochrane
Wounds, Current Research in Britain, DARE,
Dissertation Abstracts International, Department of
Health and Social Security data, EconLit, EMBASE,
Index to Scientific & Technical Proceedings, NHS EED
(NHS Centre for Reviews and Dissemination), Royal
College of Nursing Database, System for Information
on Grey Literature in Europe (SIGLE – BLAISE-LINE)
and National Research Register up to the end of 1998

Search strategy reported: yes

Excluded studies reported: yes

Author defined diabetic foot,
using Wagner’s system75 for
the classification of diabetic
feet, but did not define DFU

Four RCTs; 2625
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TABLE 16 Summary of scope of the review: SR of RCTs alone (continued )

SR (first author and year of
publication)/country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

Spencer 200050

UK

No external sources of
support

To assess the effectiveness of
pressure-relieving interventions in the
prevention and treatment of DFU

Nineteen databases: in the paper reported only
Cochrane Wounds Group methods used in search
strategy. This uses the Cochrane Wounds and
CENTRAL – both dates not reported; MEDLINE from
1946 onwards; EMBASE from 1974 onwards;
EBSCOhost from 1982 onwards; CINAHL trial
registries; ClinicalTrials.gov; the WHO’s International
Clinical Trial Registry platform; and the European
Union Clinical Trials Register (all dates not reported)

Search strategy reported: insufficient

Excluded studies reported: yes

Not reported One RCT; 69

AMED, Allied and Complementary Medicine Database; BIOSIS, Bioscience Information Service; CINAHL, Cumulative Index to Nursing and Allied Health Literature; CISCOM,
Centralised Information Service for Complementary Medicine; DARE, Database of Abstracts of Reviews of Effects; NHS EED, NHS Economic Evaluation Database; NR, not reported;
VIP, Vendor Information Pages; WHO, World Health Organization.
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TABLE 17 Summary of scope of the review: SR of studies including different designs

SR (first author and
year of publication)/
country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

Buckley 201363

Ireland

Health Research Board
Ireland

To determine the effect of contact with
a podiatrist on the occurrence of LEAs
in people with diabetes

Four databases: PubMed from 1966 to 25 September
2011; CINAHL from 1981 to 25 September 2011;
EMBASE from 1974 to 25 September 2011; and the
Cochrane databases from 1991 to 25 September 2011

Search strategy reported: yes

Excluded studies reported: yes

Not reported One RCT; 91

Bus 201664 and Bus 200865

The Netherlands

NR

To assess the effectiveness of footwear
and offloading interventions to prevent
or heal foot ulcers or to reduce
mechanical pressure

Eight databases: PubMed, EMBASE, CINAHL, Cochrane
Database of Systematic Reviews, CENTRAL, NHS Economic
Evaluation Database, and Health Technology Assessment
Database. Searched from May 2006 to July 2014

Search strategy reported: yes

Excluded studies reported: yes

Not reported Seven RCTs; 1476

Healy 201466

UK

NR

To examine the quality and
effectiveness of footwear to prevent
DFU or to reduce biomechanical risk
factors for ulceration

Three databases: CINAHL, MEDLINE and Cochrane
Register of Controlled Trials. Searched up to
December 2012

Search strategy reported: insufficient

Excluded studies reported: no

Not reported Two RCTs; 469

Heuch 201667

Australia

NR

To identify, critically appraise and
synthesise the best available evidence
on methods of offloading to prevent
the development, and reduce the risk,
of primary foot ulceration in adults
with diabetes

Thirteen databases: PubMed, Cochrane Database of
Systematic Reviews, CINAHL, EMBASE, Scopus, Google
Scholar, Cochrane – Protocols, Research and Trials Register,
ClinicalTrials.gov, NHS Research Register, regard (database of
Economic and Social Research Council), OpenSIGLE, MedNar,
WorldWideScience. Searched up to November 2013

Search strategy reported: yes

Excluded studies reported: yes

Cochrane Wound Group:76

an area of skin loss resulting
from poor blood supply
and/or reduced nerve
function in the lower limb
caused by diabetes mellitus

0 RCTs

Maciejewski 200468 To review the evidence for the
effectiveness of therapeutic footwear in
preventing re-ulceration in people

One database: MEDLINE from 1980 to ‘present’ Not reported Two RCTs; 469
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TABLE 17 Summary of scope of the review: SR of studies including different designs (continued )

SR (first author and
year of publication)/
country/funder Aim Search strategy Definition of ulcer

RCTs and total
number of patients

USA

Department of Veterans
Affairs

with diabetes and to discuss factors
influencing study findings

Search strategy reported: insufficient

Excluded studies reported: no

Mayfield 200069

USA

NR

To evaluate Semmes–Weinstein
monofilament and other threshold testing
in preventing ulcers and amputation

One database: MEDLINE from 1985 to 2000

Search strategy reported: insufficient

Excluded studies reported: no

Not reported One RCT; 2001

Paton 201170

UK

NR

To evaluate the effectiveness of insoles
used for the prevention of ulcer in
neuropathic diabetic foot

Two databases: MEDLINE and CINAHL.
Searched up to 2008

Search strategy reported: insufficient

Excluded studies reported: no

Not reported One RCT; 69

Ahmad Sharoni 201671

Malaysia

NR

To assess the effectiveness of health
education programmes to improve foot
self-care practices and foot problems
among older people with diabetes

Six databases: EBSCOhost medical collections
(MEDLINE, CINAHL, Psychology and Behavioural
Sciences Collection), SAGE, Wiley Online Library (John
Wiley & Sons, Inc., Hoboken, NJ, USA), ScienceDirect,
SpringerLink (Springer Nature Switzerland AG, Cham,
Switzerland), and Web of Science. Searched from
January 2000 to March 2015.

Search strategy reported: yes

Excluded studies reported: no

Not reported One RCT; 172

van Netten 201672

The Netherlands

NR

To determine the effectiveness of
patient education to prevent foot
ulceration in persons with diabetes who
are at risk of foot ulceration and do not
have a current foot ulcer

Eight databases: PubMed, Excerpta Medica database
(EMBASE) via OvidSP (Health First, Rockledge, FL, USA),
CINAHL, Cochrane Database of Systematic Reviews, DARE,
CENTRAL, WHO’s International Clinical Trials Registry
Platform and ClinicalTrials.gov. Searched up to July 2014

Search strategy reported: yes

Excluded studies reported: no

A DFU was defined as a
‘full thickness lesion of the
skin distal to the malleoli
in a person with DM’77

17 RCTs; 3107

CINAHL, Cumulative Index to Nursing and Allied Health Literature; DARE, Database of Abstracts of Reviews of Effect; DM, diabetes mellitus; NHS EED, NHS Economic Evaluation
Database; OpenSIGLE, Open System for Information on Grey Literature in Europe; WHO, World Health Organization.
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TABLE 18 Summary of the results of the overview: SRs of RCTs alone

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Adiewere 201858 Intervention: patient education

Control: standard care

Risk status: unclear

Patient education

Monami 1995.78 DFU: RR 0.08 (95% CI 0.00 to 1.34).
Knowledge improved; p = 0.001

Gershater 2011.79 Ulcer recurrence: intervention group
(n = 19) 48%, control group (n = 22) 38% (p > 0.05)

Lincoln 2008.80 Recurrent ulcers: foot care behaviour
showed a significant improvement in intervention group
(p = 0.03). No clinical benefits from education

Rönnemaa 1997.81 Foot care knowledge improved in
the intervention group after 12 months. No effects of
education on DFUs or amputation rate. Increase in foot
care knowledge in the intervention group (p = 0.004)

Malone 1989.82 Marked reduction in ulceration incidence
in the intervention group (n = 8) compared with the
control group (n = 28): RR 0.31 (95% CI 0.14 to 0.66).
Amputation: RR 0.33 (95% CI 0.15 to 0.76)

Bloomgarden 1987.83 Education had no significant effects
on ulceration, amputation, callus formation, nail dystrophy
or fungal infection

Meta-analysis
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TABLE 18 Summary of the results of the overview: SRs of RCTs alone (continued )

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Arad 201159 Interventions:

l Enhanced patient education and caretaker monitoring
l Therapeutic footwear and insoles
l Surgical
l Plantar foot temperature-guided avoidance therapy

