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Abstract
Objectives: Assess the evidence supporting the impact of patient foot-care education on self-efficacy, self-care behaviour and self-care knowledge in individuals with diabetes.
Design: Systematic review registered prospectively on the PROSPERO database (CRD42019106171).
Materials and Methods: Ovid EMBASE and MEDLINE databases were searched from 1946 to end of March 2019, using search terms related to the domains diabetic foot, patient education, self-efficacy, self-care behaviour and self-care knowledge. All included studies were prospective, randomised controlled trials that assessed foot-care education interventions in individuals with diabetes and recorded an outcome related to self-efficacy, self-care behaviour and/or self-care knowledge.
Results: 13 randomised controlled trials were included, reporting on a total of 3,948 individuals. The risk of bias was high or unclear in 11 of the 13 included studies, and low in 2 studies. Both the education-interventions delivered, and the outcome assessment tools used were heterogenous across included studies: meta-analysis was therefore not performed. Eight of 11 studies identified significantly better foot self-care behaviour scores in individuals randomised to education compared with controls. Self-efficacy scores were significantly better in education groups in four of five studies reporting this primary outcome. Foot-care knowledge was significantly better in intervention versus control in three of seven studies. In general, studies assessing secondary end-points including quality of life and ulcer/amputation incidence tended not to identify significant clinical improvements.
Conclusion: The available evidence is of inadequate quality to reliably conclude that foot-care education has a positive impact on foot self-care behaviour and self-efficacy in individuals with diabetes. Quality data supporting accompanying benefits on quality of life or ulcer/amputation incidence are also lacking and should be considered as an important outcome measure in future studies.

Keywords
Diabetic Foot; Patient Education; Self-Efficacy; Self-Care Behaviour; Diabetes


Introduction
The global prevalence of diabetes in adults increased from 4.7% in 1980 (1) to 8.4% in 2017 (2). A significant complication of diabetes is diabetic foot ulceration (DFU). DFU is a major cause of disability and mortality, and represents a common reason for inpatient hospital admission (3). The lifetime incidence of DFU is estimated to be between 15-25% amongst individuals with diabetes (4), with re-ulceration rates estimated at 65% after five years (5). Poor wound-healing and re-ulceration secondary to concomitant peripheral arterial disease, infection and neuropathy, can further complicate the management of DFU (5).

Non-healing or infected ulcers can lead to limb amputation. Diabetes-related amputation confers a 7-year mortality rate of over 50% in individuals with diabetes without chronic kidney disease, and over 70% in those with co-existing chronic kidney disease (6). Furthermore, individuals with DFU-related amputations have a reduced quality of life (7) and are at high risk of psychological distress (8). Studies have also shown that DFUs not only impact the affected patients, but also reduce their caregivers’ quality of life (9).

The clinical and financial burdens posed by DFU are significant, with cost estimates of £580 million for the National Health Service in the United Kingdom (10) and between $9 and $13 billion in the United States of America (11). Ulcer prevention strategies are therefore imperative and foot care education may represent one such strategy. Indeed, International Working Group on the Diabetic Foot (IWGDF) guidelines recommend providing individuals with diabetes at risk of foot ulceration with “education aimed at improving foot care knowledge and behaviour as well as encouraging the patient to adhere to this foot care advice” (12).

Effective foot-care education should empower individuals with diabetes with essential, comprehensible knowledge about their disease, thus enabling patients to be active participants in their own treatment and facilitate understanding of how to achieve personal health goals (i.e. self-efficacy). The self-efficacy theory argues that individuals will engage with health-care behaviours when they feel able and confident to do so (13), and in the context of diabetes, self-efficacy is relevant for improving self-care behaviour (14). Ascertaining the confidence of individuals with diabetes in their ability to perform recommended self-care behaviours provides a means of assessing self-efficacy (15).

