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Abstract

Aim To compare the effectiveness of preventive interventions in reducing reccurrent diabetic foot ulcers. Meta-analysis
(MA) was conducted to address clinical questions on this topic of the Italian guidelines on diabetic foot.

Methods This MA includes randomized controlled trials evaluating the effectiveness of various preventive interventions,
namely: treatment of pre-ulcerative foot lesions, structured educational programs, psychological interventions and the use
of therapeutic footwear to relieve plantar pressure in people with diabetes mellitus and a history of previous ulcers.

Results A total of 731 studies were identified and 14 were considered eligible for the analysis. We found that treatments of
pre-ulcerative foot lesions did not provide any statistically significant effects (MH-OR: 0.84 [0.31, 2.33], p=0.74, >=38%).
Conversely, structured educational programs were associated with a trend toward reduction of ulcer recurrence risk (MH-OR:
0.13[0.01, 1.64], p=0.10, I?=88%). No randomized controlled studies assessing the efficacy of psychological interventions
have been retrieved. The use of therapeutic footwears can effectively reduce the risk of reulceration in diabetic patients with
an history of previous DFU, in particular prefabricated rigid-soled therapeutic footwears showed a significant reduction of
the risk of ulcer recurrence in comparison with semirigid soles (MH-OR: 0.17 [0.05, 0.57], p=0.004).

Conclusions The study provides low-certainty evidence that, among preventive strategies in patients with previous DFU,
rigid-sole therapeutic footwear and structured education programs are capable of reducing the risk of foot re-ulceration.
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Introduction

Diabetic foot ulcers (DFUs) are a serious complication
of diabetes mellitus affecting more than 18 million of
patients worldwide [1] with an expected rate of about 30%
of patients experiencing at least one foot ulcer in their
lifetime [2]. Unfortunately, even after the resolution of an
ulcer, patients with diabetes continue to be at very high
risk for ulcer recurrence, which is very common, with a
proportion ranging from 40 to 65% within subsequent five
years [3]. Recurrence rates varied across different Coun-
tries (per patient-years rate: 16.9%in Africa, 17.0% in
Asia, 17.8% in North America, and 24.9% in Europe [4].

Despite these regional differences, ulcer recurrence is
very common and led the scientic community to recon-
sider the term “healing” that should be probably replaced
with “remission” [5].

This change of terminology is not only a semantic issue,
but a way for rethinking DFU organizing models with an
adequate allocation of resources and actions aimed at pro-
viding educational programs for reducing that risk.

Reasons for ulcer recurrence are multifactorial and
often both biologic and behavioral. Several factors are
well-known, not adequately managed by physicians, such
as peripheral neuropathy, foot deformities, plantar stress,
and peripheral arterial disease [6].

Other factors increasing the risk of ulcer recurrence
can depend from erroneous patients’ attitudes, such as the
underestimation of warning symptoms (e.g. pain, bleed-
ings, etc.), the lack of appropriate preventive measures
(e.g. prescribed footwear, walk barefoot, follow-up podiat-
ric care, etc.) [7], the presence of depressive symptoms not
adequately treated [8], or other more common risk factors
for incident DFU, such as hypertension, renal impairment,
elevated glycated hemoglobin, decreased total protein lev-
els, duration of diabetes, etc. [9-11].

The prevention of recurrent diabetic foot ulcers is
crucial to reduce the risk of lower limb amputations and
improve the quality of life for diabetic patients, but ulcer
prevention remains a neglected opportunity [12]. Several
preventive interventions can be adopted to reduce that risk,
such as intregrated foot care with structured education pro-
grams, pre-ulcerative foot lesions treatment, psychological
interventions, and use of therapeutic footwear for plantar
pressure relief [13].

The present meta-analysis, aims to provide a compre-
hensive review of preventive care, including the differ-
ent types of interventions for the prevention of recurrence
foot ulcers, was performed in the process of developing
the Italian guidelines for the treatment of Diabetic Foot
Syndrome (DFS). These guidelines, which have been
promoted by the Italian Society of Diabetology (Societa
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Italiana di Diabetologia, SID) and the Italian Association
of Clinical Diabetologists (Associazione Medici Diabe-
tologi, AMD), are being developed for the inclusion in the
Italian National Guideline System (INGS), designed as a
standard reference for clinical practice in Italy, using the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) method [14].