Control: no information

Risk status: high risk

Patient education

Litzelman 1993.6 Number of participants not reported;
outcomes unclear

Lincoln 2008.80 No difference in the rate of foot ulcers

McCabe 1998.84 Decrease in major amputations but not in
minor amputations or ulcerations

Therapeutic footwear

Uccioli 1995.85 At 1 year there was a significant difference
(27.7% vs. 58.3%) but the direction of the effect is unclear

Reiber 2002.86 No differences in incidence of foot
ulceration between the two groups

Lavery et al. (unpublished: personal communication to
Arad59). Patients with a history of foot ulceration showed a
reduction of > 90% but patients without a history did not

Plantar foot temperature-guided avoidance therapy

Lavery 2004.87 Patients (n = 85), 7% vs. 2% (the ulceration
rate in the intervention and control groups); p = 0.01

Lavery 2007.88 Ulceration rate was 30% in the intervention
and control groups and 8.5% in the temperature-guided
avoidance therapy group

Armstrong 2007.89 Ulcer rates for two groups unclear
(12.2–4.7% in the temperature group)

Narrative

Binning 201960 Intervention: motivational interviewing

Control: not reported

Risk status: ‘at risk of DFUs’

Gershater 2011.79 Incidence of ulceration as an outcome.
The intervention did not improve ulceration rates
compared with the control group

Narrative
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SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Dorresteijn 201251 Intervention: education aimed at DFUs, diabetes in
general, including foot care education, diabetic foot
programme with patient education on foot care

Control: all types of controls were considered for
inclusion and so this varied between trials

Risk status: varied

Intensive compared with brief educational interventions

Lincoln 2008.80 Ulcer rate at 12 months: 36/87 vs. 35/85.
Amputation at 12 months: 9/87 vs. 9/85

Cisneros 2010.90 Foot ulcers were observed in 22/51
people. The accompanying survival curve in the trial report
showed a trend towards longer event-free survival in
intervention group participants, but this was not
statistically significant (p = 0.362; hazard ratio not
reported)

Numerical summary, data plotted on
a forest plot without summary
statistic

He 201361 Intervention: intensive diabetic education. Unclear
how provided

Control: routine diabetes education

Risk status: not reported

Lincoln 2008.80 Ulceration: RR 1.00 (95% CI 0.70 to 1.44)

Amputation: RR 0.97 (95% CI 0.37 to 2.59)

Cisneros 2010.90 Ulcers: RR 0.53 (95% CI 0.28 to 1.02)

Meta-analysis with summary statistic:
RR, OR, mean differences, 95% CI

Hoogeveen 201516 Intervention: complex integrating care combining two or
more prevention strategies on two or more different
levels of care: patient, health-care provider and/or
structure of health care. Differed for each study. Included
education and footwear

Control: differed for each study but included written foot
care instructions only as a single intervention, with usual
care or alternative complex intervention, which differed
from the experiment on two different levels

Risk status: varied

More intensive and comprehensive complex interventions vs.
usual care

McCabe 1998.84 Ulcers at 2-year follow-up: intervention
group 24/1001 vs. control group 35/1000; RR 0.69 (95% CI
0.41 to 1.14). Amputation: intervention group 7/1001;
control group 23/1000 (RR 0.30, 95% CI 0.13 to 0.71)

Liang 2012.91 Ulcers: intervention group, 0/31; control
group, 7/31. Amputation: intervention group, 0/31; control
group, 2/31

Educationally focused interventions vs. usual care or less
intensive programmes

Litzelman 1993.92 Amputation: intervention group, 1/191;
control group, 4/205

No ulcer data mentioned

Meta-analysis without summary
statistic; with summary statistic risk
ratios and 95% CI
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TABLE 18 Summary of the results of the overview: SRs of RCTs alone (continued )

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Kaltenthaler 199862 Intervention: health education, therapeutic footwear

Control: no education, and patients wore their own shoes

Risk status: not reported

Health education

Litzelman 1993.92 Lower extremity abnormality:
59% reduction in risk in the intervention group

Therapeutic shoes

Uccioli 1995.85 Ulcer relapse rate: 27.7% in the
intervention group vs. 58.3% in the control group

Narrative

Mason 199918 Intervention:

l Patient education – general diabetic care, foot care,
special foot care sessions

l Screening for patients at increased risk of ulceration
l Orthotic device, therapeutic shoes plus custom-

moulded insoles

Control: none or normal education, usual care,
conventional podiatric care, patient’s own shoes

Risk status: not reported

Patient education

Litzelman 1993.92 Significant reduction in serious lesions
(OR 0.41, 95% CI 0.16 to 1.00; p = 0.05). Amputation
rate 1/191 in the intervention group and 4/205 in the
control group

Screening and interventions for patients with raised risk
of ulceration

McCabe 1998.84 Ulcer rate: 24/1001 in the intervention
group vs. 35/1000 in the control group

Proportion of ulcers leading to amputations: intervention
group, 7/24; control group, 23/35

Amputations (major): intervention group, 1/1001; control
group, 6/1001

Footwear in patients with raised risk of ulceration

Uccioli 1995.85 Ulcer relapse rate: intervention
group, 9/33; control group, 21/36

Narrative
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SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

O’Meara 200049 Intervention: orthotics, podiatry, therapeutic shoes with
custom-moulded insoles, standard below-knee elastic
stockings, education, insulin treatment, multifaceted
health-care intervention, simple education and routine
diabetic teaching, screening, prevention programme

Control: traditional podiatrist treatment/routine patient
care – written instructions, ordinary non-therapeutic
shoes, elastic stockings vs. no stockings, usual care,
no special foot care education

Risk status: high risk

Uccioli 1995.85 Ulcer relapse at 1 year: intervention group,
9/33; control group, 21/36 (OR 0.29, 95% CI 0.11 to 0.74)

Ulcer-free time: intervention group mean, 9.1 (SD 3.7)
months, control group mean, 3.7 (SD 3.1) months

Belcaro 1992.93 Number of ulcerated limbs at year 4:
intervention group, 3/148; control group, 10/150 (OR 0.33,
95% CI 0.11 to 1.00). Total number of ulcers: intervention
group, 3/74; control group, 10/75 (OR 0.31, 95% CI 0.10
to 0.98)

Litzelman 1993.92 Serious foot lesions: intervention group,
7/176; control group, 16/175 (OR 0.32, 95% CI 0.19 to
1.00). Amputation rate (foot or limb): intervention group,
1/191; control group, 4/205 (OR 0.32, 95% CI 0.05
to 1.86)

McCabe 1998.84 Incidence of ulceration: intervention
group, 24/1001; control group, 35/1000

Proportion of ulcers leading to amputations: intervention
group, 29%; control group, 66%

Number of amputations: intervention group, 7 (one major
and six minor); control group; 25 (12 major and 13 minor)

Narrative and meta-analysis with
summary statistic ORs

Spencer 200050 Intervention: orthotics, podiatry, total contact casting,
therapeutic shoes, education

Control: not reported

Risk status: varied

Pressure-relieving devices vs. standard care

Uccioli 1995.85 Incidence of ulcer relapse: intervention
group, 9/33; control group, 21/36 (OR 0.29, 95% CI
0.11 to 0.74)

Mean ulcer-free time WMD: 5.40 (95% CI 3.78 to 7.02)

Meta-analysis without pooled
summary statistics

RR, relative risk; SD, standard deviation; WMD, weighted mean difference.
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TABLE 19 Summary of results of overview: SRs of studies including different designs

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Buckley 201363 Intervention: patient education, podiatry, chiropody

Control: written information or chiropodist
treatment, not specifically recommended

Risk status: varied

Chiropodist visit

Plank 200394

Recurrence rate of ulcers: not reported in SR

Amputation at 1 year: intervention group, 2; control group, 1

Meta-analysis with summary
statistic: RR. Separate forest
plots for RCT/cohort

Bus 201664 and
Bus 200865

Interventions:

l casting
l footwear
l surgical offloading
l other offloading techniques

Control:

l standard care alone
l no intervention
l sham treatment

Risk status: high risk

Footwear and orthoses

Lavery 2012.95 Ulcer recurrence: intervention group, 2.0% (n = 3/149);
control group, 6.7% (n = 10/150) (p = 0.08)

Rizzo 2012.96 Ulcer incidence at 1 year: intervention group, 12.8%;
control group, 38.6% (p < 0.0001). At 3 years: intervention group,
17.6%; control group, 61.0% (p < 0.0001). At 5 years: intervention
group, 23.5%; control group, 72.0% (p = 0.0001)

