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ABSTRACT 

Background Diabetic foot ulcer is common cause of amputation around the world. Diabetic 

amputation has been increasing in Ethiopia. However, incidence of diabetic foot ulcer and its 

predictors were less studied in Ethiopia. Predictors of Diabetic foot ulcer have been less studied 

in Debre Berhan Comprehensive Specialized Hospital. Therefore, this study could assess 

incidence of diabetic foot ulcer and its predictors.  

Objective to assess incidence of diabetic foot ulcer and its predictors among adult diabetic 

patients in Debre Berhan comprehensive Specialized Hospital, North shoa, Ethiopia, 1998-2013 

E.C. 

Methods; - an institutional-based retrospective cohort study was conducted. Systematic random 

sampling technique was used to select a sample of 321 patients from a total of 1050 DM patients. 

Data extraction check list was used to extract data.  

 Data was entered in Epi-Data then exported to SPSS software for analysis. The survival 

experience of the patients was assessed using Kaplan-Meier survivor function. The independent 

effect of predictors on the occurrences of diabetic foot ulcer was identified by Cox proportional 

hazard model. Statistical significance from bi-variable analysis for the multivariable analysis was 

declared with a p- value of <=0.25 

Results The incidence of diabetic foot ulcer was 1.01 per 100 person years (95%: CI, 

.73954_1.39679).  Obesity (AHR=2.936; 95% CI: 1.107-7.788), diabetic neuropathy 

(AHR=2.943: 95% CI: 1.468-5.901), rural residence (AHR=2.731: 95% CI: 1.268-5.883), 

hypertension (AHR=5.609: 95% CI: 2.493-12.897), age >=70 years (AHR=15.025: 95% CI: 

3.578-63.098) and high density lipoprotein (AHR=3.713: 95% CI: 1.809-7.620) increased the 

hazard of diabetic foot ulcer.  

Conclusion Residence, obesity, age, hypertension, neuropathy and high density lipoprotein were 

found to be significantly associated with diabetic foot ulcer. Therefore, care and special attention 

has to be given for patients with abnormal high density lipoprotein, obesity, co-morbidities and 

for patients from rural areas. 

Key words: Diabetic foot ulcer, incidence, predictors, Debre Berhan, Ethiopia 
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1. INTRODUCTION 

1.1 Background 

 

Diabetes mellitus (DM) is a metabolic condition characterized by the presence of hyperglycemia 

caused by either impairment of insulin secretion, defective insulin action or both. It is a 

metabolic disorder which leads to multiple long-term complications that affect almost every 

system in the body. DM is classified as Type 1, Type 2, hybrid form, unclassified and gestational 

diabetes mellitus(1).  

Diabetic foot ulcer (DFU) is a non- traumatic lesion of the skin on the foot of a person with DM. 

DFU affects quality of life and physiological welfare. It is the most important cause of major leg 

amputations. Mortality ranges from 24.6% within 5 years and 45.4% within 10 years. It is also 

estimated that 24.4% of the total health care expenditure among the diabetic population is related 

to foot complications(2). DFU is affected by socio-demographic factors (age, sex, residence, 

educational status, occupation and marital status), clinical factors (Duration of DM, BMI, 

hypertension, neuropathy, retinopathy and type of DM), biological factors (LDL level, HDL 

level,  triglyceride level and fasting blood sugar) and behavioral factors like smoking, physical 

activity, foot care and alcohol consumption(3). 

The development of DFU and amputation is preventable if recognized early through adequate 

glycemic control, lifestyle modification and educating the patient about self-care practice (4). 

The risk of diabetic foot ulcers is high in people who have peripheral neuropathy, hypertension, 

nephropathy and cigarette smoking, older age groups, obese and over-weight patient, abnormal 

lipid profiles and rural residents(1). Thus, assessing factors affecting diabetic foot ulcer in 

different areas is very important to prevent the effect of foot ulcer among diabetic patients .Life 

time incidence of foot ulcer is one-fourth of diabetic patients(5).  

There is a scarcity of information about incidence of DFU and its predictors(6). Most studies 

conducted on DFU are cross-sectional and somewhat case control. Hence this study added 

information on incidence of DFU and its predictors through retrospective cohort study. 
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1.2 Statement of the problem  

Globally diabetic foot ulcer was accounted for 6.3%, which was higher in males and in type 2 

diabetic patients. Diabetic Foot Ulcer (DFU) is the leading cause of amputation in the world. In 

Africa its figure was 7.2%(7) and foot complications such as ulceration, infection, or gangrene 

were generally associated with considerable long-term disability and pre-mature mortality reach 

to one fifth(8). Systematic review in Ethiopia estimated that the overall magnitude of foot ulcer 

was more than one tenth(9). According to the studies conducted in different regions of Ethiopia, 

the prevalence of diabetic foot ulcer was: 14.8%, 13.6%, 12%, and 4.4% in Arba Minch, Gondar, 

Mekelle, and Dessie respectively(2, 10). Approximately one tenth of people with diabetes 

develop some degree of diabetic foot ulcer. Every 30 seconds a lower limb or part of a lower 

limb is lost to amputation somewhere in the world and also morality rate is twofold in diabetic 

patient with foot ulcer than without foot ulcer(11).  Economic consequences are important for the 

patient, families, society, and also for the countries at large (12).  

The main risk factors associated with the earlier onset and more rapid progression of foot ulcer 

are duration of diabetes, bad control of arterial hypertension, overweight, increased age, sex, 

poor glycemic control, retinopathy, neuropathy, nephropathy, residence and lipid profiles. 

Evidences on incidence of diabetic foot ulcer in Ethiopia were rare. Factors of DFU and 

incidence of DFU were less studied. So this study could provide crucial information not only to 

the health worker but also to the patient and the community as a whole. The finding of this study 

could help to increase the knowledge on incidence of DFU and its risk factors.  

 This study was conducted in a previously unstudied area. Studies done in Ethiopia related to 

incidence of diabetic foot ulcer and its predictors were rare.  So, this study filled the gap. The 

aim of this study was to assess incidence of diabetic foot ulcer and its predictors in adult diabetic 

patient in Debre Berhan comprehensive specialized Hospital, North shoa Amhara, Ethiopia 

1.3 Significance of the study 

Determining incidence of diabetic foot ulcer and its predictors has its own contributions on a 

program to prevent diabetic complication especially diabetic foot ulcer. The finding of this study 

can be used as supportive evidence for governmental and non-governmental organizations that 

work on non communicable diseases specifically diabetic mellitus at national, regional and local 
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level by providing basic information on predictors and incidence of DFU. It can be an evidence 

for policy makers, to clinicians as well as the patients themselves to take a care 

For the patients, the study is important to know the severity of DFU and to recognize the factors 

that facilitate DFU and refrain themselves from those factors so as to prevent DFU. For the 

clinicians, it could be used as source of information about the incidence and the predictors of 

DFU so as to identify early and manage before development of DFU. For the hospital 

administration, it is necessary to avail preventive and curative supplies at the diabetic clinic. For 

the ministry of health, the study may also be important to revise the health policy by recognizing 

diabetic foot ulcer as a public health important. For researchers, the study can be served as a 

source of information for further research. 
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2. LITERATURE REVIEW  

2.1. Overview of DFU  

Diabetic foot ulcer is a lesion of the skin (partial or full thickness) that is not caused by any 

injury on the foot of a person who has diabetes mellitus(2). 

The global prevalence of DFU was 6.3%. The prevalence was higher in males and in type 2 

diabetic patients. The prevalence of DFU in Africa was 7.2%(7). The prevalence of DFU in 

Khartoum, Sudan was 18.1%(13). A retrospective study conducted in Felege Hiwot hospital in 

Bahir Dar , Ethiopia revealed that the incidence of DFU was 17.05% (14) From the institutional 

based cross-sectional study conducted in university of Gondar, Ethiopia, the prevalence of DFU 

was 13.6%(15). 

DFU is one of the major complications of diabetic mellitus and causes diabetes related foot 

deformities which intern leads to other foot ulcers(16). DFU accounts for more hospital 

admissions than any other long-term complications of DM. Foot problems also lead to increasing 

morbidity and mortality among diabetic patients(17). DFU causes lower extremity amputations 

and death among diabetic patients(18). Every 30 seconds a lower limb is lost to amputation 

somewhere in the world and also morality rate is twofold in diabetic patient with foot ulcer than 

without foot ulcer(11). 

DFU requires much expense for treatment. The study conducted in Canada showed that the 

annual average resource utilization for acute institutional care was $358.6 million(19). 

According to the study done in Tikur Anbessa Specialized Hospital, DFU has higher admission 

rates nearly one-third compared with the other complications of DM(20). 

DFU and its complications can  be prevented through detection of predictors early, life style 

modification, foot care, early detection and treatment of DM(21). The pillars of treatment of 

DFU today include: wound care with surgical debridement, dressings, vascular assessment, 

treatment of active infection, and glycemic control(22). Wound debridement involves removal of 

all necrotic tissue that is incompatible with healing. This helps in granulation tissue formation 

and re-epithelialization. Also plays a role in infection control(22). Dressing creates a moist 

environment that promotes granulation, facilitates movement of epidermal cells towards the 

wound(23). 
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Wound infection is a known predictor of poor wound healing and amputation. The appropriate 

recognition of infection and treatment with antibiotics in diabetic foot infection is crucial to 

improve outcomes. Controlling glucose level is better for better wound healing(23). 

Relieving plantar pressure and shear stress (off- loading) from a DFU is a vital part of wound 

care, as it promotes healing and prevents recurrence. Off-loading can be achieved by many 

mechanisms, including shoe modifications, boots, and orthotic walkers(24). 

2.2 Time to development of Diabetic foot ulcer   

According to population based study using non probabilistic convenience sampling among 605 

adult diabetic patients in a tertiary care diabetes clinic of Golestan Hospital, Iran, the time at 

which DFU developed was a minimum of 4 months and maximum of 24 months(25). A research 

done in Felege Hiwot Referral Hospital, Bahir Dar, Diabetic patients were followed for a 

minimum of 4 months and a maximum of 120 months for DFU to be developed(26).  

2.3 Overview of predictors of Diabetic foot ulcer 

Diabetic foot ulcer is a result of a number of factors. The predictors of DFU includes: - age, sex, 

disease like hypertension, neuropathy, way of life style duration of DM and others. Generally the 

predictors of DFU can be categorized as socio-demographic factors, clinical factors and 

biological factors (3). 

2.3.1. Socio-demographic factors of diabetic foot ulcer  

The case-control study conducted in Poland states that DFU was high among males(15). From a 

case-control study in Malaysia states, patients of age>60 years were five times more at risk of 

DFU(27). A cross-sectional study done in Arba Minch Hospital, Ethiopia, diabetic patients who 

live in rural areas were 4 times risk of developing DFU. Diabetic patients who were farmers 

were 6.54 times more to develop DFU (2). 

2.3.2. Clinical factors of diabetic foot ulcer  

The systematic review and meta-analysis study in China showed that patients with diabetic foot 

ulcer were having longer diabetic duration, more hypertensive than diabetic patients without a 

diabetic foot ulcer(7). According to the cross-sectional study done in Australia, peripheral 

neuropathy is significantly associated with the development of DFU(28). The cross-sectional 

study done in Arba Minch Hospital Ethiopia, states that diabetic patients with DM for greater 
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than 10 years were 8.452 times more to develop DFU(2). The cross-sectional study conducted at 

the University of Gondar Referral Hospital, Ethiopia, revealed that diabetic patients with type II 

DM were 2.58 times more to develop DFU. Overweight patients were 2.12 times more likely to 

develop DFU(15). 

2.3.3. Biological factors of diabetic foot ulcer 

The case-control study conducted in Poland states that hyperlipidemia was a factor that helps to 

protect DFUs in type II diabetic patients(29). The case-control study conducted in the United 

Arab Emirates reveals that. High density lipoprotein (HDL) was statistically significant with the 

development of DFU. 

2.4 Summary literature of review   

A study conducted in Ethiopia on incidence of DFU and its predictors is very limited. Hence this 

study assessed the incidence of DFU and its predictors. Most of the studies conducted on the 

predictors of DFU were cross-sectional and case control. But this study was a retrospective 

cohort study.    

2.5 Conceptual frame work  

This conceptual framework describes factors that are related to the development of diabetic foot 

ulcer among diabetic patients. These factors include: Socio-demographic factors (age, sex, 

occupation, marital status, residence and educational status), Clinical factors (type of DM, 

duration of DM, nephropathy, retinopathy; hypertension and body mass index) and Biological 

factors (high density lipoprotein, low density lipoprotein and triglyceride level)(30). 
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Figure 1: Conceptual frame work of a study to assess incidence of diabetic foot ulcer and its 

predictors among adult diabetic patients in Debre Berhan comprehensive specialized hospital, 

North shoa, Ethiopia, from1998-2013 EC. 
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3. OBJECTIVES 

3.1 General objective 

To assess incidence of diabetic foot ulcer and its predictors among adult diabetic patients in 

Debre Berhan Comprehensive Specialized Hospital North shoa, Ethiopia, 1998-2013 E.C 

3.2 Specific objectives 

1. To determine the incidence of diabetic foot ulcer among adult diabetic patients in Debre 

Berhan Comprehensive Specialized Hospital, North shoa. Amhara Ethiopia, 1998-2013 E.C 

2. To identify predictors of diