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ABSTRACT 

 

 Diabetic foot ulcers are a difficult clinical entity.  The healing is often delayed 

due to a number of factors. We also propose in this work the concept of the six 

detriments to healing a DFU (poor glycemic control, infection, failure to offload the 

foot, poor nutrition, poor vascular supply, deformity and smoking) - a novel method 

of approaching the treatment of DFUs but also an important consideration of 

studying this problem as potential confounders in outcome.  This work will describe 

both the literature associated with these detriments to healing as well as attempt to 

describe their inter-relations.  Furthermore, we test the hypothesis that one of the 

potential detriments to healing (poor glycemic control) has a direct negative impact 

on the healing of a DFU.  This is done through a cohort design study of patients in a 

single outpatient clinic undergoing treatment for their DFU.  
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 CHAPTER 1 INTRODUCTION 

 

 All branches of medicine have a particular condition or pathology that is a 

challenge to manage. Perhaps it is because the patient population has psychosocial 

factors that make meaningful change in a condition difficult to accomplish; or, 

perhaps it is because the pathophysiology is complex and poorly understood 

making successful treatment a far reach.   In many circumstances both factors may 

be present. 

 

 For a foot and ankle surgeon, some of the most difficult patients to treat are 

those with a diabetic foot ulcer  (DFU).  To begin, they often have a chronic and long-

standing medical problem.  They present to a physician when the wound has been 

present for weeks or months.  These patients frequently have other co-morbidities 

such as cardiac and renal disease and spend a great deal of time at hospitals and 

clinics for ongoing care.  These patients generally require a substantial investment 

in time by the surgeon.  Their initial appointment may last many times over the 

normal orthopedic visit duration and they will need to be seen as often as every 

several weeks.  These patients may also have challenging social circumstances that 

make patient driven change difficult.   The treating physician will need to rely on 

many other consultants for their expertise - which can be difficult to coordinate.  

Finally, it will often be difficult to evaluate whether meaningful improvement is 

occurring with the DFU.  Yet, it is difficult to imagine a patient population that 
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stands to benefit more from coordinated care than the population of patients with a 

DFU or, stated in another way, a ‘foot at risk’.  

 

 Diabetic foot ulcers have not been well studied in the literature, which is 

likely due to the complexity of the problem.  This research takes a first step towards 

better categorizing the problem and proposed treatments.  It represents an attempt 

to place DFUs into the context of rigorous scientific study – by proposing a well-

defined research question, scientifically sound methodology, and interpretation of 

results.  But furthermore, this project represents a template by which other clinical 

questions surrounding DFUs can be studied. 

 

The background section of this work puts into context the severity and 

burden of diabetes and DFUs at an individual, regional, and national level.  It 

outlines the costs associated with treating a DFU, and the impact of treatment on 

health related quality of life, and the role of amputation in this population.    

  

 We propose the concept of ‘the six detriments to healing a DFU’ - a novel 

method of approaching their management but also an important consideration 

when studying DFUs, as potential confounders.  We summarize the literature 

associated with these detriments to healing as well as attempt to describe their 

inter-relationships.   
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 Finally, we test the hypothesis that one of the potential detriments to healing 

has a direct negative impact on the healing of a DFU.  This is done through a cohort 

design study of patients attending a single outpatient clinic, undergoing treatment 

for their DFU.  
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CHAPTER 2  BACKGROUND 

 

2.1  DIABETES MELLITUS 

 

Diabetes Mellitus (DM) is a metabolic disease characterized by an abnormal, 

persistent elevation in blood sugars.  It is a chronic condition and left untreated the 

elevated blood sugars have a deleterious effect on many body organs.   

 

There are several types of diabetes.  Type I diabetes occurs when the 

pancreas fails to produce insulin.  It was previously referred to as insulin-dependent 

diabetes or juvenile diabetes, but these descriptions have fallen out of favour as 

Type II patients may require insulin and may also be found in the pediatric 

population. 

 

Type II diabetes occurs when there is an inappropriate response to the 

produced insulin, occasionally referred to as insulin insensitivity.  This is the most 

common type of diabetes. 

 

Gestational diabetes is an often-transient condition in patients who have not 

previously been diagnosed with diabetes, which lasts the duration of pregnancy.  

The cause of gestational diabetes is still not clear but is assumed to be due to 

pregnancy-related factors.  However, both mother and infant are at increased risk of 

developing Type II DM. 
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DM has become a serious health problem in Canada.  Most recent statistics 

made available by the Canadian Diabetes Association suggest that 7.6% of the 

Canadian population has been diagnosed with DM, which represents 2.7 million 

people[1].  This number is projected to increase with an estimate that 11% of the 

population (4.2 million people) will be living with DM in 2020.  The rate of increase 

in of DM in Canada has been substantial.  In 2000, the prevalence of DM in Canada 

was 4% (1.3 million people)[1].    

 

There are identified high-risk populations for DM.  Increased rates of 

diabetes are seen among South Asian, Southeast Asian, Aboriginal, Black and Latin 

American persons.  The age-adjusted prevalence rates of DM in the First Nations 

populations are 3.5 times the national average for men and 5.6 times the national 

average for women[2].   First Nations are also at significantly higher risk for 

complications associated with diabetes.  In a single study up to 89% of First Nations 

patients had adverse consequences associated with their DM [3].   

 

Diabetes mellitus has an effect on multiple organ systems.  Prolonged 

exposure to high blood glucose has a toxic effect on peripheral nerves, blood vessels, 

kidneys and the eyes.  The result is neuropathy, vasculopathy, retinopathy, 

nephropathy and a compromised immune system.  Each of these dysfunctions 

places the foot of a diabetic patient at significant risk.   
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The peripheral neuropathy develops in a glove and stocking distribution.  

The most distal or peripheral nerves are affected first and the neuropathy slowly 

ascends.  The first location of neuropathy is in the feet.  This results in a loss of 

protective sensation.  In a sensate foot, a small cut, abrasion, blister or area of skin 

compromise is felt and the natural response is to address it – whether that be by 

changing of shoe-wear, position, or protection.  Patients who attend diabetes 

education sessions learn that they must be checking their feet daily to ensure that 

an insignificant injury to the foot, does not result in limb loss.   

 

If a small area of skin compromise is unrecognized due to neuropathy, the 

wound may develop into a diabetic foot ulcer.  By definition, a DFU is a complication 

of DM.  It is a wound on the foot where the healing has been delayed, greater than 14 

days.  There are many potential causes for the wound – the sources may either 

internal or external.  It occurs in patients who have neuropathy and an impaired 

capacity for healing (immune compromise and or vasculopathy).  This difficult 

situation may be further compounded by deformity (eg. Charcot arthropathy) and 

infection.  The full spectrum of complications secondary to DFU includes: 

neuropathic pain, deformity, ulceration, superficial or deep infection, and necrosis, 

that may ultimately result in amputation. 
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2.2  GLUCOSE CONTROL AND DIABETES MELLITUS 

 

There are a number of ways to diagnose DM.  All require evidence of 

significant hyperglycemia.  According to the Canadian Diabetes Clinical Practice 

Guidelines 2013, the following laboratory values confirm the presence of DM: 

• Hemoglobin A1C ≥ 6.5 
• Fasting Blood Glucose ≥ 7.0 
• 2 hr 75 gm Oral Glucose Tolerance Test ≥ 11.1 
• Random Blood Glucose ≥11.1 

 
A random blood glucose is a blood draw that occurs without fasting.  Diagnosis of 

diabetes from this technique is usually confirmed by a fasting test or oral glucose 

tolerance test.  However the premise is that only patients with significantly 

impaired glucose homeostasis will have a blood glucose value well over 11.0.  The 

oral glucose tolerance test (OGTT) is a challenge to glucose homeostasis, where 

patients ingest a fixed amount of glucose and serum glucose values are checked two 

hours post challenge.   

  

Hemoglobin A1C, or glycated hemoglobin, is a type of hemoglobin that is 

formed when hemoglobin is exposed to plasma glucose.  As a test, hemoglobin A1C 

(HbA1C) is a measure of the average blood glucose over the previous 80-120 days.  

A value greater than 6.5 is abnormal and diagnostic of DM.  

 

The measurement most relevant to this research paper is that of HbA1C.  

Persistent elevations in HbA1C after a diagnosis of DM is made are predictive of 
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complications associated with DM and mortality.   An elevated HbA1C greater than 

6.5 has been shown to be a risk factor for the development of a DFU – likely 

secondary to the impaired circulation that is caused as well as the deleterious effect 

on peripheral nerve function[4].  It is also associated with the presence and 

prognosis of infection in a DFU.  Furthermore, an elevation in HbA1C > 8.0 has been 

shown to have a linear relationship with all non-fatal complications of diabetes.  If 

you consider both mortality and non-fatal complications, a bimodal distribution of 

complications is seen at HbA1C values <6.0 and >11.0 [4]. 

 

 

2.3 DIABETIC FOOT ULCERS 

 

The burden of a non-healing or delayed-healing ulcer is significant. 

International statistics indicate that 1 in 5 patients with DM will develop a foot 

ulcer[5]. Statistics related to number of persons living with a DFU in the country are 

not readily available. But, the average healing time of a DFU is reported to be 165 

days[6].  One outcome measure that is monitored however is amputation rates.   

 

The percent of non-traumatic limb amputations that is the direct result of 

diabetes is between 70-85%[5].   The national amputation rate in Canada is 15 per 

100000[1].   Fifty percent of the patients who require a limb amputation for this 

cause will require a second amputation within 5, years and 30 percent will die 

within 1 year of amputation[5]. 
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2.3.1  Diabetic Foot Ulcers and Amputations 

 

Not all amputations carry the same impact for a patient.  Grossly, limb 

amputations can be categorized as either major or minor.  Minor amputations, such 

as disarticulation at the metatarsophalangeal level (toe amputation), ray 

amputation (removal of a single or multiple toes and a portion of the corresponding 

metatarsal bone) or a transmetatarsal amputation (forefoot amputation) are well 

tolerated functionally.  Toe disarticulations allow the patient to return to normal 

shoe-wear and independent ambulation.  Ray amputations require silicone or other 

prosthesis only if attempting to achieve higher levels of functioning such as sporting 

activities[7]. Isolated loss of the hallux has little impact on the day to day activities 

of patients. Transmetatarsal amputees have the highest level of disturbance to their 

gait and push-off strength, of the minor amputations.  One study noted a 73% 

incidence in ability to return to independent ambulation[8].   The major 

complication of a minor amputation is the rate of non-healing.  

 

 The same factors that put an ulcer at risk of not healing affect the capacity for 

wound closure after a distal amputation.  The rate of healing for a toe amputation is 

not well reported in the literature.  Many physicians counsel patients that the 

chance of non-healing and need for revision or more proximal amputation exceeds 

50%.   The transmetatarsal amputations have a variable rate of healing in the 

literature ranging from 37-53% [8, 9].   Failure of an amputation at the distal level 
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must be considered preopoperatively as many of these patients are poor surgical 

candidates and repeated operative procedures should be avoided. 

 

Those amputations considered to be ‘major’ - below knee (BKA), through 

knee and above knee (AKA) - have higher rates of healing but increased risks of 

morbidity.  The most proximal amputations have the highest rates of healing and the 

incidence of healing an AKA can be as high as 90% (9).  In comparison, BKA healing 

rates vary between 30 and 90% in individual studies.  The rate of conversion to a 

higher level amputation following a BKA may exceed 30% [10].  The major 

amputations are also a more significant cardiovascular stress to the individual 

patient from a surgical perspective. 