Scirè 2009:97 Ulcer incidence: intervention group, 1.1% (1/89); control
group, 15.4% (12/78) (p < 0.001)

Uccioli 1995.85 Ulcer recurrence: intervention group, 27.7%; control
group, 58.3%; p = 0.009

Ulbrecht 2014.98 Ulcer recurrence at 16.5 months: intervention group,
9.1%; control group 25.0% (p < 0.007; HR 3.4, 95% CI 1.3 to 8.7). All
lesions at 6 months: in intervention group significantly less than in
control group (p = 0.042). Ulcer recurrence at 6 months: in intervention
group significantly less than in control group (p = 0.003)

Not reported. Reported in
discrete sections

Bus 2013.99 Ulcer recurrence: intervention group, 33 of 85 (38.8%);
control group, 38 of 86 (44.2%) (p = 0.48; OR 0.80, 95% CI 0.44 to
1.47). Ulcer recurrence in 79 adherent patients (i.e. > 80% of steps in
prescribed footwear): intervention group, 9 of 35 (25.7%); control
group, 21 of 44 (47.8%) (p = 0.045; OR 0.38, 95% CI 0.15 to 0.99).
All lesions at 12 months: not significantly different (p = 0.073). Ulcer
recurrence at 12 months: in intervention group significantly less than
in control group (p = 0.0041)
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SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Reiber 2002.86 Recurrent ulcers in 2 years: intervention group 1, 26;
intervention group 2, 31; control group, 38. Number of patients with
an ulcer in 2 years: intervention group 1, 14.9% (18/121), intervention
group 2, 14.3% (17/119), control group, 16.9% (27/160). Relative risk
ratios: intervention group 1 vs. control group 0.88 (95% CI 0.51
to 1.52), intervention group 2 vs. control group 0.85 (95% CI 0.48
to 1.48)

Healy 201466 Intervention: footwear as a method for offloading to
prevent DFU

Control: usual footwear

Risk status: high risk

Reiber 2002.86 Ulceration: intervention group 1.15%; intervention
group 2, 14%; control group 7%

Uccioli 1995.85 Ulcer relapse: intervention group 2, 7.7%; control
group 5, 8.3% (p = 0.009)

(Absolute numbers unclear for both studies)

Narrative

Heuch 201667 Intervention: customised rigid orthotic device

Control: traditional treatment by podiatrist

Risk status: low risk

No RCTs were identified that met the criteria for our overview Narrative reported in
discrete sections

Maciejewski 200468 Intervention: therapeutic footwear, therapeutic shoes
with insoles (cork/polyurethane inserts), slippers

Control: unclear in reporting

Risk status: high risk

Uccioli 1995.85 Re-ulceration: intervention group. 27.7%; control
group, 58.3% (RR 0.47, 95% CI 0.23 to 0.90; OR 0.26)

Reiber 2002:86 No significant difference in re-ulceration between
cork and control groups (RR 0.88, 95% 0.51 to 1.52) or between
polyurethane and control groups (RR 0.85, 95% 0.48 to 1.48)

Narrative reported in
discrete sections

Mayfield 200069 Intervention: screening

Control: unclear in reporting

Risk status: low risk

Klenerman and McCabe 1998.84,100 Ulcers: intervention group 24
vs. control group 35. Minor amputations: intervention group 6 vs.
control group 13. Major amputations: intervention group 6 vs. control
group 12

Narrative reported in
discrete sections
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TABLE 19 Summary of results of overview: SRs of studies including different designs (continued )

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Paton 201170 Intervention: therapeutic footwear with PPT and
Plastazote®-casted insoles (Zotefoam, Croydon, UK),
magnetic insoles

Control: own footwear or sham

Risk status: high

Uccioli 1995.85 Ulcer relapses: intervention group, 27.7%; control
group, 58.3%. Therapeutic insoles plus shoes not associated with
ulceration: R = –0.315 (95% CI –0.54 to –0.08). Ulcer-free time:
intervention group, 9.1 ± 3.7 months, control group, 3.7 ± 3.1 months

Narrative reported in
discrete sections

Ahmad Sharoni 201671 Intervention: education programmes to improve foot
self-care practices and foot problems

Control: usual care

Risk status: not reported

Lincoln 2008.80 No significant difference was observed between
groups in ulcer or amputation incidence at either 6 or 12 months

Narrative reported in
discrete sections

van Netten 201672 Interventions:

l Patient education
l Self-management
l Therapeutic footwear
l Surgical intervention
l Integrated foot care

Control: usual care

Risk status: ‘at risk’

Foot care programmes

Liang 2012.91 Ulcers: intervention group, 0%; control group, 24.1%
(n = 7) (p = 0.0137). Minor amputation: intervention, group, 0% (n = 0);
control group, 6.9% (n = 2) (p = 0.4569)

Van Putten 2010.101 Ulcer incidence: intervention group, 10% (n = 28);
control group, 11% (n = 30) (p = 0.89). Severe ulcers: (infected or deep
ulcers): intervention group, 11% (n = 3/28); control group, 37%
(n = 11/30) (p = 0.03). Amputation: intervention group, 1% (n = 2);
control group, 2% (n = 6) (p = 0.29)

Cisneros 2010.90 Ulcer intervention group, 38.1% (8/30); control
group, 5.1% (8/23) (p = 0.29)

Plank 2003.94 Recurrence (per patient): intervention group, 38%
(n = 18); control group, 57% (n = 25) (HR 0.60, 95% CI 0.32 to 1.09;
p = 0.9). Ulcer recurrence (per foot): intervention group, 22% (n = 20);
control group, 38% (n = 32) (RR 0.52, 95% CI 0.29 to 0.93; p = 0.03).
Amputation: intervention group, 4% (n = 2); both minor); control
group, 2% (n = 1, minor). Mortality: intervention group, 4% (n = 2);
control group, 9% (n = 4). Aggregated DFUs, amputation and mortality:
intervention group, 38% (n = 18); control group, 66% (n = 29)
(HR 0.54, 95% CI 0.30 to 0.96; p = 0.03)

Narrative reported in
discrete sections
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SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Self-management

Armstrong 2005.102 Ulcer: intervention group, 5.9% (n = 2); control
group, 5.6% (n = 2) (p = 0.9). No difference in unexpected visits or
missed appointments

Armstrong 2007.89 Ulcer: intervention group, 4.7% (n = 5); control
group, 12.2% (n = 14) (OR 3.0, 95% CI 1.0 to 8.5; p = 0.038)

Lavery 2004.87 Ulcer/Charcot fracture: intervention group, 2.4%
(n = 1); control group, 20.0% (n = 9) (p = 0.0; RR 10.3, 95% CI 1.2 to
85.3). Ulcer: intervention group, 2.4% (n = 1); control group, 1.6%
(n = 7) (p < 0.05). Amputation: intervention group, 0% (n = 0); control
group, 2.3% (n = 1)

Lavery 2007.88 Ulcer/Charcot fracture: intervention group, 8.5%
(n = 5); control group 1, 30.4% (n = 17); control group 2, 29.3%
(n = 17). Intervention vs. control group 1; OR 4.71 (95% CI 1.60 to
13.85) (p = 0.0061). Control group 1 vs. control group 2: OR 4.48
(95% CI 1.53 to 13.14) (p = 0.008). Time to ulceration: intervention vs.
control group 1 vs. control group 2; p = 0.011

Patient education

Gershater 2011.79 Ulcer recurrence: intervention group, 48% (n = 19);
control group, 38% (n = 22) (p > 0.05). Time to recurrence not
significantly different between intervention group and control group
(no p-value reported)

Lincoln 2008.80 Recurrent ulcers: intervention group, 41.4% (n = 36);
control group, 41.2% (n = 35) (RR 0.997, 95% CI 0.776 to 1.280).
Amputation: intervention group, 10.3% (n = 9) (one major, eight minor)
(RR 1.003, 95% CI 0.905 to 1.111). Recommended foot care
behaviours were better in the intervention than in the control group
at 12 months

Footwear and orthoses

Scirè 2009.97 Ulcer incidence: intervention group, 1.1% (1/89); control
group, 15.4% (12/78) (p < 0.001)
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TABLE 19 Summary of results of overview: SRs of studies including different designs (continued )