Previous reviews have focused on clinical outcomes such as ulceration incidence or amputation rates (16,17), and identified inadequate quality evidence to infer that patient education alone is an effective means of reducing the incidence of diabetic foot ulceration and amputation. The aim of this article, specifically, is to systematically review the literature to understand the impact of patient foot-care education on foot-care knowledge, foot self-care behaviour, and self-efficacy in individuals with diabetes.


Materials and Methods
The study was conducted in adherence to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standards (18). The study protocol is available from PROSPERO (ID: CRD42019106171).

Medline and EMBASE databases were systematically searched (via the Ovid interface from 1947-2018) from 1946 to 13th March 2019. No date limits were applied. Basic search terms and Medical Subject Heading (MeSH) terms were combined to form search domains (Appendix 1). Domains were related to the condition: diabetic foot; the intervention: patient education; and the primary outcomes: self-care behaviour, self-care knowledge and self-efficacy. Hand searching of reference lists of important articles was performed to identify any further relevant publications.

Two authors (JE and RG) performed the search independently and compared results at each stage. Authors JE and RG independently performed the title/abstract screen and subsequently the full text screen. Conflicts were resolved by discussion or referral to a third author (SO) where necessary.

[bookmark: _GoBack]The inclusion criteria were defined during protocol creation. Included studies were randomized controlled trials (RCTs) assessing the effects of patient foot-care education interventions on self-care/self-efficacy behaviour in individuals with both type 1 and 2 diabetes; full-text, available in the English language and involving 10 or more subjects. No age limits of individuals within included studies were applied. Non-RCTs were excluded, as were: studies reporting exclusively on individuals without diabetes; studies in which educational interventions were not centred around foot-care and studies in which foot-care education measures were not the unique intervention. 

Primary outcomes were foot self-care behaviour, foot self-care knowledge and self-efficacy. Secondary outcomes included effects on quality of life, mood, ulcer incidence, amputation incidence and glycated haemoglobin (HbA1C). Studies were excluded if none of the primary outcomes were assessed.

Data were extracted onto a pre-determined data-extraction table by authors JE and RG independently. No discrepancies in data-extraction were observed.

Quality assessment
Review authors JE and RG used the Cochrane Risk of Bias Tool (19) to independently assess the risk of bias in studies for the following domains: sequence generation; allocation concealment; blinding of outcome assessment; incomplete outcome data; selective outcome reporting; and other sources of bias (e.g. significant differences of baseline characteristics of intervention and control groups). Domains were graded as high risk, low risk or unclear risk of bias for each RCT, and outcomes are presented in Table 1, with accompanying justifications for the grading. Assessment of blinding of participants was not performed because the nature of the intervention meant that participant blinding was not feasible. Disagreement was resolved by discussion when necessary.


Results
Thirteen randomised, controlled trials were identified from the database search, reporting on a total of 3,948 individuals (Figure 1). Study sample sizes ranged from 40 (20) to 1,939 patients (21). Follow up duration ranged from 1-week (22) to 7-years (23), with a median follow up of 6-months. Rönnemaa et al. (24) and Hämäläinen et al. (23) reported results on the same cohort of patients, the former providing 1-year follow-up data on 733 patients (results from males and females grouped together) and the latter reporting 7-year follow-up data from 530 participants (males and females analysed separately). They are discussed as separate articles in this review, but the study sample from Hämäläinen et al. was excluded from the summation of patient numbers.

Characteristics and results from each included study are summarised in Tables 2 and 3 respectively.

Risk of bias
The risk of bias of included studies is summarised in Table 1. The risk of bias was generally unclear or high across included studies, with the exception of studies by Lincoln et al. (25) and Sharoni et al. (26) which were deemed to be methodologically low risk.

Randomisation and allocation concealment
Adequate quality of randomisation was described in 5 studies (20,22,25–27). The remaining 8 studies did not specify the protocol for sequence generation. Allocation was adequately concealed in two studies using sealed envelopes (20,26), and in one study via a computer-generated list held by an independent randomisation centre (25). The remaining 10 studies did not sufficiently describe methods of allocation concealment.

