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Abstract 

Background: Reliable evidence on the effectiveness of interventions to prevent diabetes-related foot ulceration is 
essential to inform clinical practice. Well-conducted systematic reviews that synthesise evidence from all relevant trials 
offer the most robust evidence for decision-making. We conducted an overview to assess the comprehensiveness 
and utility of the available secondary evidence as a reliable source of robust estimates of effect with the aim of inform-
ing a cost-effective care pathway using an economic model. Here we report the details of the overview. [PROSPERO 
Database (CRD42016052324)].

Methods: Medline (Ovid), Embase (Ovid), Epistomonikos, Cochrane Database of Systematic Reviews (CDSR), Data-
base of Abstracts of Reviews of Effectiveness (DARE), and the Health Technology Assessment Journals Library were 
searched to 17th May 2021, without restrictions, for systematic reviews of randomised controlled trials (RCTs) of pre-
ventive interventions in people with diabetes. The primary outcomes of interest were new primary or recurrent foot 
ulcers. Two reviewers independently extracted data and assessed the risk of bias in the included reviews.

Findings: The overview identified 30 systematic reviews of patient education, footwear and off-loading, complex 
and other interventions. Many are poorly reported and have fundamental methodological shortcomings associated 
with increased risk of bias. Most concerns relate to vague inclusion criteria (60%), weak search or selection strategies 
(70%) and quality appraisal methods (53%) and inexpert conduct and interpretation of quantitative and narrative 
evidence syntheses (57%). The 30 reviews have collectively assessed 26 largely poor-quality RCTs with substantial 
overlap.

Interpretation: The majority of these systematic reviews of the effectiveness of interventions to prevent diabetic 
foot ulceration are at high risk of bias and fail to provide reliable evidence for decision-making. Adherence to the core 
principles of conducting and reporting systematic reviews is needed to improve the reliability of the evidence gener-
ated to inform clinical practice.
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Background
Diabetes mellitus is a major global public health problem. 
In 2019, 463 million adults around the world were living 
with diabetes and projections predict an increase in prev-
alence to 578 million by 2030 and 700 million by 2045 [1]. 
In the UK alone it is estimated that 5 million people will 
have diabetes by 2030 [2]. People with diabetes are more 
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at risk of developing foot problems with those affected 
experiencing higher rates of foot ulceration, lower-limb 
amputation and premature death [3, 4]. The healthcare 
costs of diabetic foot ulcers and amputations to the NHS 
in England has been estimated at between £837 and £962 
million, almost 1% of the NHS budget, with more than 
90% of that expenditure related to ulceration [3].

Reliable evidence on the clinical effectiveness of pre-
ventive interventions is imperative to design effective 
care pathways that can reduce the risk of foot ulceration 
and its adverse consequences for people with diabetes 
and the associated healthcare costs. As part of a wider 
research project to develop an evidence-based care path-
way we sought to obtain numerical estimates of effect 
from randomised controlled trials (RCTs) of interven-
tions to prevent diabetic foot ulceration as RCTs have 
the advantage over other study designs when evaluating 
interventions because only a randomly allocated control 
group comparison can prevent systematic differences 
at baseline influencing the results and support reliable 
claims about cause and effect [5, 6].

Systematic review methods are widely used to sum-
marise the evidence generated by multiple individual 
primary studies of alternative interventions to support 
decision-making and inform clinical practice, guide-
lines and health policy [6, 7]. Well-conducted systematic 
reviews based on explicit methods that identify, appraise 
and summarise the findings from all relevant primary 
studies of the same and alternative interventions can 
determine which results are sufficiently reliable to inform 
practice and provide more accurate estimates of effect 
than individual studies alone. It is however becoming 
increasingly common to find multiple systematic reviews 
in the published literature that address the same clinical 
questions [8, 9]. In this situation an overview can pro-
vide a comprehensive summary of the evidence base and 
reduce the research duplication and waste that is gener-
ated by conducting unnecessary additional reviews [10, 
11]. Overviews have a similar structure and methodology 
to systematic reviews but include reviews rather than pri-
mary studies [12].

Several published systematic reviews of preventative 
interventions for foot ulceration in diabetes are known 
to exist, some of which reach conflicting conclusions [13, 
14]. We conducted an overview to assess the comprehen-
siveness and utility of the available secondary evidence as 
a reliable source of robust estimates of effect with the aim 
of informing a cost-effective care pathway using an eco-
nomic model, based on numerical data [5]. Although we 
identified 19 systematic reviews (one of which had been 
updated) limitations in scope, overlap and quality meant 
we had to undertake an additional systematic review in 
order to make the best possible use of the available data 

[14]. The purpose of this overview is to update the origi-
nal searches for eligible reports and to consider the qual-
ity and reliability of systematic reviews of preventative 
interventions for foot ulceration in diabetes.

The overview protocol was registered on the 
PROSPERO Database (registration number: 
CRD42016052324).

Methods
The literature search, selection and appraisal methods are 
summarised here and reported in detail elsewhere [5].