 

The significant concern associated with a major lower extremity amputation 

is the resulting functional status.  A study published by Larsson et al. evaluated the 

functional outcome of patients with diabetes who had a lower extremity amputation 

and concluded that only a small number of patients regained independent 

ambulation.  This study found that of those patients who were able to walk 1km 

prior to their amputation, only 19% were able to following surgery.  The study also 

found that 70% of patients with a transtibial amputation who were ambulatory 

preoperatively were fitted for a prosthesis, but only 50% used it consistently [11]. 

 

Many non-healing diabetic foot ulcers go on to require eventual amputation.  

As indicated above, the outcome of this procedure is variable.  On one end of the 
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spectrum, a minor amputation that heals may be favourable and may spare the 

patient prolonged treatment for an ulcer.  However, it is difficult to predict who will 

respond favourably to a minor amputation.  On the other end of the spectrum, a 

major amputation is a significant and life-changing event for a patient and places 

this patient population at significant risk of becoming dependent on a wheelchair to 

mobilize.   

  

2.3.1  Diabetic Foot Ulcers and Health-Related Quality of Life 

 

Patients who are living with a DFU experience significant alterations in their 

health related quality of life (HRQOL).  The deterioration in quality of life has been 

demonstrated in studies that compare the results of the Short Form -36 Health 

Survey (SF-36) to diabetic patients without DFU and other chronic conditions [13].  

The SF-36 is a validated measure of global health status [12].  This self-reported 

questionnaire has eight sections: vitality, physical functioning, bodily pain, general 

health perceptions, physical role functioning, emotional role functioning, social role 

functioning, and mental health.  Physical Component Scores and Mental Component 

Scores are calculated from the above eight components, where a lower score 

represents a worse measured health than a greater score.   

 

The SF-36 has demonstrated aberrations in the quality of life of patients 

living with many chronic diseases.   A large study, which included eight countries, 

assessed the amount of disturbance in HRQOL for such chronic conditions as: 
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allergy, arthritis, hypertension, congestive heart failure (CHF), chronic lung disease, 

diabetes and ischemic heart diseases [13].  Congestive heart failure, chronic lung 

disease and arthritis demonstrated the greatest disturbances in the physical 

summary (PCS) scores.  The average PCS score for these three conditions was 47.5 

which represents four-tenths of a standard deviation below patients without a 

chronic condition (average score 51.9) [13].  While the absolute value of these 

numbers may appear small, this same study highlights that this difference (47 to 52) 

has been shown to be predictive of a 27% increased likelihood of an inability to 

work due to the condition over one year and a 16% increase in mortality over 5 

years [14].  This same study (as well as others) demonstrated that patients with DM 

(without a foot ulceration) have PCS scores greater than other chronic conditions 

such as arthritis, congestive heart failure and ischemic heart disease [15, 16].   

 

The presence of a DFU has a significant impact on the HRQOL of patients with 

diabetes.  Ribu et al. [17] looked at a cross-sectional population of patients in 

Norway with DFUs who were being treated on an outpatient basis.  The results of 

their HRQOL (SF-36) were compared to those of the general population and to a 

matched group of patients with diabetes but no DFU, from a general census taken by 

the Norwegian government.   Significant differences (p<0.001) in all eight categories 

of the SF-36 as well as the component scores, were noted in the patients with a DFU 

compared to both the general population and those with diabetes. The most 

significant findings when compared to patients with diabetes alone were 

abnormalities in role limitation-physical (32.1 vs. 62.2, p<0.001), physical 
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functioning (57.5 vs. 77.3, p <0.001), and role limitation-emotional (57.4 vs. 72.0, p 

<0.001).  The smallest differences between the populations were found in the 

mental component scores (DFU – 47.6 vs. diabetes – 49.8 vs. general population – 

51.5) but even these were significantly different  (p<0.05 DFU compared to diabetes 

populations; p <0.001 DFU compared with general population) [17].   

 

Another study, by Goodridge et al. [18], compared the HRQOL scores from 

the Short Form-12 (SF-12) and the Cardiff Wound Impact Schedule (CWIS) of 

patients with healed and unhealed ulcers.  The SF-12 is a shortened form (12 items) 

of the SF-36.  Multiple studies have demonstrated that the SF-12 in comparison to 

the SF-36 has the ability to reproducibly obtain comparable outcomes for the MCS 

and PCS scores [19, 20].  Their results demonstrated that patients with an unhealed 

ulcer had lower physical component scores (PCS) on the SF-12 compared to those 

with a healed ulcer (unhealed, 35 ± 8 points; healed, 39 ± 10 points; p = 0.04).  The 

PCS scores of the patients with an unhealed ulcer were also lower than reported 

values for patients with DM, HTN and the general population [21, 22].  The CWIS is a 

disease-specific health related quality of life measure that has been validated in the 

DFU population [23].   Scores from the CWIS in this particular study identified 

frustration over the ulcer healing and anxiety surrounding the treatment with a 

resultant lower well-being component score (35 ± 6 points)(17). There have been 

differences documented in the CWIS score of patients with a healed compared to 

unhealed ulcer: social life (p<0.001), physical symptoms and daily living (p<0.01) 

and finally well being (p<0.001) [23].  
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 It may be concluded that disturbances in health-related quality of life are 

quantifiable and significant in patients with DFUs.   The disturbance is greater than 

in those patients with diabetes but without foot ulceration and comparable to other 

chronic health conditions, clearly establishing a need to address effectively and 

efficiently this health problem. 

 

  

2.4  SUMMARY 

 

In summary, the persistent elevation of blood glucose, known as DM results 

in multi-organ system dysfunction.  This places patients at risk of developing a ulcer 

on their foot.  Once present, these same factors contribute to the delay in healing of 

the ulcer.  The incidence of DFUs in the Canadian and global populations is not 

insignificant and deserves special attention by clinicians and researchers.  Patients 

with DFUs are a significant burden to the Canadian Healthcare system and 

experience significant alterations in their HRQOL.  The presence of a long-standing 

ulcer places the patient at risk for needing amputation surgery, which carries a 

series of risks and complications as well as social challenges.  Clearly, there is a 

burden to improve care with respect to this patient population. 
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CHAPTER 3  DETRIMENTS TO HEALING A DIABETIC FOOT ULCER 

 

3.1  THE CONCEPT 

 

The treatment goals for patients with a DFU are to heal the ulceration and 

produce a plantigrade and stable foot to allow activities of daily living and improved 

health related quality of life without ulcer recurrence.   These goals may be simple to 

enumerate but are often difficult to achieve.   

 

 The healing rate and time of diabetic foot ulcers has been shown to be 

delayed - although there is variability in the reported healing times.  Ince et al.  

studied 410 ulcers in 154 patients and found a median healing time of 63 days 

(range 18-1486) in the 91% of ulcers that healed [6].  Of the ulcers studied, 59% 

were healed by week 12, 71% by week 20 and 87% by week 52.  This is comparable 

to a study by Piaggesi et al. that demonstrated a healing rate of 79% by 6 months 

[24], but is significantly slower than what is described by Katz in a comparison of 

off-loading techniques whereby a healing rate of 74 and 80% in the two study arms 

was found at 12 weeks [25].  In comparison, healing of a traumatic or surgical 

wound is considered to be delayed if it is unhealed after 14 days.  
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There are a several generally accepted factors that may act as deterrents to 

wound healing, and more specifically, diabetic foot ulcers.  These include: 

1. Deformity 
2. Plantar (or External) pressure 
3. Vascular pathology  
4. Infection  
5. Elevated blood sugars 
6. Smoking 
7. Poor nutrition 

 
It is not novel to consider that each of these individual factors may contribute 

to the delay or non-healing of a wound or ulcer.  However, the concept that there are 

a inter-related factors that may be contributing to the non-healing of a DFU, to 

address these clinically and to consider them as potential confounders in a study is, 

to the best of our knowledge, not yet described in the literature.   

 

In order to validate this concept, a summary of the evidence behind the 

detriments to healing a DFU was undertaken.  This was to validate the reversal or 

optimization of each of the detriments to healing a DFU in the clinical setting.  A 

research question (ex. Does deformity correction improve DFU healing?) and 

hypothesis (ex. The literature will support deformity correction as a treatment to 

improve rates of healing of a DFU) was assigned to each detriment to healing.  The 

relevant search terms were defined for each detriment to healing (employing both 

Mesh and Non-Mesh terms) from the hypothesis and research question.  A list of the 

research questions and hypothesis for each of the potential detriments to healing a 

DFU are listed in Appendix A.  A separate literature review was performed using 

PubMed for each of the research questions.  Articles were considered for inclusion 



 17 

in the review first based on the title, then the abstract and finally the full article. 

Articles were excluded if they failed to answer the research question or were not 

available in English.  Included articles were assigned a level of evidence (LOE) as 

described by Wright et al. [26, 27].  Included articles were also noted to either 

support, or refute the hypothesis.  The total number of articles by LOE were 

summated and the percent in agreement with the hypothesis was reported.  The 

total body of evidence was assigned a grade of recommendation according to the 

technique described by Wright et al [26, 27].  This summary of the evidence behind 

each of the detriments to healing a DFU is described below. 

  

3.1.1  Deformity 

 

 A foot deformity may be present in a number of forms in patients with a DFU.  

Common deformities of the forefoot include clawtoes, hammertoes, overlapping 

digits, and a hallux valgus deformity.  Midfoot and hindfoot deformities found 

commonly in patients with diabetes would include pes planus, rockerbottom 

deformity (Charcot arthropathy) and/or a tight tendo-achilles.  Furthermore, 

previous amputations may also contribute to a deformity.  A deformity changes the 

distribution of force and weight throughout the foot. 

 

A normal or plantigrade foot is commonly described as providing a tripod 

distribution of weight.  More precisely, however, peak forces (or weight 

distribution) is localized to the heel and underneath the second metatarsal head.  
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More than 60% of the weight is disbributed to the rearfoot and 28% to the forefoot 

in a standing position.  The distribution of weight and therefore pressure in the 

forefoot fans out from the second metatarsal head along an axis roughly bisecting 

the five metatarsal heads.  The pressure changes during walking and running.  

Whereby most of the pressure weight is distributed to the hindfoot during barefoot 

standing, the pressure accelerates rapidly across the midfoot and then to the 

forefoot with gait.  Peak pressures are obtained at 80% stance phase (under the 

second metatarsal head) and then progress to the hallux.  Overall, the peak forces 

that occur in the foot are substantial, achieving 120% body weight during walking 

and 275% body weight with running [28].  A change in the shape of the foot results 

in the abnormal distribution of weight through the foot, with the risk of skin 

breakdown on the plantar surface of the foot, and may prevent an ulceration from 

healing due to ongoing trauma through weightbearing. 

 

Each type of deformity likely carries a different risk and role with respect to 

the non-healing of a DFU.  A clawtoe deformity places increased pressure under the 

associated metatarsal head, but also places additional pressure on the dorsal soft 

tissues when in shoewear.  A rockerbottom deformity will create overloading of the 

midfoot and a tight tendo-achilles increases the forefoot pressures.   

 

A comprehensive review of the literature was performed to answer the 

following question: Does deformity correction (specifically a tendo-achilles 

lengthening for a tight tendo-achilles) improve DFU healing?  The initial search 
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results yielded a total of 44 papers, 14 of which were relevant and included [29-42].   

A summary of the number of articles by LOE for each detriment to healing (and 

percentage of articles in support of the concept that deformity correction improves 

DFU healing) is included in Table 1.  Of the 14 articles reviewed, one paper was 

assigned a LOE I (a single RCT), one article was assigned an LOE III, five articles 

were assigned an LOE IV and seven articles were designated as an LOE V.  All but 

one of the LOE IV papers supported the hypothesis.   