Blinding
Blinding of participants was not feasible for the intervention assessed and was thus not critiqued in the risk of bias table. Despite this, blinding of outcome assessors was a feasible means of reducing detection bias, but was not performed in 8 studies (20,23,24,27–31). The extent to which detection bias affects interpretation of questionnaires is likely variable and dependent on the nature of the questionnaire used (e.g. qualitative or quantitative).

Incomplete outcome data
Seven studies were deemed to be at high risk of attrition bias (20,21,23,24,28,29,32) because of high attrition rates with no intention-to-treat analyses performed. Only two studies (25,26) performed an intention-to-treat analysis. Two further studies (22,31) were at low risk of attrition bias because of no attrition in their respective analyses.

Selective outcome reporting
We did not request or seek trial protocols, neither did we identify any studies reporting results on fewer or more outcomes than those outlined in the methodology. Therefore, all studies were deemed to be at low risk of reporter bias from selective outcome reporting.

Other sources of bias
Several studies reported important, significant differences in baseline characteristics between intervention and control groups (21,23,24,28,32) and eligibility criteria were inadequately described in one study (31). Four studies (22,25,26,28) received charitable donations, but none reported industry funding. No other competing interests were reported.

Foot status of included patients
Seven of the thirteen studies included only patients with diabetes without an active diabetic foot ulcer (20,22–24,27–29). One study included patients with a newly healed diabetic foot ulcer (25), and a further study included individuals with an active diabetic foot ulcer (31). One study included patients at “high risk of a diabetic foot ulcer” (30) and another study included older individuals with diabetes with or without foot ulceration (26). The remaining two studies did not specify the foot status of eligible individuals (21,32).

Education interventions
Both the type and duration of foot-care educational interventions were highly variable across included studies. Ten of 13 studies used foot-care education programmes as the intervention, comprising of multiple education sessions (group and/or individual) of varying frequency and duration (21–24,26–28,30–32). Of the remaining three studies (20,25,29), two (25,29) implemented one-off individual foot-care education sessions of less than 1-hour duration, and one used a one-off education session of unclear duration (20).

Outcome measures also varied across studies. Currently, no reliable and validated scoring tool exists to assess self-efficacy, self-care knowledge or self-care behaviour in patients with diabetes. Scoring tools used by included studies are reported in Table 3. Questionnaires were generally used to assess foot self-care behaviour and knowledge, however, these were heterogenous, with lists of individual questions from the employed questionnaires frequently omitted from manuscripts. Structured interviews and podiatric foot assessments were additionally used by some studies (23,24,28). Secondary outcomes reported included changes in HbA1C values, foot ulcer and amputation incidence, quality of life and mood.

Foot-care knowledge
Seven studies (20,21,23,24,26,28,29) assessed the impact of foot-centred education interventions on foot-care knowledge. Corbett et al. (20) demonstrated better scores on the Foot-Care Knowledge Questionnaire in individuals following a single individualised foot-care education session at 12 weeks follow-up compared with controls. Rönnemaa et al. (24) showed benefits of individualised education on foot-care knowledge, identifying significantly better improvements in knowledge of diabetic foot-care in individuals receiving a series of individualised podiatrist-delivered foot-care education sessions over the course of 12-months compared with controls receiving only written instructions. However when 7-year follow-up data on 530 patients from the same cohort were analysed for males and females separately, there were no significant differences between controls and intervention subjects (23). No significant differences in foot-care knowledge scores between intervention and control groups were identified in a study (29) delivering a single 15-minute education intervention and risk assessment, or in a cluster RCT (21) involving 1939 patients, which implemented an integrated care model for diabetic feet in which patients received multiple educational visits from primary care health-professionals. In the study by Kruger et al. (28), individuals receiving “hands-on” diabetic foot-care education as well as an instructional video on foot care had higher post-intervention scores on the Foot-Care Knowledge Inventory than those randomised to watch the instructional video alone. However, the differences in scores were not significant: a small sample size with considerable loss to follow-up (20 of a total 50 randomised patients lost to follow-up) was noted in this study (28).

