Factors associated with healing outcomes in primary care patients with diabetic foot ulcers: a retrospective study in a multi-ethnic sample
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Abstract 

Objective
To identify and determine patient- and ulcer- related factors associated with healing outcomes within 3 months for patients with diabetic foot ulcer (DFU) in a multi-ethnic primary care sample. 

Methods
Retrospective data were collected over 3 months from 520 primary care patients with a DFU between 1st April 2016 and 31st March 2017 in a multi-ethnic sample. Multivariable prevalence ratios (PR) were calculated using Poisson regression to find associations between patient and ulcer related factors and ulcer healing outcomes.   

Results
The majority of patients were male (66%), of Chinese ethnicity (49.8%) and had a diabetes mellitus duration >5 years (81.8%). Toe ulcers (64%) were most common. Healing occurred for 33.9%, 19.1%(minor) and 1.5% (major) underwent amputation respectively. Wound sizes between 1-10cm2 (PR: 0.61, 95% confidence interval (CI): 0.46-0.76, P<.001) and >10cm2 (PR: 0.55, 95% CI: 0.33-0.76, P=.003), ulcer duration ≥6 months (PR: 0.36, 95% CI: 0.19-0.53, P<.001), ischemic (PR: 0.54, 95% CI: 0.22-0.86, P=.044), and neuroischaemic ulcers (PR: 0.73, 95% CI: 0.53-0.93, P=.027) were negatively associated with healing outcomes. Female patients had a favored ulcer healing (PR: 1.18, 95% CI: 0.91-1.45, P=.157).  

Conclusions 
DFU Healing was associated with gender and affected by larger wound size, longer wound duration and ischemic aetiology, regardless of ethnicity. Prompt attention to these risk factors may reduce healing time. Further studies are warranted to elucidate the mechanism underlying gender differences in association with DFU healing. 
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Introduction

Diabetic foot ulcer is a severe complication of diabetes mellitus, that affects between 40 and  60 million people globally1. The global prevalence and annual incidence of diabetic foot ulcer has been estimated at 1.7% and 6.3% respectively in the diabetes population 2. It has been predicted that as much as 15% to 25% of patients with diabetes may develop a diabetic foot ulcer during their lifetime 3. Once a patient develops a diabetic foot ulcer the recurrence rate is up to 40% that they may develop a new one within 1 year 2. Diabetic foot ulcers  are also common precursors to lower extremity amputation, with lower limb amputations affecting between 25% to 28% of patients with diabetic foot ulcer 4,5. Slow or delayed healing of diabetic foot ulcers are associated with a greater risk of diabetic lower limb amputation 6–8 which can be either minor (foot and toes) or major (above ankle) 9. 

In Singapore, diabetes is a huge challenge for the healthcare system as the prevenlence has increased rapidly in the past two decades, and is likely to increase to 15% in year 2050 10. Due to the high prevalence of diabetes in Singapore, diabetes-related lower extremity amputations have increased from 11.0 per 100,000 population to 13.3 per 100,000 population between year 2008 and 2013 11. Compared to other chronic wound patients in Singapore, patients with diabetic foot ulcer are considered to be the frailest and they also often have  more comorbidities 12. Diabetes is also associated with a lower quality of life and an increased risk of early death for affected patients 1. Patients with diabetes related amputation have also reported to experience physical, psychosocial and financial distress13.  

Given the detrimental impact of diabetic foot ulcers on individuals, healthcare systems and society, it is crucial to identify factors associated with ulcer healing to improve healing outcomes and enable predictions of clinical outcome 14. This information could be used when developing prophylactic strategies to reduce complications and offer appropriate treatments for optimal timely healing of DFU. Factors affecting healing of diabetic foot ulcer and progression from diabetic foot ulcer to diabetic lower limb amputation are often associated with multiple individual aspects, such as disease (presence of end-stage renal failure, increasing age, heart failure, presence of peripheral arterial disease, loss of protective sensation and characteristics of diabetic foot ulcer (e.g. prior minor amputation, wound size, location and presence of infection) 15. 