 

Perhaps the most telling article was that of Mueller et al.   They performed a 

RCT in diabetic patients with a tight tendo-achilles – assigning them randomly to 

total contact casting (TCC) alone or in combination with percutaneous achilles 

lengthening.  All 30 ulcers in the TCC + percutaneous achilles tendon lengthening 

group healed at a mean of 58 ± 47 days whereas 29 of the 33 ulcers in the isolated 

TCC group healed in 41 ± 28 days (p>0.05).   Furthermore, at two years followup 

81% of the patients in the TCC group in comparison to 38% of the patients in the 

TCC + tendon lengthening group had a recurrence of an ulcer (p=0.002) [40].  At 

face value the outcome of this study may seem contradictory.  The patients in the 

TCC alone group had a lower rate of healing but a shorter time to healing (not 

statistically significant).  However, the fact that there was a lower rate of recurrence 

in patients who had surgery would suggest that true ‘healing’ of the ulcer was far 

more effective with TCC in combination with achilles lengthening as these patients 

not only closed (which is perhaps the more precise term to be applied to the healing 
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that took place at 58 and 41 days respectively) but remained closed and therefore 

healed. 

 

 Ultimately, it could be said that the research question for this particular 

potential detriment to healing should have been worded differently.  As it currently 

stands, the question asks whether of the deformity (in this case a tight tendon 

achilles) improves the long-term healing of a DFU.  Which is different from asking 

the question  “is deformity a detriment to healing a DFU.”  We are making the 

assumption that if reversing the deformity helps with healing than the presence of 

the deformity was detrimental to healing – which may or may not be correct.  

However, given the literature available on this topic and the breadth of deformities 

to consider we attempted to answer the question as simply as possible. 

 

 Overall, there is fair evidence (Level II or III studies with consistent findings) 

that supports performing an intervention to reverse a deformity for the purpose of 

DFU healing.    

 

3.1.2  Plantar (or External) Pressure 

 

 The application of pressure to a wound causes local necrosis or decrease in 

circulation.  This is the basis for the first aid treatment of bleeding – but is 

detrimental in the case of DFUs.  Furthermore, repeated direct pressure to a wound 

is likely to cause local trauma.  Plantar or external pressure may result from many 
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sources - a normal or plantigrade foot with a plantar ulcer will experience plantar 

pressure from weight-bearing on the limb.  Other sources of external pressure may 

include shoewear, pressure from seating devices (such as wheelchairs) or 

positioning (as is more often the case with decubitus ulceration in the immobile 

patient).  The role of plantar pressure may be worsened by the presence of 

deformity as this may result  in the abnormal distribution of body weight onto the 

foot.  

 

 A comprehensive review of the literature was performed in the identical 

manner as was described above.  The research question for this particular detriment 

to healing was whether offloading of the plantar pressure through a total contact 

cast improved healing of a diabetic foot ulcer.  We assumed that if reversing plantar 

pressure improved the rate of healing a DFU, then this factor was a detriment to 

healing. 

 

 The initial literature search on this topic yielded 180 papers of which 35 

were relevant and included [43-77].   Of the 35 papers, three were assigned a LOE I 

and one paper was assigned a LOE II.  All of the Level I and II papers were in support 

of the hypothesis.  Four articles were assigned a LOE III and five articles were 

assigned an LOE IV – of these articles 67% were in support of the hypothesis.  

Finally, twenty-two articles were designated as an LOE V and all of these were in 

support of the hypothesis. 
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 Armstrong et al. published two separate randomized control trials that tested 

the hypothesis that offloading with a total contact cast (TCC) is superior to other 

forms of offloading [74, 75].  In the first study, published in 2001 patients with non-

infected DFUs were randomized to TCC, removable cast walkers (RCW), or half-

shoes.  Outcome measures were time to complete healing, percent healing at 12 

weeks and activity level (monitored with step counts).  The patients with a TCC had 

higher rates of ulcer healing at 12 weeks compared with both the RCW group and 

those patients assigned to half-shoes (89.5 vs. 61.4%, p=0.026, odds ration 5.4, 95% 

CI 1.1-26.1).  The total steps were comparable between TCC (600 +/- 320 daily 

steps) and RCW (767 +/- 563; p=0.67) but significantly higher in the group with a 

half-shoe (1462 +/-1452; p=0.04) [74].  The study authors postulated that the 

differences in healing rates between TCC and RCW relate to the ability to remove the 

RCW and therefore the potential non-compliance with pressure offloading.   

 

 The second study published by Armstrong et al. was a RCT of an “instant” 

total contact cast (iTCC) compared to a RCW.  The iTCC is a technique which 

employs a RCW but is secured in such a way that it is not removable by the patient 

between clinic visits.  As with the previous study, significant differences were noted 

between iTCC and RCW with respect to healing rates.  83% of patients assigned to 

an iTCC vs. 52% of patients with an RCW had evidence of a healed ulcer at 12 weeks 

(p=0.02, odds ratio 1.8, 95% CI1.1-2.9) [75].  This demonstrates that offloading 

through a non-removable pressure distributing device improves healing rates of 

DFUs. 
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 Morona et al. published a systematic review and meta-analysis of the 

effectiveness of different off-loading devices in the treatment of DFUs [52].   Non-

removable off-loading devices were found to be more effective at treating DFUs than 

removable devices (RR = 1.43, 95% CI 1.11, 1.84; p = 0.001).   Again, this was 

attributed to patient compliance with the removable devices.   

 

 Overall, there is good evidence (Level I studies with consistent findings) in 

support of offloading as a treatment for DFUs which represents a grade of 

recommendation ‘A’.  

 

3.1.3  Infection 

 

 Infections that occur concurrently with a DFU may be either superficial or 

deep.  The spectrum of manifestations may include cellulitis, localized abscess, or 

osteomyelitis and each may be either acute or chronic.  Infection in any wound has a 

deleterious effect on healing by prolonging the pro-inflammatory environment, 

disturbing the normal clotting cascade, as well as angiogenesis (and therefore 

granulation tissue formation), and promoting disordered leukocyte function [78]. 

    

 A DFU is commonly colonized with multiple organisms, as is the nature of an 

open wound.   Clonization is the presence of microbes without evidence of local or 

systemic host reaction.  Infection occurs with an increase in the bioburden of the 
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microbes and the resultant response from the host.  Clinically, the presence of 

infection is associated with local signs such as erythema, purulent drainage, and foul 

odour.  Systemic signs of a infection include fever, malaise, and in the extreme form 

sepsis.  Laboratory investigations may be helpful to diagnose an infection.  

Commonly a positive culture can be obtained from the wound, and biomarkers such 

as an elevated white blood cell count (WBC), erythrocyte sedementation rate (ESR) 

and C-reactive protein (CRP) may be present.  Treatment of an infected DFU 

involves identifying the causative organism(s), appropriate use of antibiotics and 

possibly surgical debridement of the area.  Infected DFUs are commonly due to an 

aerobic gram-positive cocci, but often are polymicrobial [79].  The goal of initial 

antibiotic therapy is to provide adequate coverage for the common causative 

organisms and then to refine the antimicrobial selection once appropriate culture 

results are available. 

 

 The role of infection in the non- or delayed healing DFUs was addressed 

through a complete literature review (process described in the section above under 

“Deformity”).  The initial search parameters yielded 264 possible articles, of which 

16 were considered relevant and included [80-95].  Of these 16 articles, three were 

assigned a LOE III and thirteen were assigned a LOE V.   There was complete 

agreement in all of the articles in support of the hypothesis that a superficial or deep 

infection was detrimental to the healing of a DFU.  
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 Dos Santos et al [83] performed a retrospective review of 99 patients with 

DFU to assess for the potential risk factors for amputation (accepted to represent 

failure of healing of the DFU or sepsis).  They found that the presence of gram-

positive microorganisms and ascending lymphangitis (odds ratio, OR=2.5) was 

associated with the need for amputation.  Other risk factors for major amputation 

were: age, arterial insufficiency and location of wound (calcaneal lesions).   

  

 Armstrong et al [80] performed a review of 360 patients with a DFU in an 

outpatient setting.  The objective of this study was to validate a wound classification 

instrument (The University of Texas Wound Classification System).  This study 

found that those patients with a lesion that probed to bone (the hallmark of 

osteomyelitis) were more than 11 times more likely to receive a major amputation 

(18.3 vs. 2.0%, p<0.001, OR=11.1, CI= 4.0-30.3).  Also, those patients with an 

infection and ischemia were 90 times more likely to require a major amputation 

compared with those free of infection or ischemia (76.5 vs. 3.5%, p<0.001, OR=89.6, 

CI=25-316).   

 

 There is overall unanimous agreement in the literature that infection is 

detrimental to the healing of a DFU, however, the strength of the literature is poor.  

This results in a grade of recommendation ‘C’ in favour of the hypothesis.    

 

 Furthermore, the impact of infection on the healing of a DFU is not in 

isolation of other potential detriments to healing.  Poor glucose control has an effect 
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on the type and severity of the infection present [96].  Smoking is a significant risk 

factor for the development of an infection [97] as is poor nutrition [98]. 

 

3.1.4  Vascular Supply 

 

 The persistent elevation of blood glucose with diabetes mellitus has a direct 

toxic effect on both the macrovascular and microvascular circulations.  The effect on 

large blood vessels is the development of atherosclerotic disease (plaque formation) 

and on the microvascular system (capillary network) is, similarly, thickening of the 

vessel walls and increased tone of the smooth muscle cells, with resultant 

vasoconstriction and propensity for microthrombi.  This is mostly due to the 

production of nitric oxide from the endothelial cells.   

 

 The potential role of poor vascular supply in the healing of a DFU was 

assessed through a comprehensive literature review (process described in the 

section above under “Deformity”).  The initial search parameters generated 295 

articles of which 30 articles were considered relevant and included [84, 99-127].  Of 

these 30 articles, two articles were assigned a LOE III, fifteen articles were assigned 

a LOE IV and thirteen articles were assigned a LOE V.  There was significant 

discrepancy between articles as to whether or not revascularization of the foot 

improved the rates of healing a DFU.  50% of the Level III articles and 93% of the 

level IV articles supported the hypothesis.   
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 A large-scale review of the literature was undertaken by the International 

Working Group on the Diabetic Foot to evaluate the effectiveness of 

revascularization in patients with a DFU and peripheral arterial disease.  This 

systematic review found that at 1-year follow-up, limb salvage rates were 85% 

(open procedures) and 78% (endovascular techniques).  The group concluded that 

the studies demonstrated improved rates of limb salvage with revascularization 

compared to medical therapies [110].   

 

 However, a large (917 ulcers) study by Taylor et al [127] found little 

difference in healing rates for patients with or without ischemia.  This retrospective 

study compared the outcomes of 460 limbs with significant ischemia (219 which 

were revascularized) to those without ischemia.  There was very little difference 

noted in terms of healing rates for those with or without ischemia (28.5% vs. 26% 

p=0.4).  Ischemia was found to be a significant marker of poor outcome with 5-year 

limb salvage rates of 80% for nonischemic ulcers, 61% for ischemic ulcers which 

were revascularized, and 51% for ischemic ulcers not revascularized (p<0.001).   

 

 Based on the poor quality of literature on the topic and the degree of 

heterogeneity in the findings, a grade of recommendation ‘C’ was assigned to the 

body of evidence that addresses whether revascularizaiton of a limb improves the 

healing of a DFU.  
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 Furthermore, the vascular supply of the DFU will be directly influenced by 

the quality of glucose control.  Patients with elevated HbA1C have demonstrated 

worse vascular pathology [128].  Smoking alone has long been established as having 

a significant deleterious effect on vascular supply and has been shown to be a 

significant risk factor for the development of arterial occlusive disease [129].  

Finally, vascular supply and infection have a bidirectional effect on each other as 

potential detriments to healing a DFU.  Infection impairs angiogenesis as previously 

described above, but poor blood supply prevents the body from being able to 

respond to an infection effectively [80].  