Self-care behaviour
Eleven studies (20,23–32) examined the effect of patient education on foot self-care behaviour, nine of which used questionnaires to measure foot self-care behaviour (20,25–32) and two which used podiatric assessments (23,24). Only two studies (26,27) used the same scoring tool (Diabetes Foot Self-Care Behaviour Scale), with the remaining seven studies each employing different tools (Table 3).

Foot self-care behaviour scores (on questionnaires/podiatric assessment) were significantly better in individuals following educational interventions compared with controls in seven (20,23–25,27,31,32) of the 11 studies. Furthermore, Kruger et al. (28) reported significant improvements in the care of toe-nails, and daily inspection and washing of feet in individuals randomised to watch an instructional video and receive “hands-on” diabetic foot-care education; no such improvements were observed in individuals randomised to watch the instructional video alone. Two additional studies (23,29) noted significantly greater improvements in foot self-care behaviour scores in intervention groups receiving foot-care education programmes, compared with controls, however significance was observed only for females in the study by Hämäläinen and colleagues (23). In one RCT of 167 individuals (29), there was no significant difference in foot self-care behaviour between individuals randomised to control (usual care) or to the intervention group receiving a 15-minute individualised foot-care education session. However, this 15-minute educational session was the shortest of all the interventions used by studies. This was also seen in the three other studies (all p<0.05) (25,27,31), Additionally, Litzelman et al. also reported that education had a significant impact on patient reported foot self-care behaviour (p<0.0001) (32).

The heterogeneity of the assessment tools used to assess foot self-care behaviour limits comparisons as to the relative efficacy of different educational interventions.

Self-efficacy
Five studies (20,22,26,29,31) assessed the impact of foot-care education on self-efficacy in individuals with diabetes. Bahador et al. (31) reported significantly better scores on the Diabetes Management Self-Efficacy Scale in individuals with a DFU who were randomised to receive weekly 2-hour foot education sessions for three months, compared with individuals randomised to usual care. Two further studies (22,26) noted significantly better improvements in self-efficacy scores in foot-educational intervention groups compared with controls using the Foot-Care Self-Efficacy Questionnaire and the Foot-Care Confidence Scale, respectively.
Seyyedrosooli et al. (22) compared self-efficacy scores between a control group and two intervention groups: one receiving foot-care education in a group setting and the other in an individual setting. Significant increases in self-efficacy scores on the Foot-Care Self-Efficacy Scale were noted in both education groups following the 3 education sessions (p=0.001), but neither was significantly more effective than the other (p=0.9).
Two studies (20,29) demonstrated no significant differences in self-efficacy scores between intervention and controls at the end of follow up, however both used a once-only intervention session. Corbett et al. (20) identified significantly better self-efficacy scores on the Foot-Care Self-Efficacy Questionnaire in individuals receiving a single, individualised foot-care education session compared with controls at 6 weeks post-intervention (p=0.014), however, the improvement was lost at 12 weeks post-intervention (p=0.286). Despite not identifying differences in self-efficacy following a 15-minute educational session on the importance of daily foot self-care, Borges et al. (29) did demonstrate that baseline diabetes self-efficacy was significantly positively correlated with foot self-care behaviours (p<0.05).
Again, the heterogeneity of assessment tools used to assess foot self-efficacy limits comparisons of the benefits of the different foot-care educational interventions.
Secondary outcomes assessed
Mood, ulcer incidence, amputation incidence, HbA1C and quality of life were assessed to varying extents and at varying frequencies in the included studies (detailed in Table 3).