SR (first author and
year of publication) Intervention/control/risk status Outcomes Synthesis of data

Lavery 2012.95 Ulcer recurrence: intervention group, 2.0% (n = 3);
control group, 6.7% (n = 10) (p = 0.08)

Rizzo 2012.96 Ulcer incidence at 1 year: intervention group, 12.8%;
control group, 38.6% (p = 0.0001). Ulcer incidence at 3 years:
intervention group, 17.6%; control group, 61.0% (p = 0.0001). Ulcer
incidence at 5 years: intervention group, 23.5%; control group, 72.0%
(p = 0.0001)

Ulbrecht 2014. Ulcer/Charcot fracture: intervention group, 2.4%
(n = 1); control group, 20.0% (n = 9) (p = 0.01; RR 10.3, 95% CI 1.2 to
85.3). Ulcer: intervention group, 2.4% (n = 1); control group, 1.6%
(n = 7) (p < 0.05). Amputation: intervention group, 0% (n = 0); control
group, 2.3% (n = 1)

Bus 2013.99 Ulcer recurrence: intervention group, 33 of 85 (38.8%);
control group, 38 of 86 (44.2%) (p = 0.48; OR 0.80, 95% CI 0.44 to
1.47). Ulcer recurrence in 79 adherent patients (i.e. > 80% of steps in
prescribed footwear): intervention group, 9 of 35 (25.7%); control
group, 21 of 44 (47.8%) (p = 0.045; OR 0.38, 95% CI 0.15 to 0.99)

Reiber 2002.86 Number of recurrent ulcers in 2 years: interventon
group 1, 26; intervention group 2, 31, control group, 38 (not
significant). Number of patients with an ulcer in 2 years: intervention
group 1, 14.9% (18/121); intervention group 2, 14.3% (17/119); control
group, 16.9% (27/160). RR ratio: intervention group 1 vs. control group
0.88 (95% CI 0.51 to 1.52); intervention group 2 vs. control group 0.85
(95% CI 0.48 to 1.48)

Uccioli 1995.85 Ulcer recurrence: intervention group, 27.7%; control
group, 58.3% (p = 0.009)

HR, hazard ratio; PPT, professional protective technology; RR, relative risk.
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care knowledge, behaviour, self-confidence scores and common foot disorders including callus and nail
dystrophies. With regard to foot ulceration and amputation, the authors concluded that only two
sufficiently powered trials reported the effect of education and that there was insufficient robust
evidence that it was effective. The risk of bias in the RCTs was assessed using the Cochrane risk-of-bias
tool. Our assessment of review quality using the ROBIS tool found the review to be at low risk of bias.

A group of researchers from Ya’an, China, conducted a SR61 that was published in Chinese and translated
for our team by a researcher fluent in Chinese (Xin Wang) and using the translate function of Google
(Google, Inc., Mountain View, CA, USA). A search of five databases from inception to 2012 identified two
RCTs (n = 231 people with diabetes mellitus). The participants’ risk of foot ulceration was not reported.
The meta-analysis (n = 1189) showed that the incidence of foot ulcers was lower in the diabetes mellitus
education group than in the control group (64/610 vs. 102/579), and the difference was statistically
significant [relative risk (RR) 0.51, 95% CI 0.30 to 0.84]. The reviewers used the Cochrane risk-of-bias
tool to assess the quality of the included trials and found them to be mainly at high risk of bias. The
reviewers concluded that, compared with routine education, intensive education could reduce the
incidence of DFUs but that this needed to be verified in high-quality studies.

We were unable to replicate this meta-analysis because we could not obtain three of the RCTs from
the British Library.104–106 In our assessment of the risk of bias of this SR, the search strategy was judged
to be weak because of limited search terms and because restrictions on search dates may have led to
trials being missed.

A team of researchers from Selangor, Malaysia,71 undertook a SR to assess the effectiveness of health
education programmes in improving foot self-care practices and foot problems among older people
with diabetes mellitus.85 A search of six databases between January 2000 and March 2015 found
one RCT that met our eligibility criteria (n = 172). The reviewers also included one RCT that explicitly
excluded people with diabetes mellitus, despite the review title indicating that this was the population
of interest.107 The reviewers assessed study quality using the Cochrane risk-of-bias tool.52 The
reviewers found no statistical differences between the groups in terms of foot ulcer and amputation
incidence at 6 or 12 months. The reviewers concluded that education programmes showed an
improvement in self-care scores and foot problems but further evaluations are required.

In our assessment of the quality of this review, we found several threats to the validity of the findings:
the approach to applying the review eligibility criteria was ambiguous, and the inclusion of a trial that
excluded patients with diabetes mellitus appeared to contradict the eligibility criteria of the review.

A team of researchers from Nottingham, UK,66 undertook a SR to assess the effectiveness of education
interventions in preventing or reducing the incidence or recurrence of foot ulcerations or amputations
in adults with diabetes mellitus. A search of six databases from inception to September 2017 identified
six RCTs, only three of which met our eligibility criteria (n = 423). The reviewers assessed study quality
using the Cochrane risk-of-bias tool and a Critical Appraisal Skills Programme (CASP) tool. Three
forest plots presented pooled outcomes. The first pooled RR of foot ulceration collected from people
receiving education versus usual care (RR 0.52, 95% CI 0.23 to 1.15). The second pooled estimate
evaluated the effect of education on foot ulcer and amputation rate combined (RR 0.37, 95% CI
0.14 to 1.01). The third assessed foot ulcer and amputation rates among people receiving intensive
education compared with the rates among those receiving brief education interventions (RR 0.57,
95% CI 0.20 to 1.63). The reviewers concluded that the education interventions led to a statistically
significant effect based on a p-value of 0.05.

In our assessment of the quality of this review, we found all three CIs from the meta-analyses included 1.
Despite this, the researchers concluded that, overall, an intensive education approach offered a
positive effect.
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Footwear and offloading
A team of researchers from Amsterdam, the Netherlands, carried out a SR of footwear and offloading
interventions to prevent or heal foot ulcers or to reduce mechanical pressure.65 An updated search of
eight databases of articles published between May 2006 and July 2014 identified a further seven RCTs
(n = 1476).64 The interventions were casting, footwear and surgical offloading. The reviewers used the
Cochrane risk-of-bias tool to assess trial quality and found it to be variable. The reviewers concluded
that therapeutic footwear leads to a reduction in plantar pressure, which they suggest will, in turn,
prevent plantar foot ulcer recurrence. The reviewers also concluded that there is no evidence that
therapeutic footwear prevents first foot ulcers, only recurrent ulcers, and that custom-made footwear
results in fewer ulcers than no prescribed footwear among people with a history of foot ulceration.

Our risk-of-bias assessment judged this review to be at a low risk of bias.

A group of researchers from Staffordshire, UK, reported a SR that examined the quality and
effectiveness of footwear to prevent DFU or to reduce biomechanical risk factors for ulceration.66

A search of three databases identified two RCTs relevant to our overview (n = 469). Quality was
assessed based on three criteria (sampling method, inclusion criteria and the approach to statistical
analysis) and the two included RCTs were reported to be of poor quality. The authors’ conclusions
were based on the findings from observational studies, but the authors did acknowledge the need for
further randomised trials.

Our assessment of the bias of this trial found a risk of bias arising from study selection, which was carried
out by one reviewer, and from the fact that the searches were limited to English-language studies.

Researchers in Adelaide, Australia, undertook a SR to identify, critically appraise and synthesise the
best available evidence for offloading interventions to prevent the development and reduce the risk
of primary foot ulceration in adults with diabetes mellitus who were at low risk of foot ulceration. The
review identified no RCTs that were relevant to our review from a literature search of 14 databases
(until November 2013), but the eligibility criteria did match that of our overview.67 The reviewers
used the Joanna Briggs Institute’s critical appraisal checklist108 to assess study quality.

The reviewers concluded that there is limited evidence that offloading prevents the development and
reduces the risk of primary foot ulceration in adults with diabetes mellitus at low risk of foot ulceration.