 

3.1.5  Smoking and Nutrition 

 

 Smoking and Nutrition are addressed together as they have many 

commonalities.  Both of these potential detriments to healing have poor quality 

evidence to support their direct involvement in the impaired healing of a DFU.  

However, if you asked any clinician whether each of these plays a role in the non-

healing of a wound the answer would be unanimously in favour of this.   

 

 We have already established above that smoking has a deleterious effect on 

blood supply [129] and increases the risk and severity of infection [97].  Poor 

nutrition in essence is the precursor for immunodeficiency and has also been 

established above as a potential causal factor for infection.   
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 Complete literature reviews were performed on each of these topics (in the 

same manner as all of the previous detriments) to determine if each represented a 

detriment to healing a DFU.  The initial search results for the hypothesis that 

smoking may be a detriment to healing a DFU resulted in 180 articles.  Of these 

papers, eight articles were considered relevant [130-137] – five of which were 

assigned a LOE IV and three were assigned a LOE V.  Three of the five level IV papers 

supported the hypothesis.   

 

 The same process was applied to the question of whether poor nutrition 

represented a detriment to healing a DFU.  Even less literature was available on this 

topic.   The initial search generated 79 articles, of which only 5 were relevant and 

included [138-142].  Two articles were assigned a LOE IV and three were assigned 

an LOE V.  Neither of the level IV articles established a causality for poor nutrition as 

a detriment to healing a DFU, but all of the Level V papers favoured our hypothesis.   

 

 Both “smoking” and “poor nutrition” have been assigned a Grade of 

Recommendation ‘I’ as there is insufficient or conflicting evidence to support 

recommendation for or against a particular intervention.   

 

3.1.6  Glycemic Control 

 

 Patients diagnosed with diabetes have a persistent elevation of blood glucose 

as determined by one of several diagnostic tests (fasting glucose, random glucose 
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testing, oral glucose tolerance testing or HbA1C).  The fundamental principle of 

treatment for diabetes is optimal control of blood glucose – or glycemic control.  

This is monitored by HbA1C – a test of the glycemic control over the past 2-3 

months.  The target HbA1C for patients with diabetes is ≤ 6.5.   

   

The primary focus of this research paper is that of glycemic control.  We have 

established that poor glycemic control affects the type and frequency of infection in 

DFUs [96].  We have also established that poor glycemic control has a negative effect 

on blood supply to the extremity.  The literature review which took place addressed 

whether poor glycemic control (persistently elevated blood glucose levels) had a 

direct detrimental effect on healing a DFU. 

 

 The same approach was applied as with the above topics.   The initial search 

result generated 270 articles of which 24 were considered relevant and included 

[103, 130, 140, 143-163].  Of these articles, thirteen papers were assigned a LOE IV 

and eleven a LOE V.  There was not agreement among the papers regarding the 

effect of glycemic control on DFU healing.  69% of the level IV papers and 90% of the 

level V papers were in support of the hypothesis. 

 

 Marston et al [156] performed subgroup analysis on a previously reported 

study comparing human dermal substitute to a control treatment.  The goal with 

this secondary analysis was to determine risk factors related to DFUs time to 

healing and closure.  Glucose control was measured in this study by the initial 
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HbA1C, average HbA1C and change in HbA1C.    The study found that those patients 

who had an increase in their HbA1C during the study period had a rate of healing of 

21% where as those patients whose HbA1C remained stable or decreased had a 

healing rate of 26.3% (p<0.05).    

 

 Adler et al [143] completed a systematic review and meta-analysis that 

included a total of 14 articles.  The LOE that we have assigned to this review 

represents the quality of studies included in the analysis.  This study did find a 

significant increase risk of lower extremity ulceration for each percentage point 

increase in HbA1C.   The RR for amputation was 1.26 (95% CI 1.16-1.36) for each 

change in HbA1C.  It was also noted that there was significant heterogeneity across 

the studies (I2 76%, 67-86%; p<0.001).   

 

 Christman et al [146] performed a retrospective review of 183 patients in an 

out-patient setting with DFUs.  The primary outcome of this study was wound 

healing rate (measured as cm2).   In this study, for each point increase in HbA1C, the 

daily wound-area healing rate decreased by 0.028 cm2/day (95% CI: 0.003, 0.0054, 

p=0.027).   

 

 Markusson et al [155] performed a retrospective review of 63 ulcers to 

determine factors that may impact healing of a DFU.  With regards to HbA1C and 

healing, the mean healing time for patients with a HbA1C 4.0-7.0 was 85 days (SD 80 

days) compared with 123 days (SD 135 days) for those patients with a HbA1C 7.1 -
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10.0.  The healing time for patients with a HbA1C greater than 10.1 was 147 days 

(SD 173 days).  The differences, however, were not statistically significant 

(p=0.686). 

  

 Winkley et al [162] recruited 253 patients into a retrospective study to 

assess whether a number of factors may relate to a negative outcome with respect 

to treating a DFU.  The negative outcomes of interest were recurrence of ulceration, 

amputation and death.  They found that having a lower HbA1C was protective 

against associated with mortality (HR 0.73, 95% CI 0.56-0.96).  No other 

associations were identified in this study with respect to HbA1C. 

 

 Overall, a grade of recommendation ‘I’ has been assigned to the body of 

literature available to answer the research question regarding glucose control.  

There is insufficient and conflicting evidence not allowing a recommendation for or 

against the hypothesis, which supports the need for further study on this topic. 

 

 

3.2  SUMMARY 

 

 We  propose seven potential detriments to the healing of a diabetic foot ulcer, 

supported by our review of the literature.  Table 3 summarizes the literature 

findings by detriment to healing and Table 4 summarizes the grade of 

recommendation assigned to each of the potential detriments to healing a DFU. 
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Table 1  Number of articles located by Level of Evidence (LOE) for each 
potential detriment to healing a DFU.  Percentage of articles in 
agreement with hypothesis indicated in parenthesis.  

 
 LOE I LOE II LOE III LOE IV LOE V 
Infection 0 0 0 3 (100%) 13 (100%) 
Glycaemic control 0 0 0 13 (69%) 11 (90%) 
Vascular supply 0 0 2 (50%) 15 (93%) 13 (77%) 
Smoking 0 0 0 5 (60%) 3 (100%) 
Nutrition 0 0 0 2 (0%) 3 (100%) 
Deformity 1 (100%) 0 1 (100%) 5 (80%) 7 (100%) 
Offloading 3 (100%) 1 (100%) 4 (50%) 5 (80%) 22 (100%) 
 
 
 
Table 2  Grades of Recommendation for each detriment to healing of a DFU 
 

 Grade of 
Recommendation 

Interpretation 

Infection C Poor quality evidence (Level IV or V 
studies with consistent findings) for or 
against recommending intervention. 

Glycaemic 
Control 

I There is insufficient or conflicting 
evidence not allowing a recommendation 
for or against intervention 

Vascular 
Supply 

C Poor quality evidence (Level IV or V 
studies with consistent findings) for or 
against recommending intervention 

Smoking I There is insufficient or conflicting 
evidence not allowing a recommendation 
for or against intervention 

Nutrition I There is insufficient or conflicting 
evidence not allowing a recommendation 
for or against intervention 

Deformity B Fair evidence (Level II or III studies with 
consistent findings) for or against 
recommending intervention. 

Offloading A Good evidence (Level I studies with 
consistent finding) for or against 
recommending intervention 
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 However, in addition to describing the literatures support for the each of the 

potential detriments to healing, we have described also the inter-relations that may 

exist between the potential detriments to healing. This has been expressed in a 

causal diagram in Figure 1.  

 
 
Figure 1  The relationships between the potential detriments to healing. 
 

 
 
 
 
 

Hyperglycemia is involved in several parts of the causal pathway.  An 

elevated HbA1C is in itself a risk factor for the development of a DFU [164-166].  It 

has also been associated with an increase in rates of infection as well as more severe 

infections [96].   The reverse relationship is also true, as severe infection negatively 
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impacts glycemic control [167].  Poor glycemic control has been demonstrated to 

have a negative impact on capillary circulation and peripheral nerve function in the 

diabetic foot [168].  Macro-circulation dysfunction has also been attributed to poor 

glycemic control [169].  The causal pathway between poor glycemic control, 

infection and vascular pathology is demonstrated in simplified figure of Figure 2. 

 
 
Figure 2  Causal pathway between poor glucose control and the associated 

detriments to healing. 
 

 
  
 
 Ultimately there are likely even greater inter-connections than what is 

described in these causal pathways.  What is identified above, is the known 

relationships between the detriments to healing.  It is anticipated that further 

research into these factors as potential detriments to healing will reveal additional 

information. 
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CHAPTER 4  THE RESEARCH STUDY 

 

 This research study was undertaken to better understand and treat DFUs.  

Up to this point, we have demonstrated the significant impact that DFUs have on 

patients as well as the community at large.  We have described the potential factors 

that may contribute to the problem of the non-healing DFUs.  Given the central role 

of glycemic control in DM management and end organ complications, we elected to 

study its impact on DFU healing.  

 

4.1  RESEARCH QUESTION 

 

Does poor glucose control (elevated HbA1C) upon presentation with a diabetic 

foot ulcer have an impact on the time to healing a DFU? 

 

 This research question was selected for several reasons.  Examining all the 

detriments to healing was too large a project to undertake within a masters thesis.  

It was necessary to decide on a starting point.  Out of all the potential detriments to 

healing a DFU, glycemic control was considered to be of key importance.  It 

represents the basic disturbance in the pathophysiology of DM, with poor glycemic 

control being the reason why complications occur.  

 

  HbA1C was selected as the measure for glucose control in this study as it 

represents the mean glucose control over 2-3 months.  Other studies have looked at 
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whether initial glucose HbA1C (at time of presentation with a DFU), average HbA1C 

(over DFU treatment period) or change in HbA1C (during DFU treatment) had an 

impact on rate of healing of a DFU [156].  No study to date has confirmed a 

relationship between the HbA1C at presentation with a DFU and healing rates of 

DFUs.  However, the initial presenting HbA1C represents the glycemic control over 

what is likely the interval in which the ulcer developed.  The outcome of importance 

in this study was the time to healing (or closure) of an ulcer.  

 

The objective of the study is to estimate the association between 1) HbA1C 

values at the time of presentation with a DFU to a multi-disciplinary leg ulcer clinic 

(MDLUC) at a tertiary care, academic health care center in Halifax, NS and 2) time to 

healing an ulcer. 

 

 

4.2  METHODOLOGY 

 

4.2.1  Study Design 

 

 We used a cohort study design for this research project. A cohort study is a 

type of observational study which is used to evaluate associations between diseases 

and exposures.  By definition a cohort study is one where an outcome-free study 

population is first identified by the exposure of interest and followed until the 

outcome of interest occurs [170]. 
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 The cohort selected for this study is a group of patients attending an 

outpatient clinic for treatment of a DFU  The target population for which this study 

will be applicable is all patients with a DFU.  The available sample is those patients 

attending the Multi-Disciplinary Leg Ulcer Clinic (MDLUC) at the Halifax Infirmary, 

part of the QEII Health Sciences Center in Halifax, Nova Scotia. This is a tertiary-care 

and academic teaching hospital.  Patients attending this clinic are largely from the 

Halifax Regional Municipality – a predominantly urban and sub-urban population of 

approximately 400 000.    

 

 MDLUC sees patients who have non-healing, chronic ulcers to their lower 

extremities (below knee) of various etiologies.  Patients are referred to the clinic by 

any consultant in one of the following specialties: Plastic Surgery, Orthopedic 

Surgery, Vascular Surgery, or Infectious Diseases.  All other specialties send 

referrals to one of the services above, where they are triaged as appropriate or not 

for the ulcer clinic.  The clinic is supported by a single Clinical Nurse Specialist (CNS) 

who attends all clinic days.  Staff support is provided by specialty consultants from 

Plastic Surgery, Orthopedic Surgery, Vascular Surgery and Infectious Diseases who 

attend one half-day clinic per week.  The clinic takes place out of a single physical 

space (Vascular Surgery clinic).   