Mood was assessed in only one study (25), which showed no significant changes at 12-months follow-up following a targeted one-to-one 1-hour foot-care education session. The same study demonstrated similarly non-significant changes in ulcer incidence, amputation incidence or quality of life scores: the lattermost finding was repeated by Sharoni et al. (26) in their study of older adults with diabetes receiving a targeted foot-health education programme.

HbA1C was assessed in two studies (28,30). Liang et al. (30) identified significantly lower mean HbA1C values at 2-years follow-up in individuals receiving a nurse-led foot care programme compared with controls (HbA1C: intervention 6.5% ± 2.3%; controls 7.9% ± 4.2% (p<0.01)). Kruger et al. (28) also reported significant improvements in HbA1C values in individuals receiving educational interventions, however values were not provided.

Liang et al. (30) reported significantly lower ulcer incidence in the intervention group at 24 months (intervention 0%; control 24.1% (p=0.0137)), but no significant difference in amputation rates (intervention 0%; control 6.9% (p=0.4569)). Litzelman et al’s (32) 12-month multi-faceted foot-care educational intervention manifested as a significantly lower odds ratio of serious foot lesions when compared with controls receiving usual care at 2-years following intervention inception. Rönnemaa et al’s (24) study of 733 individuals found that those randomised to receive individualised foot-care education (an average of 4.7 times in 12 months) did not have significantly different amputation or ulcer incidence rates at 12-months follow up when compared with controls receiving written instructions, a finding that persisted at 7-year follow-up (23).


Discussion
The present systematic review reports on thirteen RCTs, the majority of which were of low methodological quality and potentially underpowered due to the high attrition rates seen in most of the included studies (20,21,23,24,28,29,32). The available evidence is not strong enough to reliably suggest that providing diabetic individuals with foot-care education is an effective way of improving self-efficacy, self-care behaviour or self-care knowledge.

Studies were not combined in a meta-analysis because of the high heterogeneity of outcome assessment tools and education interventions used across included papers. We are therefore unable to reliably compare the relative efficacy of the different foot-care education interventions employed. Creation of a validated outcome assessment tool to standardise outcome measures would assist in reducing this heterogeneity.

Only two of the RCTs (25,26) included in the analysis were deemed to be at low risk of bias. They collectively reported on 248 patients and both concluded that educational interventions were effective in improving self-care behaviours in their respective diabetic populations. However, neither of these two studies found that the observed improvements in self-care behaviours were accompanied by significant improvements in important clinical outcomes when compared with usual care, including quality of life, ulcer incidence, amputation incidence or mood. The absence of clinical manifestations of foot-centred education are in-keeping with an earlier systematic review (17) published in the Cochrane Database, which focussed on the effects of patient education on the prevention of foot ulcers in individuals with diabetes. Dorresteijn and colleagues (17) concluded that there is a lack of adequate quality evidence to infer that patient education alone is an effective means of reducing the incidence of diabetic foot ulceration and amputation. Despite this, the two studies (28,30) in our analysis that assessed the effects of an education programme on HbA1C values, reported improvements following education interventions. Indeed, the study by Liang et al. (30) demonstrated significantly lower HbA1C values than controls at 2-years follow-up. HbA1C represents a measure of a patient’s general glycaemic control, with reductions in HbA1C values associated with reductions in cardiovascular events and death (33). The aforementioned improvements in HbA1C values observed following foot care education interventions are therefore potentially of significant importance.

Several education interventions identified from this review involved seemingly large demands of time and personnel; however, cost-effectiveness analyses were not available to scrutinise. The long-term financial sustainability of population-wide implementation of these interventions is therefore unclear. Furthermore, studies’ follow-up durations were typically short, so the long-term impact of educational interventions is unclear: this is a particularly important consideration given the chronic nature of the disease. Indeed, while positive impact of educational intervention on self-care knowledge and behaviour is maintained at 1-year (24,25,32) and 2-years of follow-up (30), the study with the longest follow-up (7-years) observed only minor or no differences in the level of knowledge or self-care behaviour between the education-intervention and the control group at the end of follow-up (23).