A research team from Washington, USA, published a SR in 2004 that aimed to review the evidence of
the effectiveness of therapeutic footwear in preventing re-ulceration in people with diabetes mellitus
and to discuss factors influencing study findings.68 A search of one database (1980 to ‘the present’)
identified two RCTs relevant to our overview (n = 469) evaluating therapeutic footwear. There was an
assessment of study validity.109 The reviewers found no consistent evidence to support the use of
therapeutic shoes and inserts to prevent DFU, owing to methodological weaknesses in the studies,
and so concluded that there is no significant therapeutic benefit from therapeutic footwear. Nor did
they identify evidence to support the practice of dispensing free therapeutic shoes with insoles to all
patients with diabetes mellitus.

In a SR, a team from Plymouth, UK, evaluated the effectiveness of insoles in the prevention of ulcers in
people with a history of foot ulceration.70 A search of two databases (from inception to 2008) identified
only one RCT that met our eligibility criteria (n = 69). This trial evaluated the effect of a magnetic insole
constructed using Professional Protective Technology, Inc. (Deer Park, NY, USA). The trial investigators
reported a reduction in foot ulcer relapses [27.7% vs. 58.3%; p = 0.009; OR 0.26 (95% CI 0.2 to 1.54)].85

The reviewers assessed the quality of studies using an assessment tool for use in randomised and
non-randomised studies.110 They concluded that insoles designed to prevent ulceration in the diabetic
neuropathic foot appear to be of some value and should be considered as part of a prevention strategy.
It was not possible for these reviewers to recommend any particular type or specification of insoles.
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Complex interventions
A research group from Utrecht, the Netherlands, published a SR in the Cochrane Library. The review
aimed to evaluate the effectiveness of complex interventions in comparison with a single intervention
for the prevention of DFU.16 The review included trials that involved people with diabetes mellitus with
different levels of ulcer risk. A search of nine databases identified three RCTs relevant to our overview.
The Cochrane risk-of-bias tool52 was used to assess trial quality.

The reviewers defined a complex intervention as an integrated care approach combining two or more
prevention strategies on at least two different levels of care (patients, health-care providers and/or
structure of health care). The review included three trials with DFUs as an outcome that compared the
effect of educationally oriented complex interventions plus either screening tests or follow-up or more
intensive complex interventions that included screening and multidisciplinary care for those at risk.84,91,92

The review concludes that there is insufficient evidence to support the effectiveness of complex
interventions, but this should be interpreted as a lack of evidence rather than as evidence of no effect.
Our assessment of the risk of bias found the review to be at a low risk.

Screening
Reviewers in Washington, USA, conducted an evaluation of the effect of Semmes–Weinstein
monofilament and other threshold testing in preventing foot ulcers and amputations.69 Their search of
one database from 1985 to 2000 found one RCT84,100 (n = 2001). The trial recruited and screened 2001
people with diabetes mellitus. Those at risk of ulceration were enrolled in a specialist foot care service.
The quality assessment tool that the reviewers used was suitable for assessing the quality of studies
of diagnostic tests. The authors concluded that the Semmes–Weinstein monofilament has excellent
predictive ability for the risk of foot ulceration in diabetes mellitus but that the value of repeated tests
for assessing established neuropathy is unknown.

Mixed interventions
An international group of researchers undertook a SR to determine the effectiveness of interventions
to prevent foot ulceration in people at high risk of ulceration.72 A search of eight databases from
inception until 2014 without restrictions identified 17 RCTs that were relevant to our overview
(n = 3107 people with diabetes mellitus). Randomised and non-randomised studies were eligible for
inclusion. All trial participants were reported to be at risk of ulceration at the time of recruitment.
The assessment of study quality was conducted using the Cochrane risk-of-bias tool. The included
interventions were patient education, self-management, therapeutic footwear, surgical interventions
and integrated foot care. A narrative synthesis was conducted and the authors concluded that there
was no evidence of a preventative effect on the development of a first foot ulcer but that there was
strong evidence that footwear interventions are effective in preventing recurrent foot ulcerations.
This review presents data that appear to be amenable to meta-analysis, but no a priori plan for the
analysis is included in the review methods and the reviewers present their results as a narrative.

Otherwise, this review was judged to be at a low risk of bias.

Researchers from Los Altos, USA, published a SR that evaluated trials of interventions to prevent foot
ulcers in diabetes mellitus.59 The reviewers searched six databases (search dates 1960 to April 2010)
and found eight RCTs (n = 3520). The interventions included enhanced patient education and caretaker
monitoring, therapeutic footwear and insoles, surgical interventions (debridement and surgical Achilles
tendon lengthening) and plantar foot temperature-guided avoidance therapy. No information about
the control interventions was provided. The assessment of trial quality was performed using the
Amsterdam–Maastricht consensus list.111 The reviewers concluded that the foot temperature-guided
avoidance therapy was beneficial and was applicable to similar populations at risk of foot ulceration.

Our assessment of the risk of bias revealed a high risk as a result of restricted search dates, ambiguous
eligibility criteria and the absence of a table of study characteristics.
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A group of researchers from Sheffield, UK, conducted an overview to critically review evidence of the
effectiveness of interventions for treating and preventing DFUs.62 The reviewers stated that it was not
their intention to conduct their review systematically, but because their approach meets the widely
accepted definitions of a SR we included it in our overview.52 The reviewers searched eight databases
(from 1986 to 1996) and identified two RCTs that met our overview criteria (n = 464). The review
focused on trials of education and therapeutic footwear. The assessment of study quality was
conducted using the Jadad checklist.112 The reviewers concluded that, currently, few interventions to
prevent foot ulceration are supported by evidence, but therapeutic shoes appear potentially beneficial.

Our risk-of-bias assessment judged this review to be at a high risk because of the restrictions on search
dates and language.

A SR by researchers based in York, UK, sought to identify effective interventions for the management of
the diabetic foot.18 The reviewers searched eight databases (from 1983 onwards) and identified three
RCTs evaluating preventative strategies that met the eligibility criteria of our overview (n = 2465).
The interventions were patient education, screening for risk assessment and footwear incorporating
an orthotic device and custom-moulded insoles.84,85,92 Quality was assessed using a checklist of four
items: blinding level, baseline comparability, numbers randomised and loss to follow-up. The reviewers
concluded that there is no evidence that foot risk assessment is of benefit and findings about the value
of education are inconsistent.

Our risk-of-bias assessment found that the SR was at a high risk regarding eligibility criteria because
there was insufficient information about the search strategy and the process for selecting studies.

Researchers in Leeds, UK,49 searched 19 databases for studies of preventative interventions for foot
ulceration in diabetes mellitus and found four RCTs84,85,92,93 that met the eligibility criteria of our overview
(n = 2625). The interventions studied were orthoses, education, footwear with custom-moulded insoles,
below-knee elastic stockings and complex interventions including screening. Assessment of study quality
was based on an assembled checklist of items including concealment of allocation, a priori sample size
calculation, baseline comparability of groups, inclusion/exclusion criteria, adequate follow-up period,
withdrawals and follow-up stated with reasons, and intention-to-treat analysis. The reviewers concluded
that there is much uncertainty about the most clinically effective and cost-effective interventions for
the prevention of DFU and that further and more rigorous evaluations are needed. The review strongly
recommended more good-quality RCTs of interventions to prevent and treat foot ulcers in diabetes
mellitus, with concurrent economic evaluations. We judged the risk of bias of this review to be low.

A team in Newcastle upon Tyne, UK, conducted a SR of the effectiveness of pressure-relieving
interventions that was published in the Cochrane Library.50 The reviewers searched 10 databases (search
dates: MEDLINE, 1946 onwards; EMBASE, 1974 onwards; EBSCOhost, 1982 onwards; other databases,
not reported). The searches identified one RCT that met our eligibility criteria (n = 69).85 Study quality
was assessed using a standard checklist that included allocation concealment, intention-to-treat analysis,
loss to follow-up and blinding. The reviewers concluded that footwear and customised insoles provide
some benefit but there was uncertainty about the most beneficial type of orthotic device.

A group of researchers in Cork, Ireland, conducted a SR of the effects of podiatric care on the incidence
of LEAs.63 The reviewers searched four databases (from inception to 2011) and included a single trial
that reported the incidence of foot ulceration as an outcome.94 The intervention was podiatric care at
least once per month and the comparison was ad hoc podiatric. Quality was assessed using a modified
version of the checklist created by Downs and Black.110 The reviewers found insufficient evidence to
determine whether or not contact with a podiatrist can be effective in reducing amputation rates. Our
assessment of the risk of bias found that the exclusion of non-English-language studies was a weakness.
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Discussion

A key step in the process of systematic reviewing is to establish whether a review with the same,
or similar, objectives exists before embarking on a new review.113 In undertaking an overview of SRs
to prevent foot ulceration in diabetes mellitus, we found examples of SRs of varying quality. Those
published in the Cochrane Library were considered to be at a low risk of bias, as was a previous
Health Technology Assessment (HTA) programme-funded review.