Search strategy
A librarian (MS) developed strategies to identify system-
atic reviews in Medline OVID and Embase OVID (ini-
tially from inception to December 2019 then re-run to 
update the searches until 17th May 2021) without restric-
tions. The first searches were de duplicated using Ref-
Works. The electronic search strategies were informed 
by the strategies reported elsewhere [11] and include 
methodological search terms (see Additional file 1: sup-
plementary files). The Cochrane Database of Systematic 
Reviews (CDSR), the Database of Abstracts of Reviews 
of Effectiveness (DARE), and the Health Technology 
Assessment (HTA) Journals Library and (for the update 
search only, Epistomonikos) were also searched. System-
atic reviews in progress were identified via PROSPERO 
(https:// www. crd. york. ac. uk/ prosp ero/) and checked for 
subsequent completion or publication. Reference lists in 
all eligible reviews were browsed for additional relevant 
reviews. Additional data and clarifications about their 
reviews were sought from review authors.

Eligibility criteria
Systematic reviews of RCTs of interventions to prevent 
foot ulceration in people with type 1 or type 2 diabetes 
whether at high, medium, or low risk, with or without 
a history of foot ulceration but no existing foot ulcers 
at baseline were eligible for inclusion. The outcomes of 
interest were incident primary or recurrent foot ulcers 
and Lower Extremity Amputations (LEA) derived from 
RCTs comparing single-component or complex inter-
ventions (comprising several interacting components 
provided together) with standard care or alternative 
interventions. We excluded reviews of surgical proce-
dures. Systematic reviews that included RCTs and other 
study designs were eligible for inclusion but only data 
from the relevant RCTs was used for the purpose of the 
overview.

https://www.crd.york.ac.uk/prospero/
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Selection and data extraction
One reviewer (DJN or FC) screened all titles and 
abstracts to identify potentially relevant reviews with 
a second reviewer (FC or HMc) screening a 10% ran-
dom sample to minimise the risk of errors of judge-
ment. Reviewers working in pairs (DJN, AEA, FC or 
HMc) independently assessed the selected full text arti-
cles for eligibility and resolved disagreements in dis-
cussion with a third reviewer. Reviewers (DJN, AEA, 
FC or HMc) independently extracted data from the 
included reviews using a bespoke data extraction tool 
and resolved disagreements through discussion.

Quality assessment
Reviewers working in pairs (DJN, AEA, FC or HMc) 
independently assessed the risk of bias in the included 
reviews using the Risk of Bias in Systematic Reviews 
(ROBIS) tool and reached agreement by discussion 
[12]. Concerns with the process of reviews are assessed 
using 4 domains; (i) study eligibility criteria, (ii) the 
identification and selection of studies, (iii) data collec-
tion and study appraisal and (iv) synthesis and findings.

Results
A diagram showing the flow of information through the 
process of identifying and selecting reviews for inclu-
sion in the overview is presented in Fig. 1.

Included reviews
Thirty-two reviews met the criteria for inclusion in 
the overview [13–44]. Two were updates of previ-
ously published reviews and the earlier versions were 
excluded to avoid the double-counting of data [31, 33]. 
Of the 30 reviews, 14 included only RCTs [13–26] and 
16 included RCTs together with various other study 
designs [27–30, 32, 34–44]. The reviews were published 
between 1998 and 2021 in professional or scientific 
journals, four in the Cochrane Library, one was pub-
lished in the UK National Institute of Health Research 
(NIHR) Health Technology Assessment (HTA) journals 
library and one for the Agency for Healthcare Research 
and Quality (AHRQ), USA [15, 16, 19, 20, 24, 41]. 
Other key characteristics of the included reviews are 
summarised in Table 1.

Overall, the 30 reviews included a total of 26 RCTs 
relevant to the overview (See Additional file 2: Supple-
mentary references S1–S26). The majority of the RCTs 
were included in more than one review, only three 
being included only once (see Additional file 2: Supple-
mentary references S16, S18, S20).

Risk of bias
The ROBIS assessment results are summarised in 
Table 2. Six were judged to have a low risk of bias in all 
four domains assessed using the ROBIS tool [15, 16, 19, 
20, 23, 24]. Nineteen reviews (65%) were judged to be 
at high risk of bias [13, 17, 18, 21, 22, 27–29, 32, 34–40, 
42–44]. The most common reasons for concern about 
bias in the reviews related to the lack of clarity in eli-
gibility criteria specification (60%) [13, 17, 18, 21, 22, 
27–29, 35–44] methods used to identify and select eli-
gible studies (70%) [13, 14, 17, 18, 21, 22, 25, 26, 28, 29, 
32, 34–38, 40–44] data collection and study appraisal 
(53%) [13, 17, 18, 21, 22, 27–30, 32, 34, 36–38, 42, 43] 
and the synthesis and findings (57%) [13, 17, 18, 21, 
22, 25, 28, 29, 32, 35, 37–40, 42–44]. Only nine of the 
26 non-Cochrane reviews reported the registration or 
existence of a review protocol [14, 19, 23, 24, 28, 30, 32, 
39, 41]. The reviews used a variety of tools to assess the 
validity and risk of bias in trials with the Cochrane risk 
of bias tool being the most frequently used [6, 13–18, 
20, 23–26, 29, 32, 41, 42]. Other assessment tools were, 
the JBL, [28, 39, 40, 45] reporting recommendations 
for trials of interventions for the foot in diabetes [27, 
30, 46] PEDro [44, 47], the source of the risk of bias 
tool not reported [19, 22] QUADAS and other assess-
ments for diagnostic tests [34, 37, 48, 49] Downs and 
Black [35, 50], McMaster Critical Review Form [38, 51]. 
Quality assessment not reported in two reviews [21, 43] 
preventative services veterans task force [36, 52].