The identified deficiencies observed in the present study are in keeping with those presented in both the NICE guidelines for the management of diabetic foot problems (34) and IWGDF guidelines for the prevention of foot ulcers in at risk patients with diabetes (12), which both identified limited and inconclusive evidence to support the role of educational interventions. Despite the lack of quality evidence identified, both guidelines recommend foot care education interventions in the management of individuals at risk of diabetic foot disease. Indeed, IWGDF guidance (12) for the prevention of foot ulcers in the at risk patient with diabetes recommends “provide education aimed at improving foot care knowledge and behaviour, as well as encouraging the patient to adhere to this foot care advice”. Current European Society for Vascular Surgery guidelines states that, as part of the multidisciplinary management of patients with diabetic foot disease, foot education plays an important preventative role, if provided in a “structured and organised manner” (35). Moreover, The Society for Vascular Surgery recommend “education of the patients and their families about preventative foot care” despite the “low-level evidence and modest improvement in outcomes” (36).

Moving forward, the optimal format for delivering foot care education should be identified. NICE guidelines propose that new educational interventions are developed to target psychological and behavioural factors in the prevention of diabetic foot complications. We suggest that future educational curricula should include strategies to clearly articulate the potentially disastrous complications of diabetic foot disease; including diabetic foot sepsis, amputation and death. Prospective, adequately powered future studies should be methodologically robust, and should compare the relative efficacy of education interventions delivered as individualised programmes versus group interventions. Cost-effectiveness analyses should be analysed alongside clinical outcome measures, to identify the optimal frequency of educational sessions. Universal, standardised assessment tools for objective measurement of foot self-care behaviour, knowledge and self-efficacy should be identified and assessed alongside critically important clinical outcome measures, including quality of life, HbA1C values and rates of foot ulceration, infection, gangrene, amputation and hospital admission.

Important limitations of the present review should be highlighted. We excluded a number of studies in which diabetes education was not focussed on foot care, or in which foot-care education was not the unique intervention. This means that several studies with potentially relevant results (albeit highly heterogeneous, with significant confounding) were excluded from the analysis: this decision was made such that conclusions of this systematic review would be directly and reliably related to the provision of foot-care education specifically. Furthermore, despite rigorous adherence with appropriate systematic review methodology, it is possible that studies were missed by the search and thus inappropriately excluded from the analysis.

In conclusion, the identified evidence is of low quality due to a high risk of bias and a lack of validated outcome measures. Despite a trend towards foot-care education improving foot self-care behaviour and self-efficacy in individuals with diabetes, adequate quality data to support accompanying meaningful clinical effects (in the form of ulcer/amputation incidence, mood and quality of life) are lacking. Future studies should focus on comparing the long-term effectiveness (from reliable scoring tools combined with patient reported, clinical and financial perspectives) of different types of diabetes foot-care educational interventions to ascertain which, if any, type of education is most effective for individuals with diabetes.
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Appendix 1: Search Terms

EMBASE:
{EDUCATION or educat* OR TEACHING OR teach* OR LEARNING OR learn* OR training OR course* OR instruct*} 
AND 
{DIABETIC FOOT OR diabetic ulcer OR (diabet* AND foot ulcer*)} 
AND 
{SELF CARE OR self care OR self manag* OR empower* OR self efficac* OR action plan* OR (disease adj2 manag*) OR management plan OR management program*}

MEDLINE:
(EDUCATION or educat* OR TEACHING OR teach* OR LEARNING or learn* OR TRAINING OR training OR course* OR instruct} 
AND 
{DIABETIC FOOT OR diabetic feet OR diabetic ulcer OR diabetic foot OR (diabet* AND foot ulcer*)} 
AND 
{SELF CARE OR SELF MANAGEMENT OR self manag* or self care or empower* OR SELF EFFICACY OR self efficac* OR action plan* OR (disease adj2 manag*) OR management plan OR management program*}
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