Having a deeper understanding about how those factors may impact healing outcomes is  pertinent for efficient decision making about care to optimize treatment 16,17. Healing times for diabetic foot ulcer that exceeds 3 months is commonly used as the end point for delayed healing and has been extensively used as a benchmark by various studies to assess healing outcomes 18–20. Although there is a growing body of research in the area of diabetic foot ulcers from an international perspective, there is no evidence from the primary care setting in Singapore, where most of those wounds are treated. Therefore, the aim of this study was to identify and describe factors pertaining to patient and ulcer characteristics that may affect healing within 3 months in the primary health care setting. 


Methods 
Study design and subjects 

The researchers performed a retrospective review of electronic medical record of all patients with diabetic foot ulcer who received wound care between 1st April 2016 and 31st March 2017 at nine different primary care settings operated by the National Healthcare Group Polyclinics in Singapore. National Healthcare Group Polyclinics serves a substantial  proportion of the population in the central and northern parts of Singapore and provides a comprehensive range of primary healthcare services including wound care 21. 

The study population were all patients with diabetic foot ulcer and/or post-amputation ulcers that attended the study sites consecutively within the study period. The patients were followed over 3 months and the electronic medical record data extraction started with their first contact with the polyclinic. The data extraction followed a standardized extraction form developed by the research team and wound care specialists. This form was based on research literature, clinical guidelines and expert opinions. Four nurses specialized in wound care extracted the data from the electronic medical record after receiving training to ensure the standard quality control of the data collection. Queries related to the data collection were solved by discussions with the wound nurse specialist that developed the study protocol. Ethical approval was granted from the local institute review board at National Healthcare Group (DSRB Refer No. 2017/00588) prior to data extraction.

Variables 

Diabetic foot ulcers were defined as a full-thickness wounds located distal to the ankle (level of malleoli) 8. Post-amputation ulcers were defined as wounds located on any part of the foot after a recent minor amputation procedure 22 but excluded ulcers that healed by primary intention. The extracted data from electronic medical record comprised the following:

i. Patient-related variables: demographics (age, gender, body mass index, ethnicity), diabetes status (duration of diabetes, latest HbA1c value in the past one month, healthcare institutions for diabetes treatment), which were collected at the first clinical visit for foot ulcer treatment. The first clinical visit was the first date the patient attended the polyclinics for foot ulcer care between 1st April 2016 and 31st March 2017.
ii. Diabetic foot ulcer variables were collected on the first clinical visit and included wound sizes (areas) (cm2), duration, locations, type of ulcer (neuropathic, ischemic and neuroischemic ulcer) based on definition of wound etiology 23. Wound sizes were calculated by multiplying the longest and widest perpendicular areas since this method is most commonly used and described as most reliable in the literature 24. Ischemic ulcers were recorded if peripheral artery disease was evident based on the diagnosis in the patient record or as either toe blood pressure < 50mmHg, ankle pressure < 90mmHg, ankle‐brachial index <0.90, toe-brachial index <0.70, and/or absence of two foot pulses. 
iii. Other healing-related variables were also collected on the first clinical visit and included history of previous diabetic foot ulcers, previous amputation, end stage renal failure, frequency of diabetic foot screening and referral to emergency department. “Referral to emergency department” was recorded if a patient with diabetic foot ulcer was referred to emergency department on the first clinical visit because the foot ulcer was severely infected or critically ischemic. 
iv. Diabetic foot ulcer healing outcomes were collected between the first clinical visit until their foot ulcer healed or not at the 3 months study period, and was recorded as: 1) healed, 2) healing in progress, 3) minor amputation, 4) major amputation, and 5) death/unhealed. A wound was considered healed if the skin was intact on the whole foot 8. Death/unhealed was defined as death without healing within 3 months from the first clinical visit 25. 

Statistical analysis

Descriptive statistics was used to describe the overall baseline characteristics of patients. Continuous variables were reported as mean and standard deviation (SD), and categorical variables were reported as frequencies and percentages. The proportion (or prevalence) of healing within 3 months was calculated for each included factor. The numerator for prevalence was the number of individuals healed within 3 months’ time-period.