Fifteen of the 26 non-Cochrane reviews either did not 
provide any information about sources of funding or 
declared none [17, 18, 22, 26–30, 32, 35, 37–39, 42, 43].

Evidence of effectiveness of preventive interventions
Patient education
Evidence was available from four systematic reviews 
of patient education interventions that included four 
RCTs relevant to the overview [13, 15, 17, 29]. The risk 
of bias in the Cochrane review was judged to be low 
[15] while three non-Cochrane reviews were consid-
ered to be at high risk of bias [13, 17, 29].

The Cochrane review [15] published in 2014 identi-
fied two RCTs which excluded people with foot ulcers 
at baseline (Additional file 2: Supplementary references 
S1, S2). These RCTs compared intensive foot care edu-
cation programmes with brief educational interven-
tions in people at high risk of ulceration and reported 
contradictory results. Clinical heterogeneity precluded 
meta-analysis in the review as a whole which concluded 
there was insufficient robust evidence that patient edu-
cation was effective in preventing foot ulcers.
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A review comparing intensive with routine patient 
education published in 2013 [17] pooled the results 
from the same two RCTs (Additional file 2: Supplemen-
tary references S1, S2) included in the Cochrane review 
with results from five other trials. The meta-analysis 
showed a lower incidence of foot ulceration in favour 
of intensive education but the pooled effect estimate 
is unlikely to be reliable because it combined results 
from trials involving people with and without existing 
foot ulcers [53] (Additional file 2: Supplementary refer-
ences S1, S2), and the authors concede some trials did 
not provide details of the randomisation procedure and 
selection bias is possible.

A subsequent review and meta-analysis [13] included 
six RCTs of which three met the criteria for the overview: 
one (Additional file  2: Supplementary reference S24) 
included in the Cochrane review, one (Additional file 2: 
Supplementary reference S3) published after completion 
of the Cochrane review, and interim findings from a trial 
(Additional file  2: Supplementary reference S4) that the 
Cochrane review classified as awaiting final results. One 
of the RCTs (Additional file 2: Supplementary reference 
S1) included in the previous reviews was omitted. This 
review was rated high for risk of bias with particular con-
cerns about the synthesis of findings casting doubt on the 
reliability of the results. Meta-analysis of ulcer incidence 

Fig. 1 Flow diagram. Additional searches: CDSR – Cochrane Database of Systematic Reviews; DARE – Database of Abstracts of Reviews of 
Effectiveness; HTA – Health Technology Assessment Journals Library
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data pooled results from trials in people with and without 
existing foot ulcers and failed to take account of the risk 
of bias in the primary studies and inconsistency in their 
results  (I2 = 92%). The review’s positive conclusion, that 
intensive educational intervention reduced the incidence 
of foot ulcers compared with brief educational inter-
vention, was based on a single meta-analysis which was 
interpreted as being statistically significant (p  = 0.05). 
This review also pooled LEA data from dissimilar trials as 
reported in the earlier review by He et al. [17].

A review that intended to include only RCTs to assess 
the effectiveness of health education programmes to 
improve foot self-care and reduce foot problems in 
older people with diabetes expanded its scope to include 
non-randomised studies due to ‘the dearth of informa-
tion’ identified [29]. The review method raised concerns 
about its ability to identify relevant studies. Ultimately 

it included 14 studies of various types and the only RCT 
(Additional file  2: Supplementary reference S2) was 
included in the earlier reviews we identified.

Systematic reviews that addressed the question of the 
effectiveness of a broad range of preventive interven-
tions provided no additional evidence on the effective-
ness of patient education from RCTs relevant to the 
overview. The most recent of these, an update of a previ-
ous review, undertaken to inform International Working 
Group on the Diabetic Foot (IWGDF) guidance on the 
prevention of foot ulcers in at-risk patients [30, 31] con-
sidered evidence from four RCTs (Additional file 2: Sup-
plementary references S2, S3, S4, S14) alongside results 
from non-controlled studies. Conclusions were informed 
by a system for grading evidence-based guidelines [46] 
and reached by consensus. The reviews of assorted pre-
ventative interventions which included RCTs of patient 

