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Abstract

This systematic review and meta‐analysis pooled evidence from randomised

controlled trials (RCTs) on the effectiveness of educational programs for people

with or at risk of diabetes‐related foot disease (DFD). A systematic search identified

RCTs evaluating the effectiveness of educational programs in preventing or man-

aging DFD. The primary outcome was risk of developing a foot ulcer. Secondary

outcomes included any amputation, mortality, changes in cardiovascular risk factors,

foot‐care knowledge and self‐care behaviours. Meta‐analyses were performed using
random effects models. Risk of bias was assessed using Cochrane's ROB‐2 tool.

Education programs were tested in 29 RCTs (n = 3891) and reduced risk of a foot

ulcer by approximately half although the upper 95% confidence interval (CI)

reached 1.00 (odds ratio [OR], OR 0.54; 95% CI 0.29, 1.00, I2 = 65%). Education

programs reduced risk of any amputation (OR 0.34; 95% CI 0.13, 0.88, I2 = 38%) and

HbA1c levels (standardized mean difference −0.73; 95% CI −1.26, −0.20, I2 = 93%)

without affecting all‐cause mortality (OR 1.09; 95% CI 0.57, 2.07, I2 = 0%). Edu-

cation programs mostly significantly improved DFD knowledge (13 of 16 trials) and

self‐care behaviour scores (19 of 20 trials). Only one trial was deemed at low risk of

bias. Previously tested education programs have mostly effectively improved par-

ticipants' knowledge and self‐care behaviours and reduced risk of foot ulceration

and amputation. Larger high quality trials with longer follow‐up are needed.
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1 | INTRODUCTION

Diabetes‐related foot disease (DFD) incorporates a range of com-

plications, including foot ulcers and infections, affecting an estimated

20% of people with diabetes at some point in their life.1 DFD has a

detrimental effect on quality of life,2 and carries a high risk of mor-

tality, with 5‐year mortality being 2.5 times higher than people with

diabetes without DFD, and is over 70% for those with a DFD‐related
lower limb amputation.1

Treatment and prevention of DFD requires patients with diabetes

to be integrally involved in their own health care. Patients usually

receive education aimed at improving their knowledge about man-

agement, promoting their adherence to prescribed treatments, and

participation in daily foot care activities.3,4 The International Working
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Group on Diabetic Foot (IWGDF) guidelines recommend a structured

education programme delivered by a member of the health care team

to patients individually or in small groups.4,5 Several previous reviews

have attempted to examine the value of such educational programs

but have lacked meta‐analyses,6,7 or focused only on foot ulceration

and amputation, omitting key outcomes related to the effectiveness of

educational interventions such as their effect on patient knowledge

and self‐care behaviours.3,8–10 These previous analyses of a limited

number of randomised controlled trials (RCTs) all found that educa-

tional programs trialled so far have insufficient evidence of their

effectiveness.3,7,9,10 There is therefore widespread uncertainty about

the value and best mode of delivery of DFD education.11–16

The aim of this systematic review and meta‐analysis was to

assess the effectiveness of DFD‐specific educational interventions on
a wider range of DFD‐related outcomes, including not only foot ulcer
risk, but also ulcer healing, infection, amputation, mortality, modifi-

able risk factors, DFD‐knowledge, foot self‐care behaviours, health‐
related quality of life (HRQOL), and anxiety and depression. This

was achieved through analysis of RCTs that tested any form of DFD‐
focused educational programme in people with or at risk of DFD.

2 | METHODS

This systematic review and meta‐analysis was conducted according

to the Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) guidelines,17 and was registered with PROSPERO

(CRD42021275610).

2.1 | Search strategy

The PubMed, MEDLINE (Ovid), CINAHL and Cochrane Library data-

bases were searched for English language articles describing RCTs

testing educational interventions for people with DFD. The search

string was developed by two authors (AD and LS) and last run on the 8

December 2022 with no start date restriction. The search string

combined three term groups using the Boolean operators ‘AND’ and

‘OR’; (1) ‘diabetes’ terms (e.g. diabetes), (2) ‘DFD’ terms (e.g. ulcer), and

(3) ‘education’ terms (e.g. knowledge). The full search string is detailed

in Supporting Information S1: Appendix 1. Reference and citation lists

of eligible studies and identified systematic reviews were manually

searched to identify additional articles not captured by the search

strategy.