The paper will therefore evaluate and compare, whenever
possible, the effectiveness and safety of different types of
interventions to prevent recurrence foot ulceration, which we
grouped as follows: (1) treating pre-ulcerative lesions, (2)
structured education programs, (3) psychological interven-
tions (4) footwear with semi-rigid soles or rigid soles. This
meta-analysis has been performed to try to give an answer
to several clinical questions PICOs (Population Intervention
Comparator Outcomes) already specified elsewhere [15].

Methods

We conducted this systematic review in conformity with
PRISMA checklist [16] (Table S1) and following a protocol
previously published [15].

Search strategy and selection criteria

This meta-analysis is a part of a wider meta-analysis of stud-
ies on DFS conducted for the development of the Italian
Guidelines on the Treatment of Diabetic Foot Syndrome
[15]. The present analysis includes all RCTs, with a duration
of at least 26 weeks, who enrolled diabetic patients or report-
ing subgroup analyses on diabetic with an history of dia-
betic foot ulcer, but without an active ulcer at the enrollment,
comparing different prevention strategies (i.e., pre-ulcerative
foot lesions treatment, structured education, psychological
interventions, therapeutic footwear with a semirigid or rigid
sole). Prevention strategies were defined as interventions
performed with the aim of preventing foot ulcers recurrence.
The search strategy had been already published elsewhere;
[15] briefly, the search string used was: ulcer AND foot
AND diabetes. Detailed information on search strategy is
reported in Table S2.

No language or date restriction was imposed. A Medline
and Embase search were performed up to December 1st,
2023. Further studies were manually searched for in refer-
ences from retrieved papers.

Two independent reviewers (R.D.R. and C.M.) screened
all titles and abstracts of the identified studies for inclu-
sion. Discrepancies were resolved by a third, independent
reviewer (M.M.).
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Data extraction and collection

Variables of interest were minor and major amputa-
tion rate, ulcer recurrence, new ulcers, ulcer-free days,
patients’ adherence, quality of life, any serious adverse
events, previously decided (after voting) by the panel of
the Italian Guidelines for the treatment of DFS [15].

Data extraction was performed independently by two
of the authors (R.D.R. and C.M.), and conflicts resolved
by a third investigator (M.M.).

Titles and abstracts were screened independently by
the authors, and potentially relevant articles retrieved in
full text. For all published trials, results reported in pub-
lished papers and supplements were used as the primary
source of information. When the required information on
protocol or outcomes was not available in the main or
secondary publications, an attempt at retrieval was per-
formed consulting the clinicaltrials.gov website.

The risk of bias in RCTs was assessed using the
Cochrane recommended tool [17], which includes seven
specific domains: random sequence generation, alloca-
tion concealment, blinding of participants and person-
nel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and other bias. The results of
these domains were graded as ‘low’ risk of bias, ‘high’
risk of bias, or ‘uncertain’ risk of bias.

Interventions

Question 1: removing callus, treating haemorrhagic cal-
lus, protecting blisters, and draining when necessary, or
treating dry skin fissures and cracks not extending into
the dermis were considered treatments of pre-ulcerative
foot lesions.

Question 2: one-to-one verbal education, group educa-
tion sessions, video education, e-learning platforms were
considered “structured education”.

Question 3: we included all RCT exploring any psycho-
logical interventions: individual or group psychological,
behavioral or social intervention alone or in combina-
tion (eg CBT; cognitive therapy; psychodynamic therapy;
counselling; family systems or systemic therapy).

Question 4: we included all RCT assessing footwear
with semi-rigid soles or rigid soles in comparison with
traditional footwear. We considered as therapeutic foot-
wear any type of footwear with a therapeutic effect that
cannot be provided by a conventional shoe (eg: custom-
made shoes or sandals, custom-made insoles, extra-depth
shoes, and custom-made or prefabricated medical-grade
footwear etc.) [18].

Endpoints

The primary endpoint was ulcer recurrence (defined as an
ulcer occuring on the same foot and at the same site of a
previously healed ulcer) [19].

Secondary endpoints were new ulcers (defined as a new
ulcer appearing on any other site on the same foot or at any
site on the contralateral foot) [19], ulcer-free days (defined
as days a person lives without a foot ulcer) [20], patient’s
adherence (any tool), minor (below the ankle amputa-
tion) and major (above the ankle) amputation, quality of
life (any tool), and any serious adverse events (SAE during
follow-up).