Table 2 Risk of bias (ROBIS) assessment results

Study eligibility 
criteria

Identification and 
selection of studies

Data collection and 
study appraisal

Synthesis and 
findings

Risk of 
bias in the 
review

Adiewere 2018 [13] High Unclear Unclear High High

Ahmad Sharoni (2016) [29] High High Unclear High High

Ahmed (2020) [38] High High High High High

Alkahoon (2020) [25] Low Unclear Low Unclear Unclear

Arad (2011) [18] High High Unclear High High

Binning (2019) [27] Unclear Low High Low High

Blanchette (2020) [39] Unclear Low Low High High

Bus (2015) [32] Low Unclear High High High

Collings (2020) [40] Unclear Unclear Low High High

Crawford (2020) [14] Low Unclear Low Low Unclear

Dorresteijn (2014) [15] Low Low Low Low Low

Dy (2018) [41] Unclear Unclear Low Low Unclear

Ena (2020) [26] Low Unclear Low Low Unclear

Hazenberg (2019) [42] High High High High High

He (2013) [17] Unclear High Unclear High High

Healy (2013) [34] Low High Unclear Low High

Heuch (2016) [28] High High Unclear High High

Hoogeveen (2015) [16] Low Low Low Low Low

Kaltenthaler (1998) [22] High High Unclear Unclear High

McGloin (2021) [24] Low Low Low Low Low

Mason (1999) [21] High Unclear Unclear Unclear High

Matos (2018) [44] High High Low High High

Maciejewski (2004) [36] Unclear High Unclear Low High

Mayfield (2000) [37] High High High High High

O’Meara (2000) [19] Low Low Low Low Low

Norman (2020) [23] Low Low Low Low Low

Paton (2011) [35] Unclear Unclear Low High High

Da Silva (2020) [43] High High High High High

Spencer (2000) [20] Low Low Low Low Low

van Netten (2020) [30] Low Low Unclear Low Unclear
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education either included or pre-dated the patient educa-
tion RCTs already described and identified no others [14, 
18, 19, 21, 22, 25, 30, 41].

Overall these systematic reviews all found that there is 
inadequate evidence upon which to base recommenda-
tions about patient education to prevent foot ulceration 
in diabetes, [13, 15, 17, 29] except one which concluded 
that patient education is effective in preventing foot 
ulcers [13].

Reviews of psychosocial interventions
Three reviews assessed the evidence for psychosocial 
interventions to prevent foot ulcers [23, 24, 27], two of 
which were judged to be at low risk of bias [23, 24].

One published in the Cochrane library [24] and 
included a single RCT of home monitoring of foot skin 
temperature which included theory-based counselling 
for people whose foot skin temperature was raised (Addi-
tional file  2: Supplementary reference S25). A second 
review of psychosocial interventions included six RCTs 
relevant to our overview, all of which had previously been 
reviewed by others mostly within reviews of educational 
interventions [23].

A review of the effect of motivational interviewing to 
improve adherence behaviours for the prevention of 
diabetic foot ulceration was judged to be at high risk of 
bias [27]. The only RCT data included were the interim 
findings from the trial (Additional file 2: Supplementary 
reference S4) previously included in the review of educa-
tional interventions by Adiewere et al. [13].

These reviews all concluded there was a lack of evi-
dence of effectiveness for psychosocial interventions or 
motivational interviewing and the authors of one sug-
gested randomised controlled trials of theoretically 
informed interventions to assess clinical outcomes are 
required [23].

Footwear and off-loading
Eight reviews [20, 28, 32, 34–36, 38, 40] aimed to evaluate 
footwear and/or offloading interventions and a further 
eight reviews of assorted interventions included footwear 
and offloading [14, 18, 19, 21, 22, 25, 30, 41], collectively 
identified nine RCTs relevant to the overview (Additional 
file 2: Supplementary references S5–S10, S16, S18, S19). 
Only two reviews were judged to be at low risk of bias 
[19, 20] and ten others were considered to be at high risk 
[18, 21, 22, 28, 32, 34–36, 38, 40].

A Cochrane review published in 2000 [20] identi-
fied one quasi-randomised trial, in which patients were 
allocated alternately, not randomly, showed a significant 
reduction in recurrent ulceration with therapeutic shoes 
compared with standard footwear (Additional file 2: Sup-
plementary reference S5).

Two subsequent reviews of the effectiveness of thera-
peutic footwear for preventing re-ulceration [34, 36] 
restricted inclusion of studies to those published in 
English, included one additional RCT (Additional file 2: 
Supplementary reference S6) and other study designs. 
The authors concluded that the evidence to support 
footwear interventions to prevent re-ulceration is con-
flicting because non-randomised and observational stud-
ies reported positive results while the RCT showed no 
benefit.

The quasi-randomised trial (Additional file  2: Supple-
mentary reference S5) was the only study with an out-
come relevant to the overview that was included in a 
review of the effectiveness of insoles for the prevention 
of ulcer recurrence [35]. This review considered evidence 
from mixed study designs which did not support its 
overly positive conclusions.

A review that focussed on the effectiveness of off-load-
ing interventions to prevent primary (first) diabetic foot 
ulcers was restricted to studies published in English and 
failed to identify any relevant RCTs with ulceration as an 
outcome [28].

A review [32] (updating a previous version [33]) to 
inform IWGDF guidance on footwear and off-loading 
interventions to prevent and heal diabetic foot ulcers 
included five additional RCTs (Additional file 2: Supple-
mentary references S7–S11). This review considered the 
findings from the RCTs (including the quasi-randomised 
trial) alongside results from cohort studies. The authors 
conclude that the evidence supporting the use of spe-
cific footwear interventions to prevent recurrent plan-
tar ulcers is quite strong and that sufficient good quality 
evidence supports the use of therapeutic footwear with 
demonstrated pressure relief to prevent plantar ulcer 
recurrence [32]. This finding appeared to be based on 
the results from a subgroup analysis within a single RCT 
(Additional file 2: Supplementary reference S7).