Although the 20 reviews do not all share the same scope with regard to interventions or populations
of people with diabetes mellitus, there is a great deal of overlap in the RCTs that they include, and the
majority of reviewers concluded that more primary research is required. Although no robust pooled
estimates of effect were identified, the majority of SRs by researchers globally to identify preventative
interventions for DFUs reflects the high degree of clinical uncertainty among those delivering care and a
clear desire to establish an evidence-based approach to the prevention of foot ulcers.

Many of these SRs were accepted for publication before the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement was widely adopted. The older reviews lacked
features, such as flow diagrams and search strategies, that are now demanded by journal editors,114

and other important items were also absent from many of the reports published since 2009.

Search strategies and date and language restrictions in the database searches plus our own lack of
access to sources of biomedical information from China meant that we could not re-run the searches
and update the reviews to the same point in time. This presented a major barrier to our conducting a
thorough overview of SRs.

Systematic reviews require considerable resources and support from information specialists,
statisticians, experienced reviewers and clinical experts.113 The majority of reviews in this overview
did not report any source of funding, and this may have had a detrimental effect on the reviewers’
ability to conduct the research to the highest methodological standards.

Although one review presented suitable data in a format amenable to recalculating estimates of effect,72

the scope of the review focused on those at high risk of foot ulceration, and we concluded that a new
SR to obtain estimates of effect on a wide population of people with diabetes mellitus was justified.
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Chapter 5 Preventative interventions
for foot ulceration in diabetes mellitus:
a systematic review

Background

Systematic reviews have played an important role in the creation of evidence-based health care,115

and there has been a proliferation in the number published in the biomedical literature since the early
1990s. In Chapter 4, we presented the results of an overview of 20 SRs of interventions to prevent
foot ulceration in diabetes mellitus from which up-to-date and reliable estimates of effect could not
easily be obtained; therefore, we undertook a new SR to produce RRs and 95% CIs with which to
populate an economic model to assess the cost-effectiveness of preventative interventions.

Review question

Aim
The aim was to conduct a SR of the evidence of preventative effects of interventions for foot
ulceration in diabetes mellitus that have been evaluated in RCTs.

Objective
The objective was to produce estimates of the effect of interventions with which to populate an
economic model.

Method

Searches
We searched for eligible RCTs of interventions using search strategies created for Ovid MEDLINE
(from inception to February 2019), Ovid EMBASE and Central Register of Controlled Trials (CENTRAL)
without restrictions (from inception until October 2018). Randomised controlled trials in progress
were identified via the International Standard Randomised Controlled Trial Number (ISRCTN) registry
(searched to February 2019).

Eligibility criteria

Participants
The participants were people of any age with a diagnosis of diabetes mellitus, either type 1 or type 2,
who had participated in RCTs of interventions to prevent foot ulceration in diabetes mellitus.

Interventions
Eligible interventions were considered either simple or, if several interacting components were evident,
complex.116 We defined a complex intervention as an integrated care approach combining two or more
prevention strategies at least two different levels of care: the patient, the health-care provider and/or
the structure of health care. Randomised controlled trials of interventions to manage established
wounds (e.g. dressings) were excluded.

Comparators
We included RCTs that compared the effects of interventions with those of standard care or
active comparators.
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Outcomes

Primary outcomes
The primary outcomes were incident (new) and recurrent foot ulcers reported as binary outcomes
(present or absent):

l absolute numbers of incident ulcers
l absolute numbers of recurrent ulcers.

We accepted a variety of definitions of foot ulceration, including ‘a full thickness skin defect that requires
more than 14 days to heal’,117 or an objective scoring system such as an ulcer classification system.56

Secondary outcomes

l Amputation [minor, intrinsic to the foot (i.e. below the ankle), or major, involving the foot and leg].
l Mortality.
l Gangrene.
l Infection.
l Adverse events.
l Harms.
l Time to ulceration.
l QoL (assessed using the EQ-5D, SF-12 or SF-36).
l Timing of screening.
l Self-care.
l Hospital admissions.
l Psychological (knowledge/behaviour).

Study selection and data extraction

One reviewer screened all RCT titles and abstracts to identify potentially relevant literature. A second
reviewer screened a 10% random sample of the yield. Two reviewers scrutinised the full text of trials
thought to meet the eligibility criteria. Disagreements were resolved by discussion with a third
reviewer. Data were extracted into a review-specific data extraction tool by two reviewers working
independently. The following data were extracted:

l study authors and funders’ details
l study objectives
l eligibility criteria for trial participants
l trial setting, the population, numbers randomised, a description of interventions and comparators,

the included population’s level of risk of ulceration, absolute numbers for the primary outcome,
number of foot ulcers, amputations and secondary outcomes.

Risk-of-bias (quality) assessment
For RCTs, we carried out an assessment of the risk of bias using the recommended items in the
Cochrane Handbook for Systematic Reviews of Interventions.52

Plan for data analysis

For each included trial, we calculated the pooled RRs of effects and 95% CIs using a frequentist
meta-analytical approach with data analysed on an intention-to-treat basis. Trials were weighted in
accordance with the inverse variance method for the dichotomous primary outcome of the review,
namely foot ulceration. Heterogeneity was assessed using the I2 statistic.
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To examine the effects of heterogeneity on patient characteristics, such as baseline risk of foot
ulceration, and trial quality, we intended to use meta-regression techniques when sufficient data
were available.52

Results

Twenty-two RCTs met the review eligibility criteria; the characteristics of the included trials are in
Table 20, the risk-of-bias assessments are in Table 21, the process of selection is presented in Appendix 4,
Figure 51, and a flow diagram showing the flow of literature can be found in Appendix 5, Figure 52. A list
of excluded RCTs is in Table 45 in Appendix 4.

Risk of bias
We identified eight separate interventions:

1. antifungal treatment
2. elastic compression stockings
3. digital silicone device
4. education alone
5. podiatric care
6. digital thermometry
7. complex interventions
8. custom-made footwear and offloading.

Antifungal treatment
One trial evaluating the effect of antifungal treatment was identified by our searches.102 Thirty-four
participants in the intervention group received self-management advice (daily foot inspection) and
antifungal nail lacquer (8% ciclopirax) for daily application, while 36 participants in the control group
received only advice about foot self-inspection. Almost all patients (97%) were male; patients’ mean age
was 70 years, and 57% had experienced previous foot ulcers. Their mean duration of diabetes mellitus
was 12 years, but it was not reported how many had type 2 diabetes mellitus (T2DM). Standard care
was reported to be a preventative care programme and telephone support, but the exact arrangements
for this were unclear. At 12-month follow-up, there were two ulcerations in each group (RR 1.06,
95% CI 0.19 to 5.76). The concealment of the allocation and the blinding of the outcome assessor
were unclear and the trial was rated as being at risk of selection and performance bias. No secondary
outcomes were reported.

Elastic compression stockings
In one RCT evaluating the effect of elastic compression stockings,93 160 participants were randomised
in equal numbers to the intervention or the control group for 48 months. Half of the trial participants
were male; patients’ mean age was 53 years and none had a history of foot ulcers. Their mean duration
of diabetes mellitus was 15 years, but the number with T2DM was not reported. The intervention
group received knee-length elastic stockings with compression at the ankle of 25 mmHg, worn for at
least 6 hours per day. There was a difference in the number of limbs that ulcerated in each group
(three in the intervention group and 10 in the control group), but this did not reach statistical
significance (RR 0.37, 95% CI 0.11 to 1.02). It was unclear how the random allocation was generated,
and the nature of the intervention meant that it was not possible to blind patients to the allocation. The
outcome assessment was not conducted by an investigator blinded to the random allocation, and the trial
was judged to be at risk of selection bias and performance bias.