2.2 | Study selection

Eligible articles were published RCTs that evaluated the effect of

DFD‐focused educational interventions aimed at improving the

knowledge and/or self‐care behaviours of adults aged ≥18 years old

diagnosed with diabetes. Excluded articles were non‐RCTs, RCTs that
described educational interventions that were more widely targeted

at improving diabetes knowledge, and RCTs where DFD education

was only a minor component of the study intervention. Two authors

(AD and LS) independently screened each article from the search

strategy with the third author (JG) resolving disagreements. The

primary outcome was the risk of diabetes‐related foot ulcer. Sec-

ondary outcomes were foot ulcer healing, infection, any amputation,

mortality, modifiable cardiovascular risk factors (HbA1c, low‐density
lipoprotein [LDL]‐cholesterol, and systolic and diastolic blood pres-

sure), participant knowledge about DFD, DFD‐related self‐care be-

haviours, HRQOL, and anxiety and depressive symptoms.

2.3 | Evaluation of risk of bias

Methodological quality and potential bias of included studies were

assessed independently by two authors (AD, LS) using the Cochrane

collaboration Risk of Bias (ROB)‐2 tool for RCTs.18 Risk of bias tables

were created to summarise the risk of bias for the five individual

domains in the ROB‐2 tool as ‘Low risk’ of bias; ‘Some risk’ of bias, or

‘High risk’ of bias. These domains were used to judge the overall risk

of bias for each included study. A study was deemed at ‘low risk’ of

bias if all domains were judged as low risk, at ‘some risk’ of bias if one

or more domains were judged to be at some risk but none were

judged as high risk, and ‘high risk’ of bias if one or more domains were

judged to be at high risk.18 Following independent evaluation of each

study, discussions were held between the two assessors to arrive at

final consensus on the overall risk of bias. If consensus could not be

reached, another author (JG) was consulted to act as a third inde-

pendent assessor to reach consensus on the risk of bias.

2.4 | Data extraction

Standardised data extraction tables were developed to extract the

following data from each study: title, authors, year published, country

of publication, participant inclusion and exclusion criteria, number of

participants in the intervention and control groups, duration of

follow‐up, loss to follow‐up, the type of intervention and intervention
setting, participant characteristics, details of the control manage-

ment, the number of participants screened and excluded, the primary

and secondary outcomes, study limitations, and additional relevant

information. Of interest were the methods of communication be-

tween the study team and participants, specifics of the education

interventions delivered, persons delivering the interventions, partic-

ipant acceptability of the education, and feasibility and cost‐
effectiveness analyses. Two authors (AD and LS) extracted the raw

data, with disagreements resolved with the third author (JG).

2.5 | Data analysis

Numerical data were reported as mean and standard deviation (SD) or

median and interquartile range, and categorical data as number and

percentage. Meta‐analyses were performed for primary and second-

ary outcomes where at least three studies reported relevant data.
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Meta‐analyses were conducted using the Mantel‐Haenszel statistical
method and random effects models anticipating significant hetero-

geneity. Results are reported for specific outcomes and include odds

ratio (OR) and 95% confidence intervals (CI) or standardized mean

difference (SMD) and 95% CI. All statistical tests were two‐sided, and
a p‐value <0.05 was considered statistically significant.

Heterogeneity was assessed using I2 statistic values (0%–49%:

low, 50%–74%: moderate, and 75%–100%: high).19 Leave‐one‐out
sensitivity analyses assessed the impact of each study by excluding

individual studies and recalculating the remaining pooled estimates.

Sub‐group analyses were performed to evaluate the impact of: length
of follow‐up (≤12 months vs. >12 months), study quality (‘low risk’

and ‘some risk’ of bias vs. ‘high risk’ of bias), number of educational

sessions (single vs. multiple), risk of DFD (very low, low and moderate

risk vs. high risk), and participant foot ulcer history (no history vs.

active or past foot ulcers).

Risk of DFD was based on the 2019 IWGDF guidelines.4 Partici-

pants of included trials were considered high risk if inclusion criteria

included a past history of foot ulceration, lower‐extremity amputation
or end‐stage renal failure (ESRF). Trials including people with active

DFD were also considered to have involved high‐risk participants.

Where inclusion criteria were not reported (NR) participants were

considered low risk. Publication bias was assessed by funnel plots

comparing the summary estimate of each study and its precision (1/

standard error) where at least 10 studies were included.20 All analyses

were conducted using Review Manager (RevMan) v5.3 (Copenhagen:

Nordic Cochrane Centre. The Cochrane Collaboration, 2014).