The researchers calculated prevalence ratios rather than odds ratios to prevent overestimation in measuring strength of association 26. Prevalence ratio indicates how large is the prevalence of an event/outcome in one group of individuals with characteristics relative to the group without the characteristics. A Poisson regression with robust variance based on Huber’s sandwich estimator 27 was performed to examine the association between healing within 3 months and patient demographic, ulcer status, and other clinical factors. The results of the Poisson regression are presented as prevalence ratios (PRs), 95% confidence intervals (CIs). Univariable and multivariable regression models were fitted to explore the strength of association. To ensure validity of the results, the researchers checked collinearity (where variance inflation factor >10) between covariates in the model. The researchers also checked the clinically meaningful interactions by including cross-product terms and were considered significant if p < 0.1. Variables selection was done via stepwise backward selection in hierarchical fashion. A conservative probability less than 0.2 (instead of 0.157 as suggested in literature) was used to include a variable in the final model 28. Additionally, full model was also fitted by including all predictors. To check overfitting between stepwise and full model, Akaike information criterion and Bayesian information criterion (BIC) were calculated to compare both models29,30. A model with lower AIC and BIC was selected as final model (i.e., stepwise backward selection model). A two-sided p-value of <0.05 was considered statistically significant. Statistical analysis was carried out using Stata software version 16.1 (StataCorp, College Station, TX, USA).

Results
Background demographic and characteristics of patients and diabetic foot ulcers

The researchers reviewed the electronic medical records of 520 eligible patients. The background and demographic of patients and the clinical characteristics of their diabetes foot ulcerations are reported in Table 1. Most of participants were male (66%), the majority were of Chinese ethnicity (49.8%), and 81.8% of the sample had a diabetes duration > 5 years (81.8%). In the sample, 16.2% of the patients had been referred to hospital emergency department on their first ulcer presentation at the primary care clinic. Approximately 80% of foot ulcers had a duration < 6 months. Toe ulcers were the most common diabetic foot ulcer and made up more than half of study population (64%). Approximately one third of the ulcers (33.9%) healed within 3 months, 19.1% required a minor amputation, and 1.5% of the study sample underwent major amputation. More neuropathic ulcers (41.1%) healed compared to neuroishaemic (26.7%) and ischemic (18.7%) ulcers within 3 months.  Proportion of unhealed and healed ulcers within 3 months by type of diabetic foot ulcer is shown in Figure 1. 

Univariate prevalence ratios for factors associated with healing within 3 months

Proportion of healed ulcers within 3 months and univariate associations between background factors and healing are presented in Table 2. The percentage of healing varied from 13.5% (ulcer duration) up to 50.9% (ulcer size <1cm2). The Poisson regression revealed the following factors as related to ulcer healing within 3 months in the univariate analysis: being female (PR: 1.25, 95% CI: 0.98-1.59, P=.072), having a wound size between 1-10cm2 (PR: 0.60, 95% CI: 0.47-0.77, P<.001) and >10cm2(PR: 0.49, 95% CI: 0.33-0.73, P<.001), diabetic foot ulcer duration ≥6 months (PR: 0.34, 95% CI: 0.21-0.56, P<.001), type of ulcer, ischemic (PR: 0.46, 95% CI: 0.25-0.84, P=.011) and neuroischaemic (PR: 0.65, 95% CI: 0.50-0.86, P=.002), if the wound required emergency department referral (PR: 0.67, 95% CI: 0.31-0.40, P<.001), a diabetic foot screening more than one year ago (PR: 0.67, 95% CI: 0.53-0.99, P=.040) and if there were never/no records of diabetic foot screening PR: 0.72, 95% CI: 0.53 - 0.99, P=.040), and a history of previous amputation (PR: 0.68, 95% CI: 0.49-0.95, P=.024).  Unrelated factors for diabetic foot ulcer healing within 3 months in univariate analysis were: age, race, body mass index, wound depth, ulcer location, wound infection, duration of diabetes, institutions for treatment of diabetes, HbA1c value, history of previous diabetic foot ulcers, and history of end stage of renal failure.  