A review of the effects of footwear and insoles pub-
lished in 2020 [38] identified five RCTs, only one of which 
had not been included in a review previously (Additional 
file  2: Supplementary reference S19). The RCT (n = 51) 
compared ridged with semi ridged rocker soles in peo-
ple at high risk of foot ulceration and found a statistically 
significantly reduction in ulcers in those allocated to the 
ridged rocker sole. The review concluded there was lim-
ited evidence to inform the use of footwear and insoles 
to prevent foot ulceration. A more recent review [40] 
included one RCT evaluating the use of a mobile phone 
to alert patients of increased foot pressures which was 
out with the search dates of all other systematic reviews 
(Additional file  2: Supplementary reference S18). The 
proof of concept trial allocated 90 patients who were at 
high risk of foot ulceration to an insole system where 
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either audio-visual alerts via a smartwatch and offload-
ing instructions were sent to the patients’ phones when 
increased pressures were detected or, in the control 
group, no alerts were sent. The trial had a large loss to 
follow up (36%) and no statistically significant difference 
in the number of ulcerations was observed but time to 
event analyses found the intervention group were ulcer-
free for longer. The review concludes there was difficulty 
in singling out the most effective weight-redistributing 
preventative features in shoes and insoles but concluded 
that this type of intervention appears to be effective.

Eight other reviews of assorted preventative inter-
ventions were identified and again either included or 
pre-dated RCTs of footwear and/or offloading already 
described and identified no others [14, 18, 19, 21, 22, 25, 
30, 41]. Meta-analyses of RCT data were presented in 
two of the more recent reviews [14, 25]. These suggest 
that footwear and insoles can reduce foot ulceration but 
further research to examine the most effective features of 
footwear and insoles and their effect in people with dif-
ferent risk profiles is merited.

Complex interventions
We classified three systematic reviews of the effective-
ness of interventions as complex [16, 37, 39]. One review 
was judged to be at low risk of bias [16], two others 
being judged to be at high risk. There were eight reviews 
of assorted interventions [14, 18, 19, 21, 22, 25, 30, 41] 
which included integrated foot care or complex interven-
tions, and collectively all reviews included six RCTs rel-
evant to the overview (Additional file  2: Supplementary 
references S1, S13–S16, S24).

A Cochrane review published in 2015 which assessed 
complex interventions defined as combinations of pre-
ventive strategies identified three RCTs relevant to the 
overview [16]. One RCT of an education-focused inter-
vention in low to medium-risk patients (Additional file 2: 
Supplementary reference S12) reported a reduction in 
the incidence of foot ulceration compared with usual care 
but may not be reliable because the cluster-randomisa-
tion design was reportedly not accounted for in the anal-
ysis. One of two RCTs that compared more intensive and 
comprehensive complex interventions with usual care in 
high-risk patients showed no difference in the incidence 
of foot ulceration but a significant reduction in LEA 
(Additional file 2: Supplementary reference S13) whereas 
the other trial reported the opposite (Additional file  2: 
Supplementary reference S14). This review judged all 
three RCTs at high risk of bias and the pooling of data in 
a meta-analysis inappropriate due to marked heterogene-
ity. Overall, it concluded there was insufficient evidence 
to support the effectiveness of complex interventions.

A review of monofilament and other threshold tests for 
preventing foot ulceration was judged at high risk of bias 
across all 4 ROBIS domains and included only one RCT 
evaluating the prevention of foot ulceration and amputa-
tion in people with diabetes which was also included in 
the Cochrane review (Additional file  2: Supplementary 
reference S13) [37]. The review produced overly positive 
conclusions about the value of screening in preventing 
of foot ulcers and amputations given the trial found no 
statistically significant difference in the incidence of foot 
ulcers in the two groups [37].

The same trial was excluded from a review to inform 
IWGDF guidance on the prevention of foot ulcers in at-
risk patients because of concerns about the comparability 
of the intervention and control groups [30].

The review undertaken to inform IWGDF guidance 
included studies of integrated foot care, defined as care 
given by one or multiple collaborating professionals 
treating patients on multiple occasions with multiple 
interventions [30]. It excluded the trial by McCabe et al. 
(Additional file  2: Supplementary reference S13) but 
included an RCT of chiropodist care (Additional file  2: 
Supplementary reference S15), (which was classified in 
other reviews as patient education) as well as unpub-
lished data from an additional RCT of podiatric care 
(Additional file  2: Supplementary reference S16) which 
contributed to the assessment alongside data from non-
controlled studies. No conclusion could be drawn about 
first ulcer prevention, and the suggestion that integrated 
foot care may be beneficial in preventing recurrent ulcer-
ation was largely based on the results from uncontrolled 
studies.

A systematic review of the effect of contact with a podi-
atrist, working within a team, on the incidence of foot 
ulceration did not identify any RCTs which met its own 
eligibility criteria [39].

The eight reviews of assorted interventions, details of 
which are presented below, identified no additional trials 
of complex interventions [14, 18, 19, 21, 22, 25, 31, 41].

Reviews of telehealth interventions and foot temperature 
monitoring
The overview identified two systematic reviews evaluat-
ing telehealth interventions to prevent foot ulceration 
[42, 43]. Both reviews were judged to be at high risk of 
bias across all 4 ROBIS domains but only one included 
any RCTs. The review by Hazenberg et al. [42] analysed 
data from 4 RCTs of home-monitoring of foot skin 
temperature and presented a meta-analysis showing 
a reduction in the number of foot ulcers when abnor-
mal temperatures were recorded and patients’ avoided 
weight-bearing until their foot temperature lowered 
(Additional file  2: Supplementary references S21–S23, 
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S25). These same 4 RCTs were pooled by Ena et al. [26] 
in a review of temperature monitoring and were also 
included in three systematic reviews of assorted inter-
ventions [14, 25, 30].