3 | RESULTS

3.1 | Search results and study characteristics

Of 2424 unique records identified from the search strategy, 74 un-

derwent full‐text review, and 29 were found to be eligible for in-

clusion (Figure 1 and Table S1).21–49 The 29 eligible RCTs included

3891 participants from 16 countries, with sample sizes of 40 to 749

participants, and had follow‐up durations ranging from 2 weeks to

26 months. Five studies recruited participants with active foot ul-

cers,25,32,37,48,49 six trials included past ulcer amongst the inclusion

criteria,30,33,35,36,40,45 one trial included participants with ESRF and in

the remaining trials the reporting of inclusion and exclusion criteria

was very limited but did suggest high‐risk participants were included
(Table 1 and Table S2). Overall 12 trials were considered to have

included participants at high risk of DFD25–27,30,32,34–38,40,48,49 (Ta-

ble 1). Authors of five studies were contacted for additional

data,21,24,25,42,49 but none responded.

3.2 | Description of interventions

The education programs were diverse, ranging from short, sin-

gle individualised education sessions to multiple comprehensive

group‐based sessions (Table 2 andTable S3). Thirteen studies provided

a single education session of up to 2 h duration, nine delivered to in-

dividual participants,22,24,27,32,34–36,44,48 including two in the partici-

pants' homes,27,35 and four delivered a single education session to

a group of participants.30,37,40,42 Ten included multiple group

sessions,21,23,25,26,29,31,34,39,43,49 and one delivered multiple individu-

alised one‐on‐one sessions to dialysis patients.38 One was a transi-

tional care programme with individualised education,36 and one used

text messaging for education.41 All programs included education on

foot care activities, such as washing, drying, and inspecting the

feet, toenail cutting, suitable footwear and water temperature, with

11 programs providing supervised practice of some of these

activities.21,22,25,27,29,31,34,40,42,46,49 Most15 programs also included

education on how diabetes affects the feet.21–23,25,26,29,30,35–

37,39,40,42,43,46 Some programs included education on blood glucose

control,23,26,38–41,43,44,49 provided written materials on DFD

care,22,25,29,30,35,42,44,46,48 advice on healthy lifestyle (diet, exercise,

weight management),21,23,25,38,39,43,49 support in overcoming barriers

to foot care,21,24,29,31,32,42 advice on adhering tomedications,23,39,43,49

and psychological support or stress management.21,25,29,49 Three

studies provided foot care kits with resources needed for good foot

health, such as nail clippers, moisturisers, 10 g monofilament, mirror

and thermometer.34,42,46 Four programs also contacted participants

by phone to answer questions, reinforce knowledge, andmotivate foot

care behaviours,31,35,42,48 two provided offloading footwear,26,30 and

one implemented an instant messaging group to allow participants,

physicians and nurses to instantly communicate.25

3.3 | Control groups

Nineteen studies indicated ‘usual’, ‘routine’, or ‘standard care’ was

provided to participants assigned to the control groups, with vary-

ing levels of description as to what this level of care

involved.21,22,25,26,29,30,32,34–42,44,46,49 Of these, five studies simply

indicated ‘standard care’ or ‘routine care’ with no further descrip-

tion,22,29,39,41,46 one study delivered group‐based diabetes education

sessions with a minor emphasis on foot care,21 eight provided edu-

cation on general diabetes care such as insulin use and blood glucose

measurement,25,34,37,38,40,42,44,49 two provided footwear and in-

structions on foot care,26,30 one provided wound care education,32

one provided an information leaflet,35 and one provided educa-

tion on foot care.36 Five studies did not report on the manage-

ment of the control group,23,24,31,43,48 and one reported ‘no

education’.27

3.4 | Risk of bias of included trials

Overall, 14 trials were deemed to be at high risk of

bias,23,24,26,29,30,32,34,36,37,42,45,47–49 14 as having some risk of

bias,21,22,25,27,28,31,33,38–41,43,44,46 and only one as low risk of bias

(Figure 2).35 A high risk of bias was commonly identified with the

methods of randomisation, lack of allocation concealment, inappro-

priate analyses, missing data, and uncertainty on the integrity of
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outcome assessment (Table S4). Publication bias could not be assessed

due to the small number of studies reporting on each outcome.