 

 On the first visit to MDLUC, the CNS completes an Initial Assessment Form 

(Appendix B) which is an evidence-based tool developed by this author for the 
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purpose of 1) obtaining baseline patient demographics and the potential detriments 

to healing and 2) triggering treatment and investigation decisions, including  as well 

as referrals to the appropriate specialists.  A comparable follow-up tool is used at 

subsequent visits (Appendix C).  There is fluidity to the care of patients in the clinic 

by the various subspecialists – that is to say, a patient may be seen on an initial visit 

by Infectious Disease, but if they are found to have a significant deformity, the next 

visit is likely to be with the consultant from Orthopedic Surgery.  Patients have 

consistent input on all visits from the CNS, but also have access to subspecialty 

consultants that attend the clinic. 

 

 The exposure of interest in this study is the HbA1C at the time of 

presentation to MDLUC.  Most laboratories will not repeat the HbA1C if a result has 

been obtained in the prior 8 weeks (as it is a measure of control over at least 2 

months).  Due to restrictions in ordering HbA1C, we have defined the “initial 

HbA1C” as one obtained within the six weeks preceding, or following the initial visit 

to MDLUC. 

 

 In this study, the exposure is categorized in two ways.  First, patients are 

assigned to either a “high” or “low” group with the cut off of 8.0.  Second, patients 

are assigned to either “high”, “intermediate” or “low” HbA1C with cut offs at 6.5 and 

11.   This is shown in figure 3.  
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Figure 3  Distribution of Patients by Cohort (two separate analyses) 
 

 
 

 
  

 

The duration of follow-up for this study is 6 months or a maximum of 6 

months.  Those patients who have not healed their DFU at a six month follow-up are 

considered as “not-healed.”  This cutoff was selected based on the mean time to 

healing of a DFU and study feasibility.  Furthermore, it is relatively common in 

clinical practice to consider a DFU to be “futile” if no healing has occurred over a 6-

month period.   
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 The outcome of interest in this study is ulcer healing.  For the purposes of 

this study, an ulcer is considered to be healed when there is epithelial tissue 

overlying the area of previous ulceration or, stated another way, the wound is 

“closed”.  If the area immediately deep to the newly epithelialized region has 

necrotic tissue or a purulent collection than this wound is not considered to be 

‘closed’.  For example, epithelialization over an abscess would not be considered 

“healed” as the usual immediate response would be to incise this tissue to allow the 

deep collection to be removed.  Ultimately, when a clinician determined the ulcer to 

be healed, the patient was discharged from MDLUC. 

 

 This study was completed as a dynamic cohort.  Patients were recruited both 

retrospectively and prospectively.  The clinic had been running for several months 

at the onset of the study and those patients who had previously been seen in the 

clinic had their charts reviewed retrospectively.  Patients who were enrolled 

prospectively and provided HRQOL outcome measures signed informed consent 

consistent with REB approval.  Those patients included in the retrospective review, 

did not provide individual consent.  This is standard for retrospective case reviews 

approved through Dalhousie University and in-keeping with the Tri-Council policy 

statement of ethical conduct for research involving humans.    

 

 

 

 



 42 

4.2.2 Inclusion and Exclusion Criteria 

 

Patients who met the following criteria were included in this study: 

• Attended the MDLUC clinic with a DFU 
• Able to provide informed consent (age & capacity) 
• Able to read, write and understand English 
• A “DFU” by definition: 

o Diagnosis of DM 
o Delayed healing (>14 days) 
o Ulcer below the malleoli 

 
Patients were excluded if they did not meet the above criteria, or: 

• Were too sick/unwell/frail for continued follow-up on an outpatient basis 

 

To clarify, we considered a diabetic foot ulcer to be a complication of 

diabetes mellitus.  Patients required a previous diagnosis of DM to be considered.  

An ulceration was considered to be any wound on the foot that had evidence of 

delayed healing >14 days.  There were no restrictions on the cause(s) or 

mechanism(s) of the original injury (for example trauma, pressure – external or 

internal, or other).  We have accepted that DFUs have as a commonality a peripheral 

neuropathy. Patients who met all of the above criteria but had lesions above the 

level of the malleoli were excluded as this site of ulceration is most attributable to 

isolated vascular pathology.   Finally, patients were excluded if they were too sick, 

unwell or frail for ongoing and regular outpatient treatment.  Patients who required 

a brief hospitalization for therapy (commonly intravenous antibiotics or surgical 

treatment) were not excluded from the study if, after the hospitalization, they were 

followed through MDLUC.   
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4.2.3  Research Ethics Board Approval 

  

 Research Ethics Board Approval was obtained from the Capital Health 

Research Ethics Board at the Centre for Clinical Research.  Full approval was 

obtained as of October 4th, 2013 and this was assigned REB FILE #: CDHA-RS/2014-

125. 

 

4.2.4 Patient Recruitment 

 

 Patients were enrolled into this study both prospectively and retrospectively.   

 

Retrospective:  Patients seen in the MDLUC prior to study onset were 

enrolled retrospectively.  A complete list of patients who had been seen in the 

MDLUC was obtained through scheduling software (STAR & PHS).  A limited review 

of patient records was completed for each of these patients to determine whether or 

not they were eligible to be included into this study.  Those patients who met 

inclusion criteria had complete review of their visits to the MDLUC clinic as well as 

all investigations, treatments and consultations pertaining to the DFU.  Some of the 

retrospectively identified patients were still undergoing care in MDLUC at study 

onset and were followed prospectively for wound healing.  

 

Prospective:  A small number of patients were included in the prospective 

portion of the study.  These patients were identified as candidates for the study 
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from MDLUC patient lists on clinic days and were approached by the research 

associate who invited them to take part in the study.  Patients were only approached 

once they had been placed in the private examination room. Furthermore, patients 

were reminded that participation was entirely voluntary and their willingness or 

lack thereof to participate would in no way change the clinical care they received.  

Patients who were willing to be included in the study, provided informed consent 

for their participation in the study.   

 

Patients, regardless of prospective or retrospective enrollment, were 

followed to ulcer healing or a maximum of 6 months (whichever occurred first).  

The timeline of patient recruitment and follow-up is represented graphically in 

Figures 4 and 5. 

 
Figure 4  A schematic representation of the timeline of patient recruitment and 

follow-up of several patients over the calendar year. 
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Figure 5  A schematic representation of the timeline of patient recruitment and 

follow-up of several patients as described in scientific time. 
 

 
 

 

 

4.2.5 Data collection  

 

At the initial visit to the MDLUC, the CNS completed an initial assessment 

using the MDLUC Initial Assessment Tool (Appendix B).  This tool was developed as 

an evidence-based clinical care pathway to collect clinically relevant information 

and to identify the potential detriments to healing a DFU as well as to initiate 

relevant investigations and treatments for each.  The MDLUC Initial Assessment 

Tool captured the severity of the ulcer through the Strauss classification.   The most 

recent HbA1C was reviewed by the CNS and documented on the Initial Assessment 
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Tool.  If an updated HbA1C was not available through the electronic medical record 

or from the referring physician, the CNS ordered it.  

 

Subsequent visits for each patient were scheduled based on clinical need.  

The CNS employed the MDLUC Follow-up Assessment Tool at each sequential visit.  

If the HbA1C was ordered on the initial visit, than this was captured on the first 

return visit.  Changes to each of the detriments to healing a DFU were captured as 

part of the clinical pathway.  A complete list and description of all data points 

collected, source and type of data obtained is included in Appendix D. 

 

The data at each visit was collected by the CNS and recorded on either the 

“Initial visit” or “follow-up visit” tool.  These clinical pathways were scanned into the 

electronic patient record.  The original copy was sent to patient health records and 

handled in the standard manner.  The primary author accessed the scanned 

documents through the hospital’s electronic medical record and entered the 

relevant data points into a spreadsheet.  Patients were assigned a unique and de-

identified study ID.  The master spreadsheet was secured on a password-protected 

computer in a locked research office.  When it was necessary to transmit portions of 

the master spreadsheet via electronic or portable storage means, a unique password 

was applied to the file.  The research assistant verified data points.   
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4.2.6  Sample Size Calculation 

 

A standard sample size calculation requires a known value for the level of 

significance, power, effect size and standard deviation in the population.  The effect 

size of HbA1C was not able to be determined from the literature.  As such, we were 

unable to complete a simple calculation for the sample size and therefore required 

computer modeling software.  

 

Information on the mean and median times of DFU healing as well as the 

distribution of data was obtained from a paper by Ince et al [6].  This study reported 

a median healing time of a DFU to be 63 days (range 18-1486 days) of which 59.3% 

of the ulcers were healed by week 12, 70.5% by 20 weeks, and 86.6% by 52 weeks 

for a total sample of 376 ulcers.  HbA1C was shown to have a normal distribution 

with a mean value of 8.1 and a standard deviation of 1.3.   

 

Using modeling software, a parametric distribution of the gamma 

distribution family with parameters shape 0.63 and scale 200, matched Ince’s 

distribution of the data. A medium effect size of 0.30 was tested using Monte-Carlo 

simulation methodology using a Cox proportional hazard regression model with 

time to healing as the primary outcome and HbA1C as the explanatory variable. 

Censoring of the data was at a 6-month period given the nature of the study.  Based 

on 10,000 simulations a sample size of 130 ulcers was calculated to provide over 

80% power at alpha 0.05 to detect an effect size of 0.30, which translates into a 
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hazard ratio of 1.24.  This model did not control for potential confounders.  The 

simulation code in R Statistical Software and the results from simulation for sample 

size calculation are presented in Appendix E.  

 

4.2.7  Statistical Analysis 

 

Data was analyzed using SPSS Statistics software (SPSS, Chicago, IL). Incident 

rates of the outcome (ulcer healing) were calculated between the various exposure 

groups in two ways: first - Low (HbA1C <8.0) and High (HbA1C ≥ 8.0); second – Low 

(HbA1C ≤ 6.5), Intermediate (6.5 <HbA1C ≤ 11.0) and High (HbA1C >11.0). We 

provided descriptive data for patient demographics including age, sex, duration of 

ulcer (months), location of ulcer in the axial plane (plantar, dorsal), location of ulcer 

in the coronal plane (forefoot, midfoot, hindfoot) and the Strauss score.  Where the 

independent variable (HbA1C) was categorized as High vs. Low, a Wilcoxen signed 

rank test was used to determine if there were statistically significant differences 

between the groups for age, duration of ulcer and Strauss score.  This was used as an 

alternative to the t-test as the data failed tests for normalcy.  Where the independent 

variable (HbA1C) was categorized as High, Intermediate or Low, a Kruskal-Wallace 

H test was used to determine if there were statistically significant differences 

between the groups for age, duration of ulcer and Strauss score.  As was the case 

with the previous statistical analysis, an alternative to an ANOVA test was employed 

as the data failed tests for normalcy.  A Chi-squared test was used to detect 

differences between sex and location of ulcer in both analyses.  



 49 

 

 Time to healing of the ulcer was analyzed with a Kaplan Meier survival 

analysis.   This was repeated for both ways of categorizing the exposure (HbA1C).  