Secondary outcomes: elastic compression stockings
Thirteen amputations were reported during the 48-month trial: 3 out of 74 in the intervention arm and
10 out of 75 in the control arm.
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TABLE 20 Characteristics of included RCTs

First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Antifungal nail lacquer

Armstrong 2005102 n = 70 (intervention group,
n = 34; control group, n = 36)

Male: 97%

Mean age: 70 years

Previous ulcer: 57%

T2DM: NR

Mean diabetes duration: 12 years

Ulcer risk: high (IWGDF risk
group 2/3)

Intervention: antifungal treatment
(ciclopirox 8%) and self-management
(daily inspection)

Control: self-management (daily inspection)

A staff podiatrist examined each patient
recruited

A clinician-to-staff 24-hour/day foot hotline
with staff familiar with the care and status
of these patients. But it was unclear who
provided training regarding the intervention

Preventative care programme and
telephone support

Ulcers (number of patients),
one or more unexpected visits,
missed appointments, tinea/HK
at the start and end of the
study

All in (%)

12 months

Elastic compression stockings

Belcaro 199293 n = 160 (intervention group,
n = 80; control group, n = 80)

Male: 50%

Mean age: 53 years

Previous ulcers: none

T2DM: NR

Mean diabetes duration: 15 years

Ulcer risk: microangiopathy
measured with laser Doppler,
VPT also measured

Intervention: knee elastic stockings with
compression at the ankle of 25 mmHg
worn at least 6 hours per day while active
and/or working

Control: no stockings (no other information)

Not reported Number of ulcers (%), number
of limbs (n)

Deterioration of
microcirculation

RF (mean and SD)

VAR (median and range)

48 months
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First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Digital silicone device

Scirè 200997 n = 167 (intervention group,
n = 89; control group, n = 78)

Male: NR

Mean age: 56.5 years

Previous ulcers: unclear

T2DM: 88%

Mean diabetes duration: 16 years

Ulcer risk: high (VPT � 25 V)

Intervention: partial digital silicone orthoses
(Podikon®, Saccolongo, Italy) and regular
care at the diabetic foot clinic

Control: no orthoses but regular care at the
diabetic foot clinic

Callus management.

Soft insole and extra-deep shoe

Ulcers (%)

Hyperkeratosis [plantar, dorsal,
interdigital (%)]

Skin hardness (%)

Stable deformities (%)

Podobarometric evaluationa

(pre and post evaluation,
mean and SD)

3 months

Education alone

Monami 201578 n = 121 (intervention group,
n = 61; control group, n = 60)

Male: 60%

Mean age: 71 years

Previous ulcers: 11%

T2DM: 100%

Mean diabetes duration: 15 years

Ulcer risk: high

Participants defined as ‘high risk’
if neuropathy diagnosed, previous
DFUs or foot abnormalities

Intervention: brief educational programme
(2-hour programme provided to groups
of 5–7 patients, 30-minute face-to-face
lesson on risk factors for foot ulcers and
90-minute interactive session with practical
exercises on behaviours to reduce risk)

Control: brief leaflet and standard care

Physician (for 15 minutes) and a nurse
(for the remaining 105 minutes)
provided this

All patients had previously received
standard multidisciplinary education
for diabetes (with a structured group
programme at diagnosis or first contact,
and follow-up meetings every 2 years)

Ulcers at 6 months, amputation,
mortality, knowledge score
(all absolulte numbers)

Time spent for intervention and
ulcer care in control (minutes
per patient)

6 months
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TABLE 20 Characteristics of included RCTs (continued )

First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Gershater 201179 n = 131 (intervention group,
n = 61; control group, n = 70)

Male: 73%

Mean age: 64 years

Previous ulcers: 100%

T2DM: 67%

Mean diabetes duration: NR

Ulcer risk: high (IWGDF)

Intervention: group-session discussions

Foot care education (60 minutes) from a
registered nurse in the diabetes department
including oral and written instructions
based on International Consensus on the
Diabetic Foot118 plus standard care.
Provided by diabetes specialist nurse

Control: standard information, oral and
written instructions, on self-care based
on the International Consensus on the
Diabetic Foot118

Routine care from staff

Adjusted shoes for indoor and outdoor
use and individually fitted insoles

New ulcers

Cause of ulcers (stress, trauma,
other)

Location of ulcer (big toe or
other, plantar, other including
heel)

All in (n) (%)

6 months

Lincoln 200880 n = 172 (intervention group,
n = 87; control group, n = 85)

Male: 67%

Mean age: NR

Previous ulcers: 100%

T2DM: 77%

Mean diabetes duration: NR

Ulcer risk: high (10-g
monofilament, Neurotip™ (Owen
Mumford Ltd, Woodstock, UK),
VPT � 25 V)

Intervention: structured foot care education
session. Provided by general practitioner,
specialist clinic or both – according to
individual circumstances

Control: standard care and the same foot
care leaflets as the intervention group

Regular podiatry and suitable orthoses
when appropriate. Overall medical care
followed national UK guidelines

Incidence of ulcer (n)

Incidence of amputation (n)

QoL (DFS-SF)

Mood (HADS), HAD-A, HAD-D

Protective foot care behaviours
(NAFF)

6 and 12 months
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First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Podiatric care

Plank 200394 n = 91 (intervention group,
n = 47; control group, n = 44)

Male: 56%

Mean age: 65 years

Previous ulcers: 100%

T2DM: 93%

Mean diabetes duration: 16 years

Ulcer risk: high (reduced
sensation assessed by 128-Hz
tuning fork, 5.07-g monofilament)

Intervention: chiropodist care and
standard care

Control: standard care and chiropodist care
only if patient was interested

Instructed on the possible benefits of
regular chiropody care

Ulcers: intention to treat, per
protocol (feet, patients)

Death and amputation (n)

Aggregated end points for all
above (HR, CI, p-value)

12 months

Complex interventions

Cisneros 201090 n = 53 (intervention group,
n = 30; control group, n = 23)

Male: 62%

Mean age: 62 years

Previous ulcers: 28%

T2DM: 96%

Mean diabetes duration:
14.5 years

Ulcer risk: IWGDF risk group
(intervention/control) 1 (6/10),
2 (15/7), 3 (3/3) or 4 (6/3)

Intervention: complex

Four 90-minute sessions of therapeutic
education in groups of eight, two pairs of
protective shoes, testing for neuropathy

Provided by researcher

Control: participants received information
on regular foot care and footwear use
according to spontaneous demand during
the individual consultations with the
researcher

Routine care from staff

Instructions on foot care when requested

Testing for neuropathy

Occurrence (n)

Recurrence (n)

Time until foot ulceration
(survival time)

24 months
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TABLE 20 Characteristics of included RCTs (continued )

First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

LeMaster 2008119 n = 79 (intervention group,
n = 41; control group, n = 38)

Male: 51%

Mean age: 66 years

Previous ulcers: 42%

T2DM: 94%

Mean diabetes duration: 11 years

Ulcer risk: moderate or high

Intervention: complex

Part 1 (1–3 months), physical therapist-led
exercises to strengthen lower extremity
muscles and promote balance over eight
sessions. Part 2 (4–12 months) increased
moderately intense activity by 50% over
12 months among community-dwelling.
Provided by physical therapist and
study nurse

Control: standard care

Foot-related self-care skills education,
daily foot examination. Usual medical care
from participants’ own health-care
providers

Participants referred to local orthotists or
podiatrists to obtain therapeutic footwear
at enrolment

Foot ulcer rates (lesions/lesion
episodes, full-thickness ulcer/
ulcer episode, weight-bearing
full-thickness plantar ulcer/
ulcer episode)

Step activity – person-year at
risk (all means and 95% CIs)

12 months

Liang 201291 n = 62 (intervention group,
n = 31; control group, n = 31)

Male: 56%

Mean age: 56 years

Previous ulcers: 0%

T2DM: 87%

Mean diabetes duration: 11 years

Ulcer risk: ADA risk
category 1/2/3

High risk: 100%

Intervention: session, foot care kit
(foot care cream, 10-g monofilament, a
thermometer for the temperature of the
water for washing feet, alcohol cotton
pieces and a mirror)

Daily foot care, diabetes education classes.
Provided by diabetes nurse-led
multidisciplinary team – three
endocrinologists, four nurses and one
dietitian

Control: standard care

Conventional care alone according to ADA
standards; medication adjustment, foot
assessment, and 2 hours of education
about diabetes foot care

Incidence of foot ulcer (n, %)

Incidence of amputation (n, %)

HbA1c level (mmol, %)