Multivariable regression analysis and factors associated with healing within 3 months

In the multivariable regression, ischemic ulcers (PR: 0.54, 95% CI: 0.22-0.86, P=.044), neuroischemic ulcers (PR: 0.73, 95% CI: 0.53-0.93, P=.027), ulcer duration ≥6 months (PR: 0.36, 95% CI: 0.19-0.53, P<.001), wound size 1-10cm2(PR: 0.61, 95% CI: 0.46-0.76, P<.001) and >10cm2(PR: 0.55, 95% CI: 0.33-0.76, P=.003) all remained independently inversely associated with healing within 3 months. The stepwise backward selection model showed that being female (PR: 1.18, 95% CI: 0.91-1.45, P=.157) was the only factor that strongly favored diabetic foot ulcer healing within 3 months while type of ulcer, ulcer duration and size of the ulcer were weakly favored in regards to ulcer healing within 3 months. The final multivariable model can be seen in Figure 2.

Sensitivity analysis

In addition to the stepwise backward model, the researchers also fitted full model to check the model overfitting and direction of effect estimates. AIC and BIC values were higher in the full model indicating the main stepwise backward model was better fit and not overestimating effect estimates. Furthermore, the direction of the effect estimates was similar in both full and stepwise backward model). Results of full model are attached as supplementary materials (see supplementary Table S1).

Table 1: Background demographic and characteristics of participants and ulcerations
	Background characteristics
(N=520)
	N (%)/ mean (SD)
	Background characteristics (N=520)
	N (%)

	Demographic variables
	
	Other clinical variables
	

	Age (years) (mean (SD))
	66.3 (11.3)
	Duration of DM
	

	BMI (kg/m2) (mean (SD))
	26.7 (5.8)
	<5 years
	95 (18.2)

	Gender
	
	≥5 years
	425 (81.8)

	Male
	343 (66.0)
	Treatment of DM
	

	Female
	177 (34.0)
	Polyclinic
	229 (44.0)

	Race
	
	Hospital
	238 (45.8)

	Chinese
	259 (49.8)
	GP or self-manage
	53 (10.2)

	Malay
	154 (29.6)
	Management of DM
	

	Indian
	97 (18.7)
	Diet control
	36 (6.9)

	Others
	10 (1.9)
	Oral hypoglycemic agents
	228 (43.9)

	DFU related variables
	
	Insulin
	76 (14.6)

	Wound size (cm2) (mean (SD))
	7.0 (12.5)
	Oral and insulin
	156 (30.0)

	Wound depth (cm)
	0.5 (0.9)
	No record
	24 (4.6)

	Duration of DFU
	
	HbA1c
	

	<6 months
	409 (78.6)
	<7%
	99 (19.0)

	≥6 months
	111 (21.4)
	≥7%
	340 (65.4)

	DFU management before polyclinic
	
	Not done or recorded
	81 (15.6)

	Self-referral after ulcer debut
	244 (46.9)
	Diabetic foot screening
	

	Referred from hospitals
	198 (38.1)
	Within one year
	83 (16.0)

	Referred from GPs
	22 (4.2)
	More than one year ago
	258 (49.6)

	Self-referral after failed wound self-care
	56 (10.8)
	Never/no record
	179 (34.4)

	Ulcer on toe only
	333 (64.0)
	History of previous ulcer
	232 (44.6)

	Ulcer on toe and others (plantar/heel/dorsum)
	26 (5.0)
	History of previous amputation
	124 (23.9)

	Ulcer on plantar only
	123 (23.7)
	History of ESRF
	71 (13.7)

	Ulcer on heel only/ dorsum only/ more than two locations other than toe
	93 (17.9)
	
	

	Type of DFU
	
	
	

	Neuropathic
	285 (54.8)
	
	

	Ischaemic
	48 (9.2)
	
	

	Neuroischaemic
	187 (36.0)
	
	

	Wound infected (on oral antibiotics)
	297 (57.1)
	
	

	Emergency referral
	84 (16.2)
	
	

	Healing outcomes
	
	
	

	Healed within 3 months
	176 (33.9)
	
	

	Require more than 3 months (healing in progress)
	181 (34.8)
	
	