3.5 | Effectiveness of education programs

3.5.1 | Foot ulcer risk

A meta‐analysis of eight trials (intervention n = 609; control n = 623)

found that the risk of a foot ulcer was halved by the education

programs, but the upper CI was 1.00 (OR 0.54; 95% CI 0.29–1.00;

moderate heterogeneity, I2 = 65%, Figure 3A; Table S5).23,26,30,34–

37,40 Sensitivity analyses showed that there was no substantial

change in OR or heterogeneity with removal of any individual study

(Table S6). Sub‐group analyses suggested that findings were not

substantially changed by differences in length of follow‐up, risk of

bias, number of educational sessions, or participants' risk of DFD,

though was according to participant history of foot ulcers

(Figures S1–S7). Neither trial that provided offloading footwear to

participants found a significant reduction in foot ulcer risk.26,30 One

education programme that provided a foot care kit reported that it

significantly reduced the risk of a foot ulcer.34

3.5.2 | Foot ulcer healing and infection

One study included participants with current foot ulcers and found

that a self‐ and family‐based management support programme

F I GUR E 1 PRISMA flow diagram of the search results and number of eligible articles included. PRISMA, Preferred Reporting Items for

Systematic Reviews and Meta‐Analyses.
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significantly improved wound healing (p < 0.001).49 One trial re-

ported that the education programme significantly reduced the risk

of foot infection.37

3.5.3 | Any amputation

A meta‐analysis of six trials (intervention n = 467; control n = 454)

found that the education programs significantly reduced the risk of

any amputation (OR 0.34; 95% CI 0.13–0.88, low heterogeneity,

I2 = 38%; Figure 3B). Sensitivity analyses showed that there was no

substantial change in OR or heterogeneity with removal of any in-

dividual study (Table S7). Sub‐group analyses suggested that findings

were not substantially changed by differences in length of follow‐up,
risk of bias, number of educational sessions, or participants' risk of

DFD, though was according to participant history of foot ulcers

(Figures S8–S14).

3.5.4 | Mortality

A meta‐analysis of 10 trials (intervention n = 532; control n = 542)

found the education programs did not affect the risk of mortality (OR

1.09; 95% CI 0.57–2.07, low heterogeneity, I2 = 0%, Figure 3C).

Sensitivity and sub‐group analyses did not substantially affect find-

ings (Table S8 and Figures S15–S21).

3.5.5 | Modifiable cardiovascular risk factors

Of the risk factors of interest, only HbA1c was reported frequently

enough to meet criteria for meta‐analysis, with blood pressure re-

ported in two trials and total cholesterol and body mass index re-

ported in one trial.36,40 A meta‐analysis of six trials (intervention

n = 484; control n = 488) found the education programs significantly

reduced HbA1c (SMD −0.73; 95% CI −1.26, −0.20, moderate het-

erogeneity, I2 = 93%, Figure 3D).23,34,36,38,40,41 Sensitivity and sub‐
group analyses did not substantially affect the SMD (Table S9 and

Figures S22–S28). Two of the four programs that included blood

glucose education significantly reduced HbA1c.38,41 Two trials re-

ported on other modifiable risk factors, one which found that total

cholesterol, LDL‐cholesterol, high‐density lipoprotein cholesterol,

and triglycerides were not significant improved compared to control,

but found that systolic and diastolic blood pressure were significantly

improved.36 The other trial found that systolic and diastolic blood

pressure were not significantly improved compared to control.40

3.5.6 | DFD knowledge and self‐care behaviours

Thirteen of 16 trials found that the education programs significantly

improved DFD knowledge scores at the final follow‐up, but meta‐
analysis was not possible due to heterogeneity in measurement toolsT
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used (for example the Diabetes Foot Knowledge Questionnaire

and the Modified Diabetic Foot Care Knowledge Question-

naire).21,22,24,27,28,31,32,34,36,38–41,43,44,46 One trial with high‐risk par-

ticipants32 and two trials with lower risk participants24,44 reported

that the education intervention tested did not significant improveDFD

knowledge. Nineteen of 20 trials reported the education programs

significantly increased participant DFD self‐care behaviours butmeta‐
analysis was not possible due to heterogeneity in measurement tools

used (for example the Foot Self‐Care Behaviour Scale and the Foot

Care Practices Questionnaire).21,22,24,27–29,31–35,38,39,41,42,44–47,49

F I GUR E 2 Risk of bias outcomes for each
randomised controlled trial included.
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F I GUR E 3 (A) Forest plot showing the effect of educational programs on risk of foot ulcers in people with diabetes‐related foot disease.

(B) Forest plot showing the effect of educational programs on risk of any amputation in people with diabetes‐related foot disease. (C) Forest
plot showing the effect of educational programs on risk of all‐cause mortality in people with diabetes‐related foot disease. (D) Forest plot
showing the effect of educational programs on HbA1c control in people with diabetes‐related foot disease.
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One trial with lower risk participants found no significant improve-

ment in DFD self‐care behaviours.24 Two studies found a positive

correlation between DFD knowledge and DFD self‐care behaviours

(p = 0.00321 and p < 0.01).24 All 10 trials that included super-

vised practice of foot care activities found the education pro-

grams significantly improved both DFD knowledge and self‐care
behaviour.