Patients lost to follow-up were included in the survival analysis – censored for the 

last known visit at which the ulcer was open.  A logistic regression was employed to 

determine if age, sex, ulcer severity (measured via Strauss score), changes to three 

detriments to healing (vascular supply, infection and offloading) had an effect on 

ulcer healing by category of HbA1C.  Changes to the detriment to healing was 

categorized for the calculation.  Those detriments to healing which were optimized 

at the start of the study interval were assigned a value of “0”, those detriments 

which were not optimized at the onset of the study but which were optimized 

during the course of treatment were assigned “1” and those detriments which 

remained not optimized were assigned “2”.   We calculated and reported an odds 

ratio and 95% CI for each variable.  A proportional hazards regression analysis (Cox 

model) was also employed for each of the variables described above.  The 

detriments to healing were treated in the same manner as in the logistic regression 

model.  Finally, a regression model was used to analyze HbA1C as a continuous 

variable to determine if an effect size could be quantified for each incremental 

increase in HbA1C value.  For both the logistic regression and the cox regression 

analysis cases with missing data were omitted from the calculations. 
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4.2.8  Potential Confounders 

 

The potential confounders in this study include: poor nutrition, smoking, 

plantar pressure, deformity, infection and poor vascular supply.  Examination of the 

confounders in this study was of critical importance.  We considered all of the 

potential detriments to healing as having the ability to play a role in the delayed 

healing of a DFU (and therefore to act as a confounder) but infection and poor 

vascular pathology were identified in the causal pathway (Figure 2) as potentially 

having a direct effect on glycemic control and wound healing.  

 

The presence or absence of each of the potential confounders was captured 

and recorded with the intake and follow-up clinical pathways that were employed at 

each visit. However, there were challenges in completing this evaluation, as some of 

it was simply not captured in the patient record.  Those detriments to healing that 

we were unable to determine change in during the course of the study were: poor 

nutrition, smoking status, and deformity.  In contrast, we were able to capture 

changes in the following detriments to healing: offloading, infection, and vascular 

pathology.  Conveniently, infection and vascular pathology were likely to have (from 

the literature) the greatest risk of having an effect on glycemic control and the 

healing of a DFU.  The presence or absence of the detriment to healing as well as the 

interval change over the study period was considered in the data analysis and 

assessed with a proportional hazards regression analysis (Cox model).  
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4.2.9 Bias  

  

In this study there are several potential sources of bias.  With respect to 

selection bias, both recruitment and loss-to-follow-up (LTF) are areas of concern.  

Recruitment of patients took place in a consecutive manner.  We had anticipated 

requiring a comparison to be made between those recruited and those patients who 

declined enrollment to ensure that there were no significant demographical 

differences between the two groups.  However this was not necessary due to the fact 

that most patients were captured in the retrospective review.  Losses to follow-up 

were minimal (total =5), likely due to the fact that the study was closely related to 

clinical care. We attempted to contact all patients who are lost to follow-up in order 

to determine the cause and their outcome.  

 

 Potential sources of information or classification bias in this study may stem 

from an inability to blind assessors and the potential for patients to move between 

exposure categories.  The inability to blind assessors (in particular the Clinical 

Nurse Specialist who will be obtaining the data) will be identified in the reporting of 

the study results.  The possibility of patients moving between exposure categories is 

in effect the nature of the study.  It is conceivable that a patient who presents to the 

clinic with a given HbA1C value may have experience a change in HbA1C over the 

study period.  This change in glucose control can be seen when a deep infection 

develops, when medications are changed or when a number of other scenarios 

occur.   However, the exposure of interest was that of the HbA1C at time of 
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presentation, if there is a significant change in the HbA1C during the treatment 

interval, this may be of relevance but is outside the scope of the current study. 

 

 

4.3  RESULTS 

 

4.3.1  Patient Recruitment 

 

 A total of 225 ulcers were reviewed at the MDLUC during the study period.  

Of these, 76 were in patients without diabetes and 26 did not meet inclusion criteria 

(e.g. ulcer above the level of the malleoli or non-delayed healing).  A total of 123 

ulcers met inclusion criteria. Of these, 4 did not obtain a HbA1C during the specified 

period and 6 were lost to follow-up prior to 6 months or documented healing of the 

ulcer.   9 patients underwent an amputation prior to 6 months of treatment at 

MDLUC. 

 

A diagram of the patient flow is illustrated in Figure 6. 
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Figure 6  Patient flow 

 

 
 
 
 
 

 

The patients were then classified by exposure two ways: first, as either 

a“high” or “low” HbA1C and secondly as either “high”, “intermediate” or “low” 

HbA1c.  As stated previously, 4 out of the 123 patients did not have a recorded 

HbA1C value within 6 weeks of presentation to MDLUC.  However, a HbA1C was 

available for all 4 patients outside of this window.  The HbA1C identified outside the 

window ranged from 7.6 -9.0 for all 4 patients and was within a maximum of 5 

months from presentation of a DFU.  We estimated that the likelihood of a 

substantial change of HbA1C over this timeframe would be small.  Therefore, we 

accepted that we could classify all four of these patients in the “intermediate” 

category where our exposure was classified as high, intermediate or low.  We 
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excluded all 4 patients from the analysis whereby the exposure was classified as 

high or low as all of the values were within 1 point from the cutoff.   The sample size 

was therefore different for the two ways to analyze the exposure.   This is described 

in Figure 7 and 8. 

 

Figure 7  Ulcer distribution where exposure (HbA1C) was designated as either 
“Low” or “High” 
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Figure 8  Ulcer distribution where exposure (HbA1C) was designated as either 
“Low”, “Intermediate” or “High” 

 

 
 
 

4.3.2 Patient Characteristics 

 

Table 3 outlines the patient characteristics when patients are categorized as 

having a “high” or a “low” HbA1C.  Statistically significant differences are noted for 

age  (p=0.001) and Strauss score (p=0.011).  The Strauss score is a measure of ulcer 

severity where a lower score indicates a more severe ulcer [4]. 
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Table 3  Patient characteristics by HbA1C (either “low” or “high”) 

 
 
  

When patients are classified by HbA1C as “high,” “intermediate,” or “low” 

(Table 4), the only statistically significant difference between the groups is age  

(p=0.02).  Patients with a higher HbA1C are younger than those with a low or 

intermediate level. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Demographics 
     HbA1C  

<8 (N=56) ≥8 (N=63) P-value 
Age (yrs) 65   57  0.001 
Sex (% Male) 0.76 0.75 0.368 
Duration of Ulcer (mos) 6.8 8.1  0.620 
Location of Ulcer (%)      

  

Dorsal 7 11 0.751 
Plantar 93 89  
Hindfoot 15 8 0.538 
Midfoot 22 22  
Forefoot 63 70  

Strauss Score 6.9 8.1  0.011 
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Table 4 Patient characteristics by HbA1C (“low”, “intermediate” and “high”) 
 

 
 

 
 

 
4.3.3 Ulcer Healing 

 

 In the analysis which divided patients into either a “high” HbA1C or “low” 

HbA1C a total of 35 of the 61 (57%) patients healed at a mean time of 3.1 months in 

the “high” group in comparison to 29 of 52 (56%) at a mean time of 2.0 months in 

the “low” group.   

 

 In the second analysis whereby patients were divided into either a “high”, 

“intermediate” or “low” HbA1C a total of 10 out of the 14 (71%) patients healed at a 

mean time of 3.4 months in the “high” group in comparison to 41 out of 79 (52%) at 

Demographics 

HbA1C  

≤6.5 (N=27) 
6.5<HbA1C≤11 

(N=82) >11 (N=14) P-value 
Age (yrs) 65 60 54 0.024 
Sex (% Male) 0.74 0.74 0.57 0.276 
Duration of 
Ulcer (months) 7.6 6 14 0.154 
Location of 
Ulcer (%)        

  

Dorsal 15 7 20 0.634 
Plantar 85 93 80  
Hindfoot 8 12 13 0.390 
Midfoot 12 26 20  
Forefoot 80 62 67  

Strauss Score 7.3  7.6  7.9 0.76 
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a mean time of 2.6 months in the ‘intermediate group” and 14 out 24 (58%) of the 

ulcers healed in the “low” group at a mean time of 2.1 months.  

 

 A Kaplan-Meier estimate is a standard nonparametric estimator of the 

survival function. In this study, we selected the inverse (1-survival) or cumulative 

incidence curve to analyze the healing of DFUs by category of HbA1C.  The 

cumulative incidence curves are shown in Figures 9 and 10.   No significant 

difference was found between the survival curves in either analysis.  

 

Figure 9  Kaplan-Meier Survival Curve (shown as 1-KM) for Ulcer Healing (in 
percentage) by Categorization of HbA1C (Low and High) in Time 
(months) 
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Figure 10  Kaplan-Meier Survival Curve (shown as 1-KM) for Ulcer Healing (in 

percentage) by Categorization of HbA1C (Low and High) in Time 
(months) 

 

 
 
 
 
4.3.4   Detriments to healing a DFU 
 
 

Table 5 and 6 describe the state of the detriments to healing over the study 

period.  Recorded in these tables is the total number of patients where the 

detriment to healing was already optimized at the initial visit, the total number of 

patients that was not initially optimized but were optimized over the treatment 

period at MDLUC, and the total number that never achieved optimization of the 

detriment. One striking feature exists with regards to the confounders.  Near 
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uniform care was provided to the patients.  All of the patients who presented with 

evidence of infection at the time of the initial visit were treated and optimized by the 

final visit.  Of the 88 patients who presented without previous treatment of plantar 

offloading only 8 were not optimized by the final visit.  The same is true of vascular 

supply, however of those patients who presented without optimization of this 

detriment, only a very small number underwent an intervention to reverse this.   

 
 
 
Table 5 Total number of patients where the detriment to healing was 

optimized at the initial visit (“Optimized Initial”), optimized over the 
study period (“Subseq. Optimized”) and Not Optimized at final visit 
(“Not Optimized”) by categorization of HbA1C as either “high” or 
“low”  

  
Detriment
s to 
Healing 
 

HbA1C 
<8 (N=56) ≥8 (N=63) 

Optimized 
Initial 

Subseq. 
Optimized 

Not 
Optimize
d 

Optimized 
Initial 

Subseq. 
Optimized 

Not 
Optimize
d 

Vascular 
Supply 

34 4 16 44 3 7 

Infection 49 7 0 47 16 0 
Offloading 14 32 2 15 38 4 
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Table 6 Total number of patients where the detriment to healing was 

optimized at the initial visit, subsequently optimized over the study 
period, and not optimized at final visit by categorization of HbA1C as 
either “high,” “intermediate,” or “low”  

 
 
Detriments 
to Healing 
 

HbA1C 
≤ 6.5 (N=27) 6.5<HbA1C≤11 

(N=76) 
> 11 (N=14) 

Opt 
Ini 

Subs 
Opt 

Not 
Opt 

Opt 
Ini 

Subs 
Opt 

Not 
Opt 

Opt 
Ini 

Subs 
Opt 

Not 
Opt 

Vascular 
Supply 

16 0 9 57 6 12 8 1 3 

Infection 23 4 0 66 16 0 10 3 0 
Offloading 5 17 1 20 48 0 4 7 0 
*Opt Ini = Optimized Initial; Sub Opt = Subsequently Optimized; Not Opt = Not 

Optimized 
 
 

4.3.5 Logistic Regression 

 A logistic regression analysis was employed to run a model predicting the 

outcome healing using HbA1C, sex, age, Strauss score as well as the following 

detriments to healing: infection, vascular supply and offloading.   The results are 

summarized in Table 7.  Appendix F includes the categorical variable coding and 

model summary for this analysis.  The results do not show a statistically significant 

odds ratio (OR) for any of the variables in the model.  The 95% CI for the OR crosses 

1 for all variables.  
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Table 7 Logistic Regression Analysis 

Variable Odds Ratio (OR) 95% CI for OR 
Upper Lower 

HbA1C 0.858 0.653 1.127 
Sex 1.76 0.598 5.182 
Age (60) 0.634 0.392 1.024 
Strauss Score 1.040 0.831 1.303 
Infection (Subseq. 
Optimized) 

1.678 0.416 6.766 

Vascular Supply 
(Subseq Optimized) 

0.323 0.051 2.049 

Vascular Supply (Not 
Optimized) 

0.623 0.199 1.946 

Offloading (Subseq 
Optimized) 

0.846 0.366 1.953 

 

 

4.3.6   Cox Regression 

 Cox regression analysis was performed for both ways of categorizing HbA1C.  