	Require minor amputation (below ankle)
	99 (19.1)
	
	

	Require major amputation (above ankle)
	8 (1.5)
	
	

	Lost to follow up
	49 (9.4)
	
	

	Died
	7 (1.3)
	 
	 


DFU: diabetes foot ulcer; DM: diabetes mellitus; GP: general practitioner; ESRF: end stage renal failure




Table 2: Univariate prevalence ratios with 95% confidence intervals for factors associated with healing within three months

	Background factors
	Total
	% healed within
three months
	PR
	9%%CI
	P-value

	Demographic variables
	
	
	
	
	

	Age group
	
	
	
	
	

	<60 years
	140
	34.3
	1 [Ref.]
	
	

	60-74 years
	262
	35.9
	1.05
	0.79 - 1.39
	0.752

	≥75 years
	118
	28.8
	0.84
	0.58 - 1.21
	0.351

	Gender
	
	
	
	
	

	Male
	343
	31.2
	1 [Ref.]
	
	

	Female
	177
	39.0
	1.25
	0.98 - 1.59
	0.072

	Race
	
	
	
	
	

	Chinese
	259
	32.8
	1 [Ref.]
	
	

	Malay
	154
	35.7
	1.09
	0.83 - 1.43
	0.546

	Indian and others
	107
	33.6
	1.03
	0.75 - 1.41
	0.878

	BMI
	
	
	
	
	

	Normal
	212
	33.0
	1 [Ref.]
	
	

	Overweight
	198
	31.3
	0.95
	0.72 - 1.26
	0.712

	Obese
	110
	40.0
	1.21
	0.90 - 1.63
	0.208

	DFU variables
	
	
	
	
	

	Woud size
	
	
	
	
	

	< 1 (cm2)
	108
	50.9
	1 [Ref.]
	
	

	1-10 (cm2)
	316
	30.7
	0.60
	0.47 - 0.77
	p<.001

	>10 (cm2)
	96
	25.0
	0.49
	0.33 - 0.73
	p<.001

	Wound depth
	
	
	
	
	

	<0.5 cm
	317
	36.0
	1 [Ref.]
	
	

	≥0.5 cm
	203
	33.9
	0.85
	0.66 - 1.10
	0.208

	DFU duration
	
	
	
	
	

	<6 months
	409
	39.4
	1 [Ref.]
	
	

	≥6 months
	111
	13.5
	0.34
	0.21 - 0.56
	p<.001

	Ulcer on toe only
	333
	33.6
	0.98
	0.77 - 1.26
	0.891

	Ulcer on toe and others (plantar/heel/dorsum)
	26
	23.1
	0.67
	0.33 - 1.37
	0.272

	Ulcer on plantar only
	123
	30.9
	0.89
	0.66 - 1.20
	0.436

	Ulcer on heel only/ dorsum only/ more than two locations other than toe
	93
	35.5
	1.06
	0.78 - 1.44
	0.710

	Type of DFU
	
	
	
	
	

	Neuropathic
	285
	41.1
	1 [Ref.]
	
	

	Ischaemic
	48
	18.8
	0.46
	0.25 - 0.84
	0.011

	Neuroischaemic
	187
	26.7
	0.65
	0.50 - 0.86
	0.002

	Wound infected (on oral antibiotics)
	297
	34.7
	1.06
	0.83 - 1.35
	0.644

	Emergency referral
	84
	25.0
	0.70
	0.31 - 0.40
	p<.001

	Other clinical variables
	
	
	
	
	

	Duration of DM
	
	
	
	
	

	<5 years
	95
	40.0
	1 [Ref.]
	
	

	≥5 years
	425
	32.5
	0.81
	0.61 - 1.08
	0.147

	Treatment of DM
	
	
	
	
	

	Polyclinic
	229
	36.7
	1.02
	0.69 - 1.52
	0.910

	Hospital
	238
	30.7
	0.86
	0.57 - 1.29
	0.454

	GP or self-manage
	53
	35.9
	1 [Ref.]
	