3.5.7 | HRQOL, anxiety and depression

HRQOL was measured in five trials using the Diabetic Foot Scale,35

the Diabetes Quality of Life tool,36 an adapted Diabetes Form 2.1,38

the modified Foot‐Specific Quality of Life tool,46 or the Short‐Form‐
36.48 Three of the five trials reported the education programme

significantly improved HRQOL.36,38,48 One trial reported the educa-

tion programme significantly reduced symptoms of anxiety and

depression while another reported no significant effect.25,35

4 | DISCUSSION

This meta‐analysis suggests that education programs increase

knowledge about DFD, increase foot self‐care behaviours, improve

control of blood glucose andmay reduce the risk of foot ulcers and any

amputation. Further data from large high quality trials is required to

confirm these findings because only one trial was considered low risk

of bias,35 many trials did not provide data for the meta‐analyses and
heterogeneity between trials was substantial. Most trials had con-

cerns with the randomisation process or blinding and has small sample

sizes. The incidence of foot ulceration and any amputation were only

available for eight and six trials respectively. No trials reported on the

type of amputation. Importantly, the upper limit of the 95%CI reached

1.00 for the meta‐analysis on foot ulcer risk. Larger high quality trials
are needed to rigorously test the benefit of education programs.

Further research is also needed to clarify the key components of ed-

ucation programs, and how the programs are best delivered. Educa-

tion programs varied in terms of whether they included education on

blood glucose management, medication advice, daily foot care activ-

ities and free equipment such as offloading footwear and foot care

kits. Due to the lack of outcome reporting it was not possible to

perform sub‐group analyses to examine which components of the

education programs appeared to be most influential.

While most studies reported that participant knowledge on DFD

increased as did their self‐care behaviours, few studies reported both

on foot ulcer incidence and DFD knowledge and self‐care behaviours,
making clear alignment of these subjective and objective outcomes

difficult. Most trials had a short follow‐up period and thus the longer‐
term effects of the education programs are unclear. The management

of control groups within the included trials was heterogeneous with

some involving aspects of DFD education. Thus participants in the

control groups may have altered their behaviour and risk of foot

ulceration and amputation due to enrolment in the trials.50 Limited

description of the control groups was also noted, which has been

noted as an ongoing limitation of behavioural and social science

studies.51 The two studies with the longest follow‐ups of 24 months

that reported on both foot ulceration and DFD knowledge or self‐
care behaviours found significant reductions in foot ulcer risk

compared to the control groups.34,36 Both of these studies included

high‐risk participants and provided comprehensive educational ses-

sions covering a range of topics related to foot care.34,36 However,

both of these studies were deemed to be at a high risk of bias.

Previous research involving surveys and interviews of health

professionals with experience in treating DFD suggest that education

programs need to deliver clear, structured and consistent informa-

tion through a case manager.52–54 These findings align with the

IWGDF guidelines, which recommend that education is repeated, and

provided individually or in small groups.4 One study in this meta‐
analysis used text messages to educate participants, which signifi-

cantly reduced HbA1c and improved DFD knowledge and self‐care
behaviours, highlighting the potential for telehealth as a medium

for patient education.41 Prior reviews suggest that telehealth may be

effective in monitoring and managing modifiable risk factors, moni-

toring the feet and prompting accelerated or advanced care in people

with diabetes.9,55–57 Health professionals and patients had a positive

view on telehealth and were willing to incorporate digital technolo-

gies into standard care.56,57 These findings suggest that telehealth

can be an effective means to deliver education programs.

There are a number of strengths and limitations of this system-

atic review. Strengths include the large number of RCTs included and

the systematic approach.17,18 Sensitivity and sub‐group analyses

were used to test the consistency of findings. Limitations included

restricting eligibility to articles only in English, inability to perform

meta‐analyses for all outcomes and the heterogeneity in the design

of the tested programs and the included trials. Marked heterogeneity

was noted for most outcomes likely attributable to variation in the

included populations, different study designs (e.g. varying follow‐up)
and distinct interventions tested.

5 | CONCLUSIONS

This systematic review and meta‐analysis suggested that previously

tested education programs increase participants' knowledge about

DFD, increase participants' capacity in performing foot care activ-

ities, improve control of blood glucose and may reduce the risk of

foot ulcers and any amputation. Further research is needed to

identify which types of education programs are most effective, and if

they are truly able to reduce the risk of DFD‐related complications.
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