In both models a Hazard Ration (HR) as well as 95% CI for HR was reported and 

summarized in Table 8 and 9.  Appendix G includes the categorical variable coding 

and model summary for this analysis.  Neither analysis demonstrated a statistically 

significant Hazard Ratio for any of the variables.  All variables had 95% CI for the HR 

which crossed 1.   
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Table 8 Cox Regression for categorization of HbA1C as “low” or “high” 

Variable Hazard Ratio (HR) 95% CI for HR 
Upper Lower 

HbA1C (high) 0.809 0.458 1.429 
Sex 0.929 0.729 1.185 
Age (60) 0.817 0.446 1.497 
Strauss Score 1.061 0.516 2.182 
Infection (Subseq. 
Optimized) 

0.400 0.095 1.679 

Vascular Supply 
(Subseq Optimized) 

0.689 0.336 1.453 

Vascular Supply (Not 
Optimized) 

1.117 0.625 1.997 

Offloading (Subseq 
Optimized) 

0.492 0.109 2.264 

 
  

Table 9 Cox Regression for categorization of HbA1C as “low,” “intermediate,” 
or “high” 

 
Variable Hazard Ratio (HR) 95% CI for HR 

Upper Lower 
HbA1C (Int) 0.886 0.446 1.758 
HbA1C (High) 1.125 0.437 2.896 
Sex 0.932 0.732 1.186 
Age (60) 0.850 0.463 1.560 
Strauss Score 1.129 0.565 2.256 
Infection (Subseq. 
Optimized) 

0.428 0.102 1.800 

Vascular Supply 
(Subseq Optimized) 

0.710 0.344 1.465 

Vascular Supply (Not 
Optimized) 

1.055 0.591 1.882 

Offloading (Subseq 
Optimized) 

0.555 0.155 1.934 

 

 A final Cox regression analysis was performed using HbA1C as a continuous 

variable (Table 10).  The categorization of the remaining variables for this model 

was identical to the Cox Regression analysis above.   This produced a statistically 
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significant HR for HbA1C (HR=0.823, 95% CI 0.68-0.996).  Which suggests an 

increased time to healing for each 1 point increase in HbA1C.  

 

Table 10 Cox Regression for HbA1C as a continuous variable  

Variable Hazard Ratio (HR) 95% CI for HR 
Upper Lower 

HbA1C  0.823 0.68 0.996 
Sex 1.486 0.735 3.008 
Age (60) 0.727 0.519 1.020 
Strauss Score 1.016 0.862 1.197 
Infection (Subseq. 
Optimized) 

1.303 0.520 3.285 

Vascular Supply 
(Subseq Optimized) 

0.429 0.917 1.897 

Vascular Supply (Not 
Optimized) 

0.652 0.289 1.472 

Offloading (Subseq 
Optimized) 

0.921 0.498 1.706 

Offloading (Not 
Optimized) 

0.378 0.46 3.074 

 
 

 

 
4.3.7   Amputations 
 
 Overall, 9 amputations occurred during the study interval.  The cause of 

amputation for 6 cases was a necrotic or gangrenous toe.  Three patients elected 

amputation prior to six months of treatment at the MDLUC clinic.  The mean time to 

amputation was 5.3 months.  No differences were found in terms of duration of ulcer 

or detriments to healing present for those ulcers which resulted in amputation.   

Patient distribution occurred as follows: 6 were “high” HbA1C and 2 were “low” 

HbA1C for the high/low analysis and 2 were “high” HbA1c, 5 were “intermediate” 
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HbA1C and 1 was “low” HbA1C for high/intermediate/low analysis.  HbA1C was not 

available for one patient that underwent an amputation.   

The rate of amputation in this study was 7%.   

 

  

4.4  INTERPRETATION 

  

The research question for our project was a simple one: Does poor glucose 

control (elevated HbA1C) at time of presentation with a diabetic foot ulcer have an 

impact on the time to heal an ulcer?  We have demonstrated with the background 

information as well as the data analysis that there are many additional factors that 

may contribute to the healing of a DFU.  The additional factors include the potential 

detriments to healing (poor nutrition, infection, smoking, vascular pathology, 

plantar pressure and deformity) as well as patient characteristics (age, sex) and 

ulcer characteristics (severity).   

 

The survival analysis failed to show a significant difference between levels of 

HbA1C and time to ulcer healing.  Similarly, the logistic regression and Cox 

regression analysis, for all but one model, failed to show a statistically significant 

difference. The HR from this model would suggest an 18% increase in time to 

healing for each 1-point increase in HbA1C, which represents a difference of 

approximately 2 weeks.  This model assumes a linear relationship between HbA1C 

and healing.  A quadratic model was also explored with this data and found to be 
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non-significant.  The model that showed a difference between time to ulcer healing 

and HbA1C should be interpreted with caution.  This model included only cases with 

complete data for the variables tested, as those with missing data were dropped 

from the analysis (total N=90).  The distribution of these cases by HbA1C is 

demonstrated in Figure 11 and expressed by quintiles in Table 11.  

 

Figure 11 Distribution of HbA1C values used in Regression Analysis Model 
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Table 11 Distribution of HbA1C values used in Regression Analysis by Quintiles 

Quintiles of HbA1C 
(value distribution) 

Number of cases 

20 
(5-1-6.19) 

16 

40  
(6.2-7.09) 

18 

60 
(7.1-8.75) 

20 

80 
(8.76-9.8) 

16 

100 
(9.9-12.5) 

20 

  

While this result is in keeping with our hypothesis, this study was not 

powered to show this effect.  We would suggest that this result should be considered 

as a pilot for future research.  To confirm if our findings are valid, the hypothesis 

needs to be retested using HbA1C as a continuous variable, and accounting for the 

potential interaction of age, sex as well as each of the detriments to healing with an 

appropriately powered study. 

 

We had expected to find statistically significant differences between 

categories of HbA1C and time to healing in our survival analysis.  This was not 

found.  There are several possible causes for this outcome.  There is a chance that 

the study we failed to recruit enough patients to detect the effect that differences in 

HbA1C had on healing a DFU.  The sample size calculated was 130 patients and we 

recruited 123 ulcers.  This could be conclusively ruled out as a possible cause for 

our findings by recruiting 7 more patients.  Unfortunately, this was not feasible with 

the current recruitment strategy and time needed to complete this project.  We did 



 68 

not expect that there would be near uniform care with regards to the other 

detriments to healing.  Our findings made it difficult to determine what (if any) role 

the confounders played in relation to HbA1C.  It is possible that one of the 

detriments to healing which we did not capture well (e.g. smoking, nutrition or 

deformity) had a greater than expected influence on the outcomes.  

 

Perhaps, the cutoff points used for the values of HbA1C were incorrect.  The 

cutoffs tested in this study were taken from previous work, which demonstrated 

increased rates of complications for each of the thresholds we tested.  However, 

these previously reported complications were not specifically healing of a DFU, but 

rather mortality and all-cause complications.  Our data analysis suggests that a more 

accurate model may be the consideration of healing rates by HbA1C as a continuous 

variable.  

 

Finally, there may be another time-point in the development and treatment 

of a DFU where the HbA1C is more predictive of outcome.  Perhaps, a year prior to 

the onset of the DFU, or perhaps, the change in HbA1C over the study period may be 

more predictive.  Again, further evaluation into these hypotheses is required.  

 

The limitations of this study include a small sample size.  This failed to allow 

us to account for the large number of potential confounders.  The study design 

precluded the ability to blind either the assessors or the persons responsible for 

data analysis.   
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CHAPTER 5  CONCLUSIONS 

 

The introduction outlined the severity and magnitude of the problem of 

DFUs.  It is simply put a problem of significant proportions for our country, for local 

health-care organizations, for individual health-care providers as well as those 

individuals with the condition.   

 

Treating a DFU is difficult due to the multiple factors that may contribute to 

the non-healing of an ulcer.  We have proposed a novel causal pathway that 

describes the potential interactions between the potential detriments to healing . 

This pathway should be considered dynamic and is likely to change as further 

research into DFUs continues.  An additional interaction that could be placed onto 

the pathways is between poor glucose control and deformity (due to Charcot 

neuropathic arthropathy).  The importance of this pathway is clear to both clinical 

applications and future research. 
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We tested the hypothesis that poor glycemic control had a direct inhibitory 

effect on the healing of a diabetic foot ulcer.  This potential detriment to healing was 

selected for its unique role in the pathophysiology of the disease, testability of the 

hypothesis and support in the literature.  Our study, however, failed to uncover a 

direct relationship with poor glycemic control and the non-healing of a diabetic foot 

ulcer.  Regression analysis of the role of optimizing infection, offloading, and 

vascular supply also failed to demonstrate significance.   

 

The temptation might be to write off this lack of association and/or the 

concept of the detriments to healing a DFU.  However, the most logical conclusion is 

that our study in fact, highlighted and demonstrated the concept that was initially 

presented – the study of a diabetic foot ulcer is a complex and multi-faceted topic.  
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Ultimately, any study, which fails to consider all of the potential detriments to 

healing of a DFU as well as the inter-relationships between the potential detriments, 

may be doomed to come up short.   A much larger study, which is powered to 

consider all of the confounders is necessary.  

 

Further study should include an attempt to confirm and quantify the effect of 

the detriments to healing on both the healing of a DFU and on each other.  Threshold 

values of HbA1C that are associated with a non-healing of DFU still need to be 

established.  Alternatively it may be possible to describe a relationship between 

healing time and the incremental increase of HbA1C.  Finally, other potential 

contributors to the non-healing of a DFU (beyond those proposed in this work) need 

to be investigated.  

 

 One need only spend a morning in a foot ulcer clinic to understand the 

significance and importance of this type of inquiry.  The patients suffering with a 

DFU are deserving of improved treatment for this significant condition.  
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APPENDIX A Research Questions and Hypothesis for Each of the 

Potential Detriments to Healing a DFU 
 
 
Glycemic Control - Is poor glycemic control a detriment to the healing of a DFU? 
 
Nutrition - Is poor nutrition/abnormal biomarkers a detriment to the healing of a 
DFU?  
 
Vascular Supply - Does revascularization of the foot improve healing of DFU where 
ischemia is present?  
 
Smoking – Does smoking act as a detriment to the healing of a DFU? 
 
Offloading - Does offloading with a total-contact cast improve the healing of a DFU? 
 
Deformity - Does deformity correction (specifically a tendo-achilles lengthening for 
a tight tendon-achilles) improve DFU healing?   
 
Infection - Is a deep or superficial infection a detriment to the healing of a DFU? 
 