	

	HbA1c
	
	
	
	
	

	<7%
	99
	34.3
	1.03
	0.68 - 1.56
	0.887

	≥7%
	340
	33.8
	1.02
	0.72 - 1.43
	0.933

	Not done or recorded
	81
	33.3
	1 [Ref.]
	
	

	Diabetic foot screening
	
	
	
	
	

	Within one year
	83
	45.8
	1 [Ref.]
	
	

	More than one year ago
	258
	30.6
	0.67
	0.50 - 0.90
	0.008

	Never/no record
	179
	33.0
	0.72
	0.53 - 0.99
	0.040

	History of previous ulcer
	232
	30.6
	0.84
	0.66 - 1.07
	0.164

	History of previous amputation
	124
	25.0
	0.68
	0.49 - 0.95
	0.024

	History of ESRF
	71
	25.4
	0.72
	0.48 - 1.10
	0.125


PR: prevalence ratio; Ref.: reference category; CI: confidence interval; DFU: diabetes foot ulcer; DM: diabetes mellitus; GP: general practitioner; I: end stage renal failure
Figure 1: Proportion of unhealed and healed cases within three months by type of diabetes foot ulcer
[image: C:\Users\prf49.MERCIA\Dropbox\Analysis\Dr Julia SG\Figure 1.tif]

Figure 2: Multivariable regression analysis showing association between factors and healing within three months[image: C:\Users\Julia\Desktop\Research\DFU population based study\Manuscript\Re-analysis\From Ram_Results 280920\251020 Correction\Figure 2.tif]
Discussion

The present study did not find any associations between patient characteristics such as age, ethnicity, body mass index, duration of diabetes, healthcare institutions (hospitals, polyclinics or general practitioners) of diabetes treatment follow-up, HbA1c level, and 3 months ulcer healing outcomes. This is consistent with the findings in several other studies on diabetic foot ulcers that reported similar results 18,31–33. The present study also found that less ischemic ulcers (18.7%) healed within 3 months compared to neuropathic (41.1%) and neuroishaemic ulcers (26.7%). The univariate analysis in the present study showed that ischemic ulcers (PR: 0.46, 95% CI: 0.25-0.84, P=.011) and neuroischemic ulcers (OR: 0.65, 95% CI:0.50-0.86, P=.002) were negatively associated with healing within 3 months. Similar results have reported in other previous studies 31,34,35.

Both the univariate and multiple regression analysis in the present study found positive associations between being female and ulcer healing within 3 months (PR: 1.25, 95% CI: 0.98-1.59, P=.072, respectively PR: 1.18, 95% CI: 0.91-1.45, P=.157). These findings align with the results of a previous study 32 that diabetic foot ulcers in women were twice as likely to heal compared to those in men (P= 0.009). In addition to this, other studies have found that being male was a predictor for non-healing ulcers (OR: 1.50, 95% CI: 1.07-1.97, P=.017) 8, with males having negatively affected time to healing (HR: 0.83, 95% CI: 0.72-0.96, P=.001)6. However, some studies report to not have found any association between male patients  and effects on ulcer healing 35,36. However, there have been reports suggesting that males are  at higher risk of having to undergo diabetic lower limb amputation 11,37 as well as a higher risk of developing recurrent or new foot ulcers (OR: 1.26, 95% CI: 1.01–1.56)38, (OR: 1.71; 95 % CI 1.2–3.7) 37. This could potentially be related to differences in male and female health seeking behavior and their self-care adherence. Another possible explanation could be the gender norms in the Singaporean society where men more often have passive health-related behavior to DFU as compared to women. Previous studies have shown that male patients presented poorer self-care behaviors and lower treatment adherence to diabetes and diabetic foot care compared to female patients 39,40.  