Statistical analyses

Heterogeneity was assessed by I? test, whereas Funnel plots
were used to detect publication bias for principal endpoints
with at least 10 trials.

If data from more than one study on a given outcome
were available, a meta-analysis using a random-effects
model as the primary analysis was performed. Mantel-Hae-
nzel Odds ratios and 95% confidence intervals (MH-OR,
95% Cls) were either calculated or extracted directly from
the publications. Weighted mean differences (WMD) and
95% Cls were calculated for continuous variables.

Sensitivity analysis removing one study at a time for
the primary endpoint and secondary endpoints will be
performed only if a heterogeneity-related bias can be com-
pletely ruled out.

Separate analyses were performed for the primary end-
point for the study duration (> or < the median value).

All analyses were performed using Review Manager
(RevMan), Version 5.3 (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014).

The Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE) methodology [14],was
used to assess the quality of the body of retrieved evidence,
using the GRADEpro GDT software (GRADEpro Guideline
Development Tool. McMaster University, 201,526. Avail-
able from gradepro.org).

RESULTS

Retrieved trials

The study flow summary is reported in Fig. 1S of Support-
ing Information.

Out of 782 items retrieved, 731 were excluded after read-
ing titles and/or abstracts and further 37 were excluded after
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Panel A
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI ABCDETFG
van Schie 2000 3 ] 4 7 226% 0.45 [0.06, 3.57] — 77007200
Plank 2003 18 47 25 44 46.1% 0.47 [0.20,1.09] —— 27200000
Westphal 2011 ] 15 4 15 31.3% 3.14 [0.68, 14.50] —— 27200000
Total (95% CI) 70 66 100.0% 0.84 [0.24, 2.98] .
Total events 28 KK]
Heterogeneity: Tau®= 0.71; Chi*= 4.74, df= 2 (P = 0.09); F= 58% ) t t t
Test for overall effect Z=026 (P=0.79) Dlnuslnteor‘\:ention Comp1aurison 200
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Panel B
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
van Schie 2000 3 ] 4 743.3% 0.45 [0.06, 3.57] —— 77007200
Westphal 2011 ] 15 4 15 86.7% 3.14 [0.68, 14.50] —— 27200000
Total (95% CI) 23 22 100.0% 1.36 [0.21, 8.95] —~l—
Total events 11 a
Heterogeneity: Tau®=1.03; Chi*= 219, df=1 (P=0.14); F= 54% ) t t t
Testfor overall effect: Z=0.32 (P = 0.75) D-Uﬂslntgri:ention Comp1anrison 200
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Panel C
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDETFG
Plank 2003 18 47 25 44 100.0% 0.47[0.20,1.09] 7700000
Total (95% CI) 47 44 100.0% 0.47 [0.20, 1.09] <
Total events 18 25
Heterogeneity: Mot applicable =IZ|DE|5 051 1=E| 200‘

Testfor overall effect Z=1.76 (F = 0.08)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Intervention Comparison

Fig. 1 Effects of preulcerative foot lesions treatment on ulcer recurrence at the endpoint in comparison with standard of care (Panel A: any strat-
egies; Panel B: injected liquid silicone/gel silicone sheet; Panel C: chiropodist)
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reading the full-text (Table 3S). We therefore included 3
[21-23], 5 [24-28], 0, and 6 [29-34], RCTs in the present
meta-analysis for question 1, 2, 3, and 4, respectively.

The principal characteristics of the fourteen included stud-
ies are reported in Table S4 of Supporting Information.

The quality of studies was heterogeneous and relatively
low; all studies were open-label (Fig. 2S and 3S of Support-
ing Information).

Question 1 - In diabetic patients

with previous foot ulcers, is preulcerative
foot lesions treatment preferable

to no therapy, to prevent ulcers recurrence?

The mean age, proportion of women, and study duration
of the 3 trials [21-23], fulfilling all the inclusion criteria
was 60 years, 25%, and 52 weeks, respectively. The studies
included in the analyses enrolled 176 patients with previous
DFU (89 and 87 in the intervention and control group, respec-
tively). The yearly ulcer recurrence rate was 36.0%.