The two reviews conclude that further research is 
required, [42, 43] one also acknowledge the limitations 
in the studies and that a larger evidence base is required 
before this technology could be widely implemented in 
practice [42]. However, the review by Ena et al. concludes 
that daily measurement of skin temperature when meas-
ured using a handheld infrared thermometer reduces the 
appearance of new foot ulcers and notes the risk of bias 
in the same 4 RCTs is low (Additional file 2: Supplemen-
tary references S21–S23, S25) [26]. The three reviews of 
assorted interventions all concluded that the available 
data suggest this intervention may prevent foot ulcers 
developing [14, 25, 30] but two noted the need for further 
evaluation and the possibility that the intervention might 
not be feasible in real world settings [14, 25].

Reviews of physical activity
We found one systematic review of physical activity 
which we judged to be at high risk of bias in its evaluation 
of the effect of exercise of the prevention of foot ulcera-
tion [44]. It included one RCT in which foot ulceration 
was an outcome (Additional file 2: Supplementary refer-
ence S24). The reviewers’ conclusion that exercise can 
delay the development of foot ulcers is not supported by 
the trial results (Additional file  2: Supplementary refer-
ence S24). The RCT was also included in three separate 
systematic reviews of assorted interventions [14, 30, 41].

Reviews of assorted preventative interventions
Eight systematic reviews included a variety of interven-
tions to prevent foot ulcers [14, 18, 19, 21, 22, 25, 30, 41] 
only one was judged to be at low risk of bias [19]. Four 
were judged to have an unclear risk of bias because of 
approaches they took to the selection of studies or the 
analysis [14, 25, 30, 41] and three were judged at high risk 
of bias [18, 21, 22].

Collectively they assessed the evidence from 26 RCTs, 
2 of which were not included in intervention-specific 
reviews presented above. Two reviews included a trial 
of elastic compression stockings as a preventive inter-
vention [14, 19]. The incidence of foot ulcers in people 
randomised to elastic compression stockings compared 
with those who did not receive hosiery was not found to 
be statistically significantly different. The trial population 
was at high risk of foot ulceration (Additional file 2: Sup-
plementary reference S26).

Three reviews [14, 31, 41] included one RCT of patient 
instruction to apply antifungal nail lacquer as a way to 
increase the frequency of foot self-inspection but found 

no difference in the incidence of first or recurrent ulcers 
when compared with standard care (Additional file  2: 
Supplementary reference S17).

Discussion
Systematic reviews are widely regarded as the corner-
stone of evidence-based healthcare. Harnessing that 
evidence has become increasingly challenging as the 
prevalence of systematic reviews in the biomedical lit-
erature continues to increase with one recent estimate 
suggesting a publication rate of more than 8000 per 
year [9]. It is therefore unsurprising that we identified 
30 systematic reviews of interventions to prevent dia-
betic foot ulceration that met the criteria for inclusion 
in our overview, with one-third having been published 
in the last 5 years. Yet, this surfeit of systematic reviews 
does not provide a wholly reliable source of evidence for 
decision-making.

The ability of an overview to provide useful decision-
support is reliant on the quality of the conduct and 
reporting of the systematic reviews available. As stated, 
our original purpose was to conduct an overview of 
reviews to obtain numerical summaries of the effects 
of preventative interventions for foot ulcers in diabetes 
to populate an economic model, but two-thirds of the 
reviews we included had methodological shortcomings 
associated with a high risk of bias and reliable meta-anal-
yses of trial data were first published in 2020 [14, 25].

Those reviews without protocols made it difficult 
to ascertain whether the reviews’ methods were pre-
defined, adhered to or decided or modified during the 
review process. The absence of pre specified primary 
study inclusion criteria in a third of the reviews also 
made it hard to judge whether reviewers’ decisions about 
including studies during the conduct of the reviews could 
have introduced bias. The evident inadequate develop-
ment of search strategies may suggest a lack of familiarity 
with the principles of searching electronic databases and 
working with an information specialist who possesses the 
skills to construct and implement robust search strate-
gies. Searches were frequently compromised by involving 
few sources, limited search terms and unjustified restric-
tions. Only around half of the reviews searched without 
language restrictions and few searched sources of unpub-
lished data. More than half of the reviews included vari-
ous study designs as well as RCTs but few considered the 
influence that study design could have on the results.

The conduct of evidence synthesis was another com-
mon cause for concern about bias in most of the reviews 
we identified. Quantitative synthesis of RCT data was 
performed in only five of the reviews but we found 
problems with meta-analyses that included data from 
patients who did not meet predefined eligibility criteria, 
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errors in the interpretation of meta-analytical statistics 
and failure to explore reasons for heterogeneity. Narra-
tive approaches largely entailed study-by-study narrative 
summaries which may indicate a lack of awareness or 
expertise in methods for the conduct of narrative synthe-
sis in systematic reviews. Whatever the approach used, 
interpretation of the findings often ignored or glossed 
over the potential for bias in the included studies and 
other important between-study differences. The upshot 
of this is seen in overly positive conclusions that are not 
supported by the evidence reviewed.