The multivariate analysis in this study showed an association between larger ulcer size (>1-10cm2) and delayed ulcer healing within 3 months. This finding aligns with several previous studies that found that wound size is significantly correlated with wound healing (HR: 1.014, 95% CI: 1.002-1.027, P=.027)41, and that a larger ulcer size was a predictor for non-healing or delayed ulcer healing 8,20,31,42. In the present study, the results showed that ulcers <1cm2 had the highest healing proportion (50.9%) compared to ulcers 1-10cm2 (30.7%) and ulcers >10cm2(25.0%). The univariate analyses revealed that ulcer sizes 1-10cm2 (PR: 0.60, 95% CI: 0.47-0.77, P<.001) and >10cm2 (PR: 0.49, 95% CI: 0.33-0.73, P<.001) were negatively associated with healing within 3 months. These findings are in line with the results reported by a recent study 36 that healing time was significantly longer for patients with a ulcer size >10cm2 compared to those with an ulcer size between 2–10cm2, or ulcer size of <2cm2. 

The univariate analysis in the present study also found that ulcer duration ≥ 6 months was negatively associated with healing (PR: 0.34, 95% CI: 0.21-0.56, P<.001), however, this was not significant in the multivariable analysis (PR: 0.35, 95% CI: 0.18-0.52, P<.001). A previous study reported that a longer duration of ulcers showed decreased healing process (B= -0.038, HR: 0.963, 95% CI: 0.918-1.010, P=.121)6,8,33,41 and the range of ulcer duration was from 1 month (PR: 0.187, 95% CI: 0.111–0.313 0.479, P<.001) 33 up to 3 months (OR: 2.61, 95% CI: 1.60-4.27, P<.001) 8, (HR: 0.69, 95% CI: 0.52-0.91, P=.001)6. To avoid diabetic foot ulcers to become chronic more vigilant care and early interventions must be considered to treat and enable favorable healing outcomes. Preventing diabetic foot ulcers from evolving into chronic and complicated ulcers, which have an overall higher risk of amputation, could possibly have positive effects on patients quality of life as well as reduce healthcare costs if amputations were to be avoided43. 

In the present study the univariate analysis showed that prior amputation history was associated with ulcer healing (PR:0.68, 95% CI: 0.49-0.95, P=.024), however, this was not significant in the multivariable analysis (PR:0.77, 95% CI: 0.52-1.02, P=.116). One previous study found that the healing time for patients with a history of amputation was longer compared to  patients with no history of amputation (P=0.004)36. This could possibly be related to patients’ suboptimal functional status and that post-amputation patients are at higher risk of delayed healing, re-ulceration, as well as re-amputation, since they require more care and support related to rehabilitation needs after the procedure 13. 

In relation to healing outcomes of diabetic foot ulcer, the healing rate in the present study (33.9%) is similar to healing rates reported in the United States of America’s wound registry (30.5%) 19, but the healing rate in the present cohort is relatively low compared to the findings from a  Canadian  (52%)42 and an Australian (47%) study 18. This could be explained by the fact that patients in the two mentioned studies 18,42 were cared for in multidisciplinary specialist clinics and they also had smaller wound sizes (median 0.55cm2, 0.05 to 22.50)42 (mean wound area of 1.92cm2, SD: 2.97)18 compared to the patients in the present study (7.0cm2 SD: 12.5). This further emphasizes the urgency to treat diabetic foot ulcers at an early stage by a multidisciplinary team when they are smaller in size and less complex. Additionally, co-morbidities and personal adherence may play a greater role than the place of treatment as well as using nursing as the primary wound practitioner.

The present study found that only 16% of the patients had attended their recommended diabetic foot screening within 1 year, which includes a foot examination and patient education for ulcer prevention. The descriptive results in the present study showed that more ulcers healed for those patients who attended their recommended foot screening within 1 year (45.8%) compared to those who attended their foot screening longer than a year ago (30.6%). The univariate analysis in this study also revealed that attending foot screening more than a year ago (PR: 0.67, 95%CI 0.50-0.90, P=.008) and never attend/no records of foot screening (PR: 0.72, 95% CI: 0.53 - 0.99, P=.040) were negatively associated with healing outcomes. This finding is supported by a previous study which reported that non-adherence to recommended treatment plans may lead to delayed ulcer healing 7, and even lower limb amputation 44. 