All trials reported data on ulcer recurrence rate showing a
non-significant between group difference (any strategies vs.
SoC: MH-OR: 0.84 [0.24, 2.98], p=0.26, I*=58%). When
analyzing separately each individual preventing strategies, a
non significant trent toward reduction of ulcer recurrence risk
was observed for the only one trial [21], comparing chiropodist
care vs. standard of care (Fig. 1, Panel C). Insignificant dif-
ferences were observed for trials [21, 22] using either silicone
gel sheets or injected liquid silicone (Fig. 1, Panel A and B).

Major amputation rate was reported for all trials. Only
three cases were observed during follow-up (two and one in
the interventional and control groups, respectively) [21] with
a MH-OR of 1.91 [0.17, 21.85], p=0.60. Only two studies,
all with silicone [22, 23], reported two serious adverse events,
all occurred in the control group [22] (MH-OR: 0.13 [0.01,
3.24], p=0.21). Two studies [21, 23] reported information on
all-cause mortality, with 6 deaths [21] (two and four in the
intervention and control groups, respectively; MH-OR: 0.44
[0.08, 2.56], p=0.26). No study reported information either
on new ulcerations (in different foot sites) or quality of life/
patients’ adherence (all pre-planned secondary endpoints [15].

For the primary endpoint, (GRADE) methodology was
used to assess the quality of the body of retrieved evidence,
which was rated as “very low”.

Question 2- In diabetic patients

with previous foot ulcers, is structured
education provided by diabetic foot units
preferable to standard of care to prevent
ulcers recurrence?

The mean age, proportion of women, and study duration
of the 5 RCTs [24-28] included was 62 years, 38%, and
56 weeks, respectively. The studies included in the analy-
ses enrolled 488 patients with previous DFU (229 and 259
in the intervention and control groups, respectively). Three
studies reported information about the primary outcome
(ulcer recurrence; n=235 patients; 446 patient*years).
The number of patients with an ulcer recurrence was 99.
The yearly ulcer recurrence rate was 22.2%.

Structured education program was associated with
a trend toward reduction of the risk of ulcer recurrence
(MH-OR: 0.13 [0.01, 1.64], p=0.10, I =88%; Fig. 2,
panel A). Information on new ulcerations was reported
in two studies [24, 25] with insignificant between-group
differences (MH-OR: 1.06 [0.60, 1.85], p=0.85; Fig. 45).

Two (one case for each group [26]) and sixteen cases
(8 cases for each group) [26, 27, 35] of major and minor
amputation were reported, respectively. Minor amputation
risk was not different between the intervention and control
group (MH-OR 0.97 [035,2.73], p=0.96; Fig. 5S). Three
studies [26-28] reported information on all-cause mortal-
ity, with 7 deaths (MH-OR: 1.44 [0.30, 6.85], p=0.65 for
intervention vs. control group; Fig. 6S).

No studies reported information on SAE. Quality of
life was reported in only two studies [26, 27] adopting
different tools preventing a formal meta-analysis. Both the
two studies did not observ any significantly between-group
differences at the end of follow-up [26, 27].

For the primary endpoint, (GRADE) methodology was
used to assess the quality of the body of retrieved evi-
dence, which was rated as “very low”.

Question 3- In diabetic patients

with a previous foot ulcer, is psychological
intervention preferable to standard of care
to prevent ulcers recurrence?

No studies fulfilling the inclusion criteria have been
retrieved and therefore no recommendations can be pro-
vided for this clinical question.

Question 4 — In diabetic patients with previous plantar
foot ulcers, is the use of a therapeutic footwear with a
semi-rigid rocker sole or rigid rocker sole preferable to
standard of care footwear to prevent ulcers recurrence?

@ Springer
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Panel A
Intervention  Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
Monarmi 2015 0 7 B 6 206% 0.01 [0.00,0.30] $=———— [ITTEXTT]
Suryani 2021 4 25 18 25 37.9% 0.07 [0.02, 0.29] —a— @00000
Lincoln 2008 6 87 a5 85  41.5% 1.01 [0.55, 1.85] - L1111
Total (95% Cl) 119 116 100.0% 0.13 [0.01, 1.64] —~i—
Total events 40 a4
i 2 — . i - - - R = : : : :
Heterogeneity: Tau®*=4.03; Chi*=17.20, df= 2 (P=0.0002); F= 88% 0005 o 10 200

Testfor overall effect Z=1.58{F=0.11) Intervention  Comparison

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Panel B
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight M-H,Random,95% ClI M-H, Random, 95% CI ABCDEFG
Annersten Gershater 2011 19 &1 27 70 57.2% 0.99 [0.47, 2.07] [TIITIT]
Annersten Gershater 2023 12 49 16 73 42.8% 116 [0.48, 2.72] 200000
Total {95% CI) 110 143 100.0% 1.06 [0.60, 1.85]
Total events et 13

0102 05 1 2 5 10
Intervention Comparison

Heterogeneity: Tau®= 0.00; Chi*=0.07, df=1 (P=0.78); F= 0%
Testfor overall effect: 2= 019 (P = 0.85)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Panel C
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDETFG
Lincoln 2008 8§ a7 8 85 T17% 0.7 [0.35, 2.73] —— [T TTITTT]
Liu 2018 0 142 4 162 28.3% 012[0.01,2.32 +——8%——7— 202000
Monami 2015 0 7 0 B Mot estimable 007000
Total (95% CI) 236 253 100.0% 0.54 [0.08, 3.54] *
Total events 8 12
Heterogeneity: Tau®=1.00; Chi*=1.80, df=1 (P=0.18); F= 44% 'EI.U1 IZIT1 1'|:| 1EIEI'

Test for overall effect: Z=0.64 (F=0.52) Intervention Comparison
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Fig.2 Effects of structured educational programs on ulcer recurrence (Panel A), new ulcers (Panel B), and major amputation (Panel C) at the
endpoint in comparison with standard of care
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Panel A
Intervention Comparison Odds Ratio Odds Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEFG
13.2.1 Therapeutic footwear with rigid rocker sole
Lopez-Moral 2019 B 26 16 25 100.0% 0.17 [0.05, 0.57] t CTTTTT T
Subtotal (95% Cl) 26 25 100.0% 0.17 [0.05, 0.57]
Total events B 16
Heterogeneity: Mot applicable
Test for overall effect: 2= 2.85 (P =0.004)
Panel B
13.2.2 Insoles/therapeutic footwear
Rizzo 2012 17 148 58 150 35.3% 0.21[0.11, 0.38] -
Utcioli 1995 a 33 21 36 28.8% 0.27 [0.10, 0.74] —a—
Reiber 2002 26 121 38 160 35.9% 0.88 [0.50, 1.55] -+
Subtotal (95% Cl) 302 346 100.0% 0.37 [0.14, 1.03] L 2
Total events 52 117
Heterogeneity: Tau®= 0.66; Chi*= 12,67, df= 2 (P = 0.002); F= 84%
Test for overall effect: Z=1.90 {P = 0.06)
Panel C
13.2.3 Pressure-optimised insoles/footwear
Ulbrecht 2014 6 66 16 64 41.2% 0.30[0.11, 0.83] —— (11T T 117
Bus 2013 33 85 38 86 58.8% 0.80 [0.44, 1.47] : LTl LT T 1]
Subtotal (95% Cl) 151 150 100.0% 0.53 [0.21, 1.38]
Total events 39 54
Heterogeneity: Tau®= 0.30; Chi*= 2.66, df= 1 (P = 0.10); F= 62%
Testfor overall effect Z=1.28 (P =0.20)
0005 01 10 200

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Fig. 3 Effects of pressure relief on ulcer recurrence (Panel A: Thera-
peutic footwear with rigid rocker sole versus therapeutic footwear
with semirigid sole; Panel B: Insoles/therapeutic footwear versus own

The six studies [29, 34] included in the analyses adopted
different insoles/therapeutic footwear and compared with
different active comparator/standard of care and we therefore
decided to divide them in three different subgroups:

1) Insoles/therapeutic footwear pre-fabricated versus own
footwear (no therapeutic footwear) [31-33];

2) Pressure-optimised insoles/footwear (custom-made
footwear or standardized double extra depth footwear) ver-
sus standard therapeutic insoles/footwear [29, 34];

3) Therapeutic footwear with rigid sole versus therapeutic
footwear with semirigid sole [30];

All studies reported information on ulcer recurrence
(Fig. 3). In the first subgroup [31-33], the intervention
was associated with a statistical trend toward reduction of
ulcer recurrence (MH-OR: 0.37 [0.14, 1.03], p=0.06). No
statistical between-group differences were observed in the
second group (MH-OR: 0.53 [0.21, 1.38], p=0.20 [29, 34],
whereas the use of therapeutic footwear with rigid sole (only
one trial) showed a significant reduction of the risk of ulcer
recurrence in comparison with semirigid sole (MH-OR: 0.17
[0.05, 0.57], p=0.004) [30].

Intervention Comparison

footwear; Panel C: Pressure-optimised insoles/footwear versus stand-
ard therapeutic insoles/footwear)

All-cause mortality was reported in few studies [29, 31,
34] with no statistical differences between intervention and
control group (Fig. 7S).

No studies reported information on either amputation rate
or ulcer-free survival (some studies reported only median
values without interquartiles ranges preventing any formal
meta-analyses[29, 30, 33, 34]). No information on SAE and
QoL was available for any of the included studies, with the
exception of two trials on the second subgroup [29, 34] using
different questionnaires and observing no endpoint between-
group differences.

For the primary endpoint, (GRADE) methodology was
used to assess the quality of the body of retrieved evidence,
which was rated as “very low”.

Discussion
Ulcer recurrence represents one of the most common event

in the management of diabetic foot syndrome. Prevention
of recurrent DFUs is essential to reduce the risk of lower

@ Springer
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limb amputations, to improve the quality of life of people
with diabetes and to reduce the economic burden on national
healthcare systems.

In recent years, several preventive interventions have been
proposed, such as foot care integrated with structured educa-
tion programs, treatment of pre-ulcerative foot lesions, psy-
chological interventions and the use of therapeutic footwears
to relieve plantar pressure[13].

There are many systematic reviews and meta-analyses[13,
36-39] on the effectiveness of these interventions. Unfortu-
nately, most of these papers are affected by numerous biases,
thus providing not fully reliable results for decision making
processes [40].

We conducted a systematic review and meta-analysis of
randomized control trials to evaluate the effectiveness of
several interventions, commonly adopted to prevent diabetic
foot recurrent ulcers. The panelists of the Italian Guidelines
for the Treatment of DFS identified a series of clinical ques-
tions and possible interventions [15] using the PICO con-
ceptual framework. Other PICOs, possibly of interest for
preventing DFU reccurence, such as self-monitoring foot
skin temperature, have been rejected by the panel of experts
according to the Delphy methodology [41], already adopted
by other published clinical guidelines and consensus [42,
43].

Our meta-analysis seems to suggest that treatment of pre-
ulcerative foot lesions is unable to reduce DFU recurrence.
In particular, the use of silicone gel sheets or injected liquid
silicone are not effective in preventing recurrence, while
pedicure care shows a non significant trend toward reduc-
tion of the risk of recurrent ulcers. However, the paucity
and the scarce quality of retrieved studies strongly reduce
the relaiability of these analyses and the strength of clini-
cal recommendations. There are, in fact, only one trial [21]
and few observational studies suggesting the effectiveness of
regular callus removal in order to relieve plantar foot pres-
sure and the subsequent risk of incident foot ulcers [44, 45].
Similarly, few evidence has been retrieved on other strate-
gies, such as the use of silicone devices or topical antifungal
nail lacquer [22, 23, 46, 47], showing trivial effects on the
incidence of DFU recurrence.

Previous systematic reviews and meta-analyses assess-
ing the effectiveness of structured education programs
provided inconclusive results due to the inclusion of few
heterogenous studies (i.e. inclusion of patients either with
previous ulcers/high risk or low/moderate risk with no
subgroup analyses) [13, 37-39]. We limited our meta-
analysis only to trials performed on patients with previ-
ous DFU, also retrieving two further recently published
RCTs [24, 28] in comparison with previous articles [13,
37]. For trials enrolling both primary and secondary pre-
vention cohorts, we tried to retrieve information from the
authors of included RCTs on subgroup analyses (i.e., data

@ Springer

for patients with previous DFU only). Moreover, differ-
ently from other meta-analyses [13, 37], we considered
only recurrent ulcers defined as ulcers occured on the same
foot and at the same site of a previously healed ulcer. In
fact, van Netten and colleagues [37], considered new and
recurrent ulcers together (e.g. as done for Gershater et al.’s
study [25]) possibly generating distortions in the obtained
results.

We were therefore able to perform a formal meta-analysis
on some outcomes, such as ulcer recurrence rate (primary
outcome), only among patients with previous DFU, finding
a trend toward reduction of DFU recurrence rate in patients
allocated to structured education programs arm. Despite a
limited number of low-quality studies included, we could
provide a clinical judgment on the efficacy of education pro-
grams as preventive strategy.

Unfortunately, no trials have been retrieved on the pos-
sible effectiveness of psychological interventions as prevent-
ing strategy in patients with previous DFU. Psycological
features are well-know risk factors for incident DFU both
in patients with [8] and without [48-50] previous ulcers In
fact, depressive symptoms may reduce adherence to pre-
scribed diabetes care, impairing metabolic control [51] and
lowering compliance to prescribed foot care (wound dress-
ing, hygiene, etc.). Depression can also have several direct
effects on blood pressure, catecholamine secretion [52],
platelet function [52], and immune status [53]. The lack of
RCTs on the effects of antidepressive pharmacological or
nonpharmacological interventions did not allow any formal
clinical recommendation on this point.

The present metanalysis also considered therapeutic foot-
wears either with or without semi-rigid/rigid soles as pre-
venting strategy in patients with previous DFU. We included
three distinct categories: prefabricated therapeutic insole/
footwear versus own footwear, pressure-optimized insoles/
footwear (custom-made footwear or standardized double
extra depth footwear) versus therapeutic insoles/footwear
standard, rigid soled therapeutic prefabricated footwear ver-
sus semi-rigid soled therapeutic footwear from each other.
Previous meta-analyses [13, 36, 37] on this topic reported
heterogeneous results depending from the different inclu-
sion criteria and different footwear and orthotic interventions
subgroups considered. In the present paper, as stated above,
we decided to restrict analyses only to patients with previ-
ous DFU and to limit footwear and insole subgroups only to
three distinct categories. Our meta-analysis showed that the
use of prefabricated insoles/therapeutic footwears compared
to standard footwears reduces the risk of recurrent ulcers. In
particular, the use of prefabricated footwear wtih rigid soles
seem to confere a higher protection in reducing the risk of
ulcer recurrence in comparison with semi-rigid soles. On the
other hand, pressure-optimized insoles/footwear (custom-
made footwear or standardized double extra depth footwear)
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compared to standard therapeutic insoles/footwears did not
significantly reduce the risk of recurrent ulcers.

Furthermore, according to Rizzo, the use of prefabri-
cated therapeutic insole/footwear made it possible to avoid
approximately 55 ulcers in 12 months with a net saving of
€107,505 per year [32]. These results, despite of interest,
deserve to be confirmed in further RCTs adequately sized
and with longer follow-up.

Several limitations, possibly affecting the reliability of
the results obtained, should be recognized. For all items the
GRADE of evidence was low or very low due to the inclu-
sion of low-quality studies. The overall quality of a meta-
analysis strongly depends on the quality of included studies.
Moreover, the majority of the outcomes considered in this
paper are affected by considerably high heterogeneity, which
has not been adequately explored due to an insufficient num-
ber of retrieved RCTs. These concerns could theoretically
affect and alter some of the obtained results, suggesting
therefore caution in interpreting the overall clinical mes-
sages. However, this is the first attempt, for many of the
PICO considered, to summarize the existing literature on the
principal preventing strategies in patients with an history of
DFU in comparison with other meta-analithic publications
[13, 36, 54, 55].

Conclusions

In conclusion, to prevenent the burden of recurrent DFUs,
we have few possible strategies, mainly represented by
patient education and therapeutic footwears/insoles.

In this systematic review and meta-analysis, we found
evidence with low- certainty that the use of therapeutic
footwear, particularly rigid-soled therapeutic footwears
(moderate certainty), can effectively reduce the risk of
reulceration in diabetic patients with an history of previous
DFU. Furthermore, we found very low-certainty evidence
that structured education programs could be of help in pre-
venting reulceration (despite not achieving fully statistical
significance).

The overall take-home message of the present systematic
review and meta-analysis, performed to develop the first Ital-
ian guidelines for the treatment of DFS, is the urgent need of
adequately sized high-quality RCTs to strengthen the clinical
recommendations for preventing DFU recurrence.

Last but not least, the high relapse rate [56] confirms the
need for continuous surveillance of healed patients by mul-
tidisciplinary teams (possibly led by diabetologists [57]) to
further reduce the risk of recurrent ulcers.
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