*Note the hypothesis for each research question was that the detriment to healing 
would have a negative impact or that correcting the detriment would have a positive 
impact on the outcome. 
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APPENDIX B  Dalhousie University - Multidisciplinary Leg Ulcer Care 

(MDLUC) Initial Assessment Tool  
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APPENDIX C  Dalhousie University - Multidisciplinary Leg Ulcer Care 

(MDLUC) Follow-up Assessment Tool  
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APPENDIX D  Data Dictionary 
 
  Source Type Details 
Demographics Patient ID 

(non-
identifiable, 
unique) 

Assigned at time of 
enrollment 

Categorical  

 Visit (Interval 
data) 

 Categorical Initial 
2 months 
4 months 
6 months 

 Age (ratio, in 
years) 

 Categorical  

 Gender   Categorical Male (M) or Female 
(F) 

Exposure HbA1c (%) HPF, interval data Categorical Range 5.0 – 19.0 
Primary 
Outcome 

Ulcer Healing 
(Ratio Values, 
recorded in 
days) 

Follow up visit   

Secondary 
Outcome 

Leg Ulcer 
Measurement 
Tool (LUMT)  
- Validated tool 
to evaluate a 
leg ulcer 
appearance 

Clinician Rated 
Domains 
- ordinal values, 
obtained from 
LUMT located in 
patient pathways 
- Data available 
from clinical 
pathway as scored 
by clinical nurse 
specialist (CNS) 

 14 items, scored by 
physicians (exudate 
type, amount, size, 
depth, 
undermining, 
necrotic tissue, 
granulation type 
and amount, edges, 
peri-ulcer skin, leg 
edema type, 
location, 
bioburden) 
- each item is 
scored from 0-4 
- sum totals 
recorded, range of 
values 0-56 

  Patient Rated 
Domains 
- ordinal values, 
obtained from 
LUMT located in 
patient pathways 
- data available 
from clinical 
pathway, score 
reported by patient 

 3 domain areas 
scored from 0-4 
(pain amount, pain 
frequency, quality 
of life) 
- range of values 0-
12 

 SF-36 
- global health 

  Physical 
Component Score – 
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survey 
measurement 
tool of 36 
items that 
compose 8 
scales 
(physical 
functioning, 
role-physical, 
bodily pain, 
general health, 
vitality, social 
functioning, 
role-
emotional, 
mental health) 
that are 
combined to 
produce two 
component 
scores 

ratio values 0-100, 
transformed into 
norm based score 
(Mean = 50, SD = 
10) 
Mental Component 
Score – ratio values 
0-100 transformed 
into norm based 
score (Mean = 50, 
SD = 10) 

 Cardiff Wound 
Impact 
Schedule 
(CWIS) 
- disease 
specific quality 
of life 
measurement 
tool for 
patients with 
diabetic foot 
ulcers 

  Four domains of 
measurement 
(quality of life, well-
being, daily living, 
physical symptoms) 
- items summed and 
averaged for each 
domain, range 0-
100 

 
Confounders: 
  Source Type Details 
Vascular 
Supply 

Palpable Pulse Obtained from 
clinical exam 

 Dichotomous 
ordinal data, 
reported as Y or N 

 Arterial 
Brachial Index 
- non-invasive 
test of vascular 
supply, ratio of 
blood pressure 
in lower leg to 
arm 

  Value range = <0.5 
(minimum) to >1.2 
(maximum) 
- values between 
maximum and 
minimum values 
reported to single 
decimal point 

 Revascularizati
on 

  Dichotomous 
ordinal data, 
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- indicates 
whether or not 
a surgical 
intervention 
has taken place 
to re-establish 
vascular supply 
to limb with 
DFR present 

reported as Y or N 

Infection Clinical 
Findings 
- clinical 
findings 
consistent with 
infection 
(erythema, 
fever, purulent 
drainage 

Available from 
clinical pathway as 
reported by CNS 

 Nominal data, 
reported as Y or N 

 Antibiotics 
- patient is 
currently on or 
has had 
antibiotic 
therapy 
initiated at the 
current visit 

Available from 
clinical pathway as 
reported by CNS 

 Nominal data, 
reported as Y or N 

 White Blood 
Cell Count 
(WBC, 
unit=cells/mm) 
- indicates the 
number of 
leukocytes 
present in the 
blood 
- surrogate 
marker for 
infection when 
elevated 

  Interval scale 
- value range 0-35, 
with value of >10 
considered elevated 

 Erythrocyte 
Sedimentation 
Rate (ESR, unit 
= mm/hr) 
- the rate at 
which 
erythrocytes 
sediment over 
a one hour 
period of time 
- surrogate 

Obtained from HPF  Interval scale 
- value range 0-100, 
value >20 
considered elevated 
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marked for 
infection 

 C-Reactive 
Protein (CRP, 
unit mg/L) 
- pentameric 
protein found 
in plasma in 
pro-
inflammatory 
states 
- surrogate 
marker for 
infection when 
elevated 

Obtained from HPF  Interval scale 
- value range 0-200, 
value >2 considered 
elevated 

Offloading Offloading 
- lifestyle 
modification or 
physical aid to 
reduce the 
external 
pressure at the 
active ulcer site 

Obtained from 
clinical pathway as 
indicated by CNS 

 Nominal scale, 
reported as Y, N or 
N/A 

 Type 
- indicate type 
of offloading 
device 
employed 

Obtained from 
clinical pathway as 
indicated by CNS 

 Nominal scale, 
devices include: 

- custom 
orthotic 

- aircast boot 
- offloader 
- cast 
- bracing 
- gait aid 
- shoewear 

modificatio
ns 

- other 
Deformity Clinical 

assessment of 
amount of 
change in foot 
shape from 
baseline 

  Nominal scale, 
descriptors include: 

- tight tendo-
achilles 

- claw toes 
- rocker-

bottom foot 
- pes planus 
- hallux 

valgus 
- hammer 

toes 
- overlapping 

digits 
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- previous 
amputations 

- other 
- none 

Nutrition/Bio
markers 
(WBC, ESR, 
Fe, Albumin, 
Hgb) 

WBC, ESR, CRP 
(as indicated in 
infection 
section) 

   

 Serum Iron (Fe, 
unit = ug/dL) 
- measure of 
body iron 
stores 
- abnormality 
indicates poor 
prognosis with 
regards to 
biomarkers 

  Reference range 1 – 
200, value less than 
170 considered 
abnormal 

 Albumin (unit 
= U/L) 
- globular 
protein 
produced by 
liver 
- surrogate 
marker of 
nutrition 

  Value <3.5 
considered 
abnormal 

 Hemoglobin 
(Hgb, unit = 
g/L) 
- oxygen-
transport 
protein on RBC 
- biomarker, 

  Range 1-200, values 
less than 120 
considered 
abnormal 

Smoking  Obtained from 
clinical pathways as 
reported by CNS 

 Smoking status 
indicated as Y or N 
- nominal scale 

Ulcer 
Characteristic
s 
(Coronal 
plane, 
anatomic, 
measurement
, Strauss) 

Coronal Plane 
- location of 
ulcer indicated 
as either dorsal 
or plantar 
surface 

Obtained from 
clinical pathways as 
reported by CNS 

 Nominal data 

 Anatomic 
Location 
- location of 

Obtained from 
clinical pathways as 
reported by CNS 

 Nominal data 
- hindfoot (proximal 
to Chopart joint) 
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ulcer - midfoot (between 
Chopart joint and 
metatarsals) 
- forefoot (distal to 
metatarsals) 

 Measurement 
(unit = cm) 
- cross-
sectional 
measurements 
(diameter) in 
two planes 
(length and 
width) 

  Ratio scale 

 Strauss 
Classification 
- graded 
classification 
for open ulcers 

  Interval scale 
- assigned score 0-2 
for each of the 
following domains: 

- appearance 
- size 
- depth 
- infection 
- perfusion 

- value range 0-10 
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APPENDIX E  Simulation Code in R Statistical Software  
and Results from Simulation for Sample Size  
Calculation 

 
 
Simulation Code in R Statistical Software: 
n<-130 
asim<-10000 
pval<-rep(NA,asim) 
corval<-rep(NA,asim) 
hazval<-rep(NA,asim) 
for(i in 1:asim) 
{ 
gm<-rgamma(n,shape=.63,scale=200) 
gmstd<- (gm-mean(gm))/var(gm)^.5 
z<-rnorm(n,8.1,1.3) 
x<-z+.4 * gmstd  
cns<-(gm<180) 
cph<-coxph(Surv(gm,cns)~x) 
summary(cph) 
pval[i]<-summary(cph)$coefficients[5] 
corval[i]<-cor(gm,x) 
hazval[i]<-summary(cph)$conf.int[2] 
} 
 
summary(cph) 
summary(pval) 
quantile(pval,.8) 
summary(corval) 
hist(corval) 
summary(hazval) 
hist(hazval) 
 
 
 
Results from simulation: 
Power 0.04181843 
> summary(pval) 
 Min. 1st Qu. Median Mean 3rd Qu. Max.  
0.0000000 0.0005174 0.0045210 0.0396200 0.0267800 0.9920000  
> quantile(pval,.8) 
 80%  
0.04181843  
 
Effect size 0.2941 
> summary(corval) 
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 Min. 1st Qu. Median Mean 3rd Qu. Max.  
-0.01412 0.24160 0.29610 0.29410 0.34820 0.59250  
 
Hazard Ratio 1.2420 
> summary(hazval) 
Min. 1st Qu. Median Mean 3rd Qu. Max.  
0.9437 1.1780 1.2370 1.2420 1.2990 1.6890 
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APPENDIX F   Logistic Regression Analysis 
 
 
 

Categorical Variables Codings 

  
Frequency 

Parameter coding 

(1) (2) 
VascOptimized .00 63 .000 .000 

1.00 7 1.000 .000 

2.00 20 .000 1.000 

OPTIMIZED .00 78 .000   
1.00 12 1.000   

nSEX Male 66 .000   
Female 24 1.000   

 
 
 
 
 

Model Summary 

Step -2 Log likelihood Cox & Snell R Square 
Nagelkerke R 

Square 
1 118.656a .058 .078 

a. Estimation terminated at iteration number 3 because parameter estimates changed by less than .001. 
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APPENDIX G   Cox Regression Analysis 
 
 
Analysis results for HbA1C categorized as “high” or “low”: 
 

Categorical Variable Codingsb,c,d,e,f 
  Frequency (1) (2) 

nSEXa .00=Male 76 0   
1.00=Female 32 1   

CAT2_HBA1Ca .00=0-7.999 54 0   
1.00=8.0-Highest 54 1   

OPTIMIZEDa .00 91 0   
1.00 17 1   

OffOptimizeda .00 40 0 0 

1.00 62 1 0 

2.00 6 0 1 

VascOptimizeda .00 78 0 0 

1.00 7 1 0 

2.00 23 0 1 

a. Indicator Parameter Coding 
b. Category variable: nSEX 
c. Category variable: CAT2_HBA1C 
d. Category variable: OPTIMIZED 
e. Category variable: OffOptimized 
f. Category variable: VascOptimized 

 
 
 

Omnibus Tests of Model Coefficientsa 

-2 Log 
Likelihood 

Overall (score) Change From Previous Step Change From Previous Block 

Chi-square df Sig. Chi-square df Sig. Chi-square df Sig. 
487.233 5.151 8 0.741 3.708 5 0.592 3.708 5 0.592 

a. Beginning Block Number 3. Method = Enter 
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Analysis for HbA1C categorized as “high,” “intermediate,” or “low” 
 

Categorical Variable Codingsb,c,d,e,f 
  Frequency (1) (2) 

nSEXa .00=Male 80 0   
1.00=Female 32 1   

CAT3_HBA1Ca .00=0-6.5 25 0 0 
1.00=6.501-11 75 1 0 
2.00=11.01-Highest 12 0 1 

OPTIMIZEDa .00 94 0   
1.00 18 1   

OffOptimizeda .00 40 0 0 
1.00 64 1 0 
2.00 8 0 1 

VascOptimizeda .00 81 0 0 

1.00 7 1 0 

2.00 24 0 1 

a. Indicator Parameter Coding 
b. Category variable: nSEX 
c. Category variable: CAT3_HBA1C 
d. Category variable: OPTIMIZED 
e. Category variable: OffOptimized 
f. Category variable: VascOptimized 

 
 

Omnibus Tests of Model Coefficientsa 

-2 Log 
Likelihood 

Overall (score) Change From Previous Step Change From Previous Block 

Chi-square df Sig. Chi-square df Sig. Chi-square df Sig. 
501.162 5.069 9 0.828 3.397 5 0.639 3.397 5 0.639 

a. Beginning Block Number 3. Method = Enter 

 
 