Recommendations from International Working Group on the Diabetic Foot guidelines from year 2019, suggests that diabetic foot screening should be frequent, ideally as often as once a month  up to once a year based on the level of ulcer risk 45. The guidelines emphasize to screen patients with diabetes at-risk for diabetic foot ulcer to identify risk factors early and prevent first or recurrent ulcers 45. The researchers therefore argue that healthcare professionals in primary care should focus on identifying and addressing those factors associated with non-adherence to recommended treatment in order to maximize primary and secondary prevention of diabetic foot ulcer, and increase chances for early treatment and fast healing.
A recent study from year 2017 suggested that diabetic foot ulcers and ulcer infections constitute a risk factor for emergency department visits and hospital admission 46. In the present study, the researchers found that 16.2% of patients were referred to hospitals for emergency care on their first presentation at the primary care clinics. Referrals to emergency department were associated with delayed ulcer healing within 3 months (PR 0.70, 95% CI: 0.31 - 0.40, P<.001) and this effect was also seen in the multivariate analysis (PR: 73, 95% CI: 0.45-1.02, P=.116) of the present study. The association between referrals for emergency care and non-healing within 3 months could possibly be explained by that those ulcers were considered more complicated with deep/extensive infection or severe ischemia therefore required more urgent and invasive treatments and even hospitalization to save patients  lower limbs47. Diabetic foot ulcers that required emergency care when first presented to primary care were more severe and complicated which may be related to delays in seeking professional medical help after identified a foot problem, or delays in identifying foot ulcers due to a lack of foot self-care knowledge. Further research is recommended to explore diabetic foot ulcer patients’ health seeking behavior and their knowledge of self-care related to treatment adherence. 

The descriptive analysis of the present study revealed that more than half of the patients (65.4%) in the present study had abnormal HbA1c >7% and most of patients had diabetes >5 years. Patients with previous history of diabetic foot ulcer and diabetic lower limb amputation made up 68.5% of study population. These findings corroborated the two preceding factors (low adherence rates to recommended foot screening and high rates of emergency department referral due to late presentation of diabetic foot ulcer in primary care) and further elucidated the complexity of diabetes/diabetic foot ulcer care, including both management and prevention in primary care.  A previous study has reported that up to 98% of diabetes management is self-care 48. The International Working Group on the Diabetic Foot guidelines, recommend patients with diabetic foot ulcer to perform daily foot self-care and seek professional help in a timely manner for any foot problem 45. Knowledge regarding warning signs for ulcer deterioration relates to patients healthcare seeking behavior 49 and it is therefore important to enhance patient’s self-management knowledge in order to improve treatment adherence (i.e. self-care and health seeking behaviors) 47. Both knowledge and behavioral change should be the priority in foot self-care and self-management to achieve optimal healing. Further studies are required in order to develop educational and behavioral interventions to improve clinical outcomes for healing of diabetic foot ulcers. 

The present study is the first study in Singapore from primary care perspective which identified factors associated diabetic foot ulcer healing outcomes within 3 months. In Singapore and the global context, most follow-ups in wound care, including care for diabetic foot ulcers, is performed by healthcare professionals, in particular, nurses, in primary care settings 50. The researchers believe that the findings of this study will add valuable information for clinical decision making by healthcare providers in primary care for better DFU care. 

Limitations includes that the data collection was based on retrospective electronic medical records data, hence some desired variables that were not recorded, such as if patient was a former or current smoker, previously ulcer classifications, other clinical indications and biomarkers, i.e. congestive heart failure, types of diabetes, C-Reactive Protein value, wound infection markers, ulcer staging and psychosocial status, could not be retrieved. 

Conclusions 

This study focused on a study sample with diabetic foot ulcer from primary care settings in Singapore and described factors, such as, patient and ulcer characteristics associated with ulcer healing outcomes within 3 months. The findings revealed that male patients, larger sized diabetic foot ulcers, longer duration of the ulcer and ischemic etiology were related to poor healing within 3 months. Prompt attention to these risk factors may reduce healing time. Further prospective studies are warranted to understand factors associated with wound healing, particularly, elucidate the mechanism underlying gender differences in association with DFU healing. Understanding factors associated with poor healing may assist clinicians to improve risk profiling of diabetic foot ulcer treatment and inform future interventions, to improve knowledge and treatment adherence in this patient group. 
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