Guidance for conducting overviews is accumulat-
ing but challenges remain [54] and some limitations 
to our overview warrant consideration. We could have 
missed some relevant systematic reviews by not search-
ing a wider range of sources but, finding more reviews is 
unlikely to have altered our concern about the reliability 
of the evidence base as a whole. We may also have failed 
to find reviews including RCTs of other relevant inter-
ventions. We used ROBIS [12] to appraise the quality 
of the included systematic reviews but found that using 
this validated tool often relied on subjective judgment, 
especially in the absence of review protocols, resulting in 
lengthy deliberations to resolve disagreements. Research 
published by others has shown inadequate inter-rater 
reliability among professional reviewers using ROBIS 
[55] and we concur that the tool and guidance need revi-
sion to improve its reliability and utility. We suggest that 
reviewers who intend to use ROBIS to assess the risk of 
bias in systematic reviews clarify and agree the reasons 
for allocating specific ratings during the development of 
the protocol and again periodically during the conduct of 
the overview.

In any overview of multiple systematic reviews evaluat-
ing alternative intervention options some overlap in the 
included primary studies is to be expected and has to be 
assessed to avoid introducing bias [56, 57]. This overview 
revealed how substantial the overlapping nature of the 
evidence from systematic reviews of RCTs addressing 
diabetic foot ulcer prevention is and crucially, the same 
(largely poor-quality) trials being reviewed over and over 
again without our understanding about what works to 
improve patient outcomes becoming any clearer [14].

The predominance of low-quality trials that are sub-
sequently included in systematic reviews without due 
consideration is a concern for journal editors as it under-
mines confidence in systematic reviews to reliably inform 
clinical practice [58]. From the overview it appears some 
editors do not share those concerns and may not even 
be aware of the methodological flaws in the systematic 
reviews their journals have published. This is at odds 
with the endorsement of the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 

reporting guidelines [59] by most of those journals in 
their instructions to authors and is also hard to recon-
cile with a robust peer review process. These systematic 
reviews were published over two decades, but we saw lit-
tle improvement in the quality of conduct and reporting 
over time. This mirrors the pattern observed more widely 
in the biomedical literature by researchers who have rec-
ommended certified training for journal editors in how to 
implement PRISMA and facilitate its use by peer review-
ers as one way to improve the value of systematic reviews 
[9]. The same challenges might also exist for the recent 
reporting guidelines for literature searches in system-
atic reviews, PRISMA-S, despite the clear intention to 
improve the reproducibility of searches in reviews [60].

Practitioners involved in developing international 
guidelines on the prevention of diabetic foot ulcers rec-
ognise the need to improve the quality of the intervention 
studies that are conducted and submitted for publication 
[46]. They have drawn attention to the omission of core 
details from many trial reports that hinders appraisal of 
study quality and clinical relevance in systematic reviews. 
This has implications for relying on overviews to under-
stand the evidence base if it is not possible to tell from 
systematic review reports whether missing details were 
absent from the included trial reports or overlooked by 
the reviewers. The proposed reporting standards check-
list for studies on the management and prevention of 
foot ulcers in diabetes should inform the conduct of 
systematic reviews as well primary studies alongside 
PRISMA and CONSORT (Consolidated Standards of 
Reporting Trials) [59, 61] to improve the quality of pub-
lished research in this area. Other researchers engaged 
in synthesizing evidence of health technologies for clini-
cal conditions other than the foot in diabetes may also 
find condition-specific reporting standards helpful when 
undertaking an assessment of relevant literature.

Using evidence from unreliable systematic reviews 
to inform clinical practice has obvious negative conse-
quences including invalid clinical guidelines recommen-
dations which could result in the provision of suboptimal 
care that will not lead to improved outcomes for patients. 
There is already evidence that the number of overviews 
of systematic reviews of healthcare interventions is rising 
and their quality is variable [62]. Given the abundance 
of systematic reviews summarising poor-quality trials of 
interventions to prevent diabetic foot ulcers, it may only 
be a matter of time before uncritical overviews also start 
to proliferate. Those who conduct, fund, peer review and 
publish research in this area have a joint responsibility to 
ensure that the evidence base does not serve the interests 
of researchers and publishers rather than improving out-
comes for people living with diabetes.
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Appendix
Medline strategy

 1. exp foot orthoses/
 2. exp shoes/
 3. exp health education/
 4. exp primary health care/
 5. exp emollients/
 6. insole*.mp.
 7. footwear.mp.
 8. educat*.mp.
 9. specialist car*.mp.
 10. multi disciplinary team*.mp.
 11. multidisciplinary team*.mp.
 12. routine podiatry car*.mp.
 13. exp general practice/
 14. exp community health services/
 15. off load*.mp.
 16. offload*.mp.
 17. emollient*.mp.
 18. shoe*.mp.
 19. or/1–18
 20. exp foot/
 21. exp foot diseases/
 22. exp diabetic foot/
 23. exp diabetic neuropathies/
 24. exp diabetes mellitus/
 25. exp diabetic angiopathies/
 26. exp diabetes complications/
 27. exp podiatry/
 28. exp foot ulcer/
 29. exp skin ulcer/
 30. exp ischemia/
 31. exp bacterial infections/
 32. (diabet* adj3 ulcer*).mp.
 33. (diabet* adj3 (foot or feet)).mp.
 34. (diabet* adj3 wound*).mp.
 35. (diabet* adj3 amputat*).mp.
 36. or/20–35
 37. systematic* review*.mp.
 38. meta-analysis as topic/
 39. (meta-analytic* or meta-analysis or metanalysis or 

metaanalysis or meta analysis or meta synthesis or 
meta-synthesis or metasynthesis or meta-regres-
sion or metaregression or meta regression).mp.

 40. (synthes* adj3 literature).mp.
 41. (synthes* adj3 evidence).mp.
 42. (integrative review or data synthesis).mp.
 43. (research synthesis or narrative synthesis).mp.
 44. (systematic study or systematic studies).mp.
 45. (systematic comparison* or systematic overview*).

mp.

 46. ((evidence based or comprehensive or critical or 
quantitative or structured) adj review).mp.

 47. (realist adj (review or synthesis)).mp.
 48. or/37–47
 49. review.pt.
 50. (medline or pubmed or embase or cinahl or psyc?lit 

or psyc?info).mp.
 51. ((literature or database* or bibliographic or elec-

tronic or computeri?ed. or internet) adj3 search*).
mp.

 52. (electronic adj3 database*).mp.
 53. included studies.mp.
 54. (inclusion adj3 studies).mp.
 55. ((inclusion or selection or predefined or predeter-

mined) adj criteria).mp.
 56. (assess* adj3 (quality or validity)).mp.
 57. (select* adj3 (study or studies)).mp.
 58. (data adj3 extract*).mp.
 59. extracted data.mp.
 60. (data adj3 abstraction).mp.
 61. published intervention*.mp.
 62. ((study or studies) adj2 evaluat*).mp.
 63. (intervention* adj2 evaluat*).mp.
 64. (confidence interval* or heterogeneity or pooled or 

pooling or odds ratio*).mp.
 65. (Jadad or coding).mp.
 66. or/50–65
 67. 49 and 66
 68. review.ti.
 69. 66 and 68
 70. (review* adj4 (papers or trials or studies or evi-

dence or intervention* or evaluation*)).mp.
 71. 48 or 67 or 69 or 70
 72. letter.pt.
 73. editorial.pt.
 74. comment.pt.
 75. 72 or 73 or 74
 76. 71 not 75
 77. 19 and 36 and 76

Embase search strategy

 1. exp foot orthosis/
 2. shoe/
 3. exp health education/
 4. exp primary health care/
 5. emollient agent/
 6. insole*.mp.
 7. footwear*.mp.
 8. educat*.mp.
 9. specialist car*.mp.
 10. multi disciplinary team*.mp.
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 11. multidisciplinary team*.mp.
 12. routine podiatry car*.mp.
 13. general practice/
 14. exp community care/
 15. off load*.mp.
 16. offload*.mp.
 17. emollient*.mp.
 18. shoe*.mp.
 19. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 

12 or 13 or 14 or 15 or 16 or 17 or 18
 20. exp foot/
 21. exp foot disease/
 22. diabetic foot/
 23. diabetic neuropathy/
 24. exp diabetes mellitus/
 25. exp diabetic angiopathy/
 26. (diabet* adj3 complicat*).mp.
 27. podiatry/
 28. foot ulcer/
 29. exp skin ulcer/
 30. exp ischemia/
 31. exp bacterial infection/
 32. (diabet* adj3 ulcer*).mp.
 33. (diabet* adj3 (foot or feet)).mp.
 34. (diabet* adj 3 wound*).mp.
 35. (diabet* adj3 amputat*).mp.
 36. 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 

29 or 30 or 31 or 32 or 33 or 34 or 35
 37. systematic* review*.mp.
 38. meta analysis/
 39. (meta-analytic* or meta-analysis or metanalysis or 

metaanalysis or meta analysis or meta synthesis or 
meta-synthesis or metasynthesis or meta-regres-
sion or metaregression or meta regression).mp.

 40. (synthes* adj3 literature).mp.
 41. (synthes* adj3 evidence).mp.
 42. (integrative review or data synthesis).mp.
 43. (research synthesis or narrative synthesis).mp.
 44. (systematic study or systematic studies).mp.
 45. (systematic comparison* or systematic overview*).

mp.
 46. ((evidence based or comprehensive or critical or 

quantitative or structured) adj review).mp.
 47. (realist adj (review or synthesis)).mp.
 48. or/37–47
 49. review.pt.
 50. (medline or pubmed or embase or cinahl or psyc?lit 

or psyc?info).mp.
 51. ((literature or database* or bibliographic or elec-

tronic or computer?ed. or internet) adj3 search*).
mp.

 52. (electronic adj3 database*).mp.
 53. included studies.mp.

 54. (inclusion adj3 studies).mp.
 55. ((inclusion or selection or predefined or predeter-

mined) adj criteria).mp.
 56. (assess* adj3 (quality or validity)).mp.
 57. (select* adj3 (study or studies)).mp.
 58. (data adj3 extract*).mp.
 59. extracted data.mp.
 60. (data adj3 abstraction).mp.
 61. published intervention*.mp.
 62. ((study or studies) adj2 evaluat*).mp.
 63. (intervention* adj2 evaluat*).mp.
 64. (confidence interval* or heterogeneity or pooled or 

pooling or odds ratio*).mp.
 65. (jadad or coding).mp.
 66. or/50–65
 67. 49 and 66
 68. review.ti.
 69. 66 and 68
 70. (review* adj4 (papers or trials or studies or evi-

dence or intervention* or evaluation*)).mp.
 71. 48 or 67 or 69 or 70
 72. letter.pt.
 73. editorial.pt.
 74. comment.pt.
 75. 72 or 73 or 74
 76. 71 not 75
 77. exp. animals/not humans/
 78. 78.76 not 77
 79. 19 and 36 and 76
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