Diabetes knowledge

Foot care behaviour (baseline,
1 year, 2 years; all means
and SDs)

24 months
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First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Litzelman 199392 n = 396 (intervention group,
n = 191; control group, n = 205)

Male: 19%

Mean age: 60 years

Previous ulcers: NR

T2DM: 100%

Mean diabetes duration: 10 years

Ulcer risk: NR

Intervention: patient education sessions,
self-foot care, reinforced through telephone
follow-up (2 weeks) and postcard reminder
(1 month and 3 months)

Informational flow sheets on foot-related
risk factors for amputation in diabetic
patients

Prompts for health-care providers to:

1. ask that patients remove their footwear
2. perform foot examinations
3. provide foot care education

Provided by nurse clinicians

Control: care as usual plus standard care

1 year after the initial assessment, all
patients underwent a repeated history
and physical examination, performed by
nurse clinicians blind to patients’
randomised allocation

Patient outcomes: patient
behaviour (5-point scale)

Behaviour of health-care
provider

Physical findings (ulcers,
physical examination, dry/
cracked skin, corns, calluses,
ingrown nail, fungal infections,
improperly trimmed nails, foot/
leg cellulitis, leg deformity,
sensory examination)

12 months

McCabe 199884 n = 1997 (intervention group,
n = 997; control group, n = 1000)

Male: 53%

Mean age: 60 years

Previous ulcers: unclear

T2DM: 80%

Mean diabetes duration: NR

Ulcer risk: low, moderate, high

ABI � 0.75, history of foot
ulcers = high risk

Intervention: primary foot screening
examination, the biothesiometer and
palpation of pedal pulses

Foot pressures, subcutaneous oxygen levels,
ABIs and radiography, and weekly diabetic
foot clinic for high-risk patients. Provided
by general diabetic outpatient clinic

Control: patients were silently tagged and
continued to attend the general outpatient
clinic but received no special care

Patients were advised to inspect and
wash their feet daily, to avoid wearing
constricting clothing and footwear, to
wear prescribed footwear at all times and
to contact the clinic whenever they felt it
to be necessary

Patient outcomes [ulcer
(number of patients), ulcer
progressing to amputation (%),
amputation (%)], process
outcomes [screening cost (£),
compliance with follow-up/
treatment (%)]

24 months
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TABLE 20 Characteristics of included RCTs (continued )

First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Digital infrared thermometry

Armstrong 200789 n = 70 (intervention group, n = 34,
control group, n = 36)

Male: 97%

Mean age: 70 years

Previous ulcer: 57%

T2DM: NR

Mean diabetes duration: 13 years

Ulcer risk: high (IWGDF risk
group 2/3)

Intervention: infrared dermal thermometry
and a complex intervention. Attending
physicians provided this

Control: a complex intervention only

Therapeutic footwear, diabetic foot
education, regular foot care

Footwear, education and professional
foot care

Ulcers (n, %)

Rate of ulcer (HR)

Temperature difference at ulcer
site (survival curve)

18 months

Lavery 200487 n = 85 (intervention group,
n = 41; control group, n = 44)

Male: 49%

Mean age: 55 years

Previous ulcers: 41%

T2DM: NR

Mean diabetes duration: 14 years

Ulcer risk: IWGDF risk group 2/3

Intervention: infrared skin thermometer and
a complex intervention provided by treating
physician – evaluation, nurse case manager –
contact and podiatrist follow-up

Control: a complex intervention – foot
evaluation by a podiatrist every
10–12 weeks, therapeutic footwear,
diabetic foot education

Footwear, education and professional
foot care

Foot complication: ulcers,
Charcot foot, infection and
amputation (n)

QoL [pre and post physical
functioning, role physical, bodily
pain, general health, vitality,
social functioning, role
emotional, mental health
(SF-36 scores)]

6 months
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First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Lavery 200788 n = 173 (intervention group,
n = 59; intervention group 2,
n = 56, control group, n = 58)

Male: 54%

Mean age: 65 years

Previous ulcers: 100%

T2DM: 95%

Mean diabetes duration: 13 years

Ulcer risk: high (10-g
monofilament, VPT � 25 V,
palpation of pulses, Doppler,
ABI � 0.07)

Digital infrared skin thermometer and a
complex intervention. Study nurse for
contact, treating physician for foot
evaluations, podiatrist for assessing
shoes/insoles

Intervention 1: enhanced care

Intervention 2: structured care

Control: standard care

Lower extremity evaluation, education
programme, therapeutic insoles and
footwear. All participants received a
pedometer to record their daily activity in
a log book. Patients told to inspect their
feet daily and to contact a nurse if
need be

Foot ulcers

Foot trauma

Fracture

Death

Osteomyelitis but no ulcer
(all in n %)

Time to ulcerate (mean and SD)

15 months

Skafjeld 2015120 n = 41 (intervention group,
n = 21; control group, n = 20)

Male: 56%

Mean age: 58 years

Previous ulcers: 100%

T2DM: 71%

Mean diabetes duration: 18 years

Ulcer risk: IWGDF risk group 3

Intervention: foot skin temperature
monitoring, theory-based counselling,
contact study nurse if increase in
temperature for more than 2 days.
Study nurse provided this

Control: standard care

Foot care, daily recording of observations,
customised footwear

Incidence of foot ulcer

Increased skin temperature

Use of customised footwear
> 12 hours/day

Patients contacted study nurse
(worried, ulcer, foot ulcer)
(all n %)

12 months
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TABLE 20 Characteristics of included RCTs (continued )

First author and
year of publication, Population characteristics

Details of experimental interventions and
control interventions Standard care

Outcome (unit of analysis)
and length of follow-up

Custom-made footwear and offloading

Bus 201399 n = 171 (intervention group,
n = 85; control group, n = 86)

Male: 82.5%

Mean age: 62 years

Previous ulcers: 100%

T2DM: 71%

Mean diabetes duration: 17 years

Ulcer risk: high (assessed with
10-g monofilament and vibration
perception plus dorsalis pedis tests)

Intervention: custom-made footwear of
which the offloading properties were
improved and subsequently preserved
based on in-shoe plantar pressure
measurement and analysis. Local
specialist provided the footwear and
local orthopaedic shoe technician
manufactured the footwear

Control: custom-made footwear that was
not improved based on in-shoe pressure
measurement (i.e. usual care)

Each patient received written and verbal
instructions on foot care and on proper
use of footwear. All footwear in both
study groups was evaluated at delivery
and at 3-month follow-up visits (pressure
measurements, temperature monitor and
activity monitor)

Ulcer recurrence (patients with
ulcer, previous ulcer location,
complicated foot ulcers)

Ulcer recurrence according to
adherence, non-ulcerative
lesions (all in n %)

In-shoe peak pressure,
daily step count, adherence
(mean and SD)

18 months

Reiber 200286 n = 400 (intervention group 1,
n = 121; intervention group 2,
n = 119; control group, n = 160

Male: 77%

Mean age: 62 years

Previous foot ulcers or infection
requiring antibiotics: 100%

T2DM: 93%

Mean diabetes duration:

l < 6 years: 33%
l 6–24 years: 11%
l � 25 years: 56%

Ulcer risk: high (assessed by 10-g
monofilament and presence of
foot deformity)

Therapeutic shoes with two types of inserts
and standard care. Study pedorthist
provided this and panel of three foot care
specialists evaluated

Intervention 1: three pairs of therapeutic
shoes and customised medium-density cork
inserts with a neoprene closed cell cover

Intervention 2: three pairs of therapeutic
shoes and prefabricated, tapered polyurethane
inserts with a brushed nylon cover

Control: usual footwear and standard care

Participants continued to receive regular
health care and foot care from the VA or
GHC. No participants received such
education or care at the study site. A
lightweight terry-cloth house slipper (Tru
Stitch Footwear Inc., Malone, NY, USA)
with no internal seam and textured sole
was designed for all participants to use to
minimise differences in out-of-shoe
exposure

Lesions and ulcers (ulcers, non-
ulcerative, total, person-years
of follow-up)

Incidence per person (number
of persons � 1 ulcer, cumulative
incidence per person, risk ratio)

Incidence per person-year
(ulcer and ulcer episode –
total number, incidence rate,
risk ratio)

Pivotal events for ulcer
episodes (shoe and non-shoe
related). All in (n and 95% CI)

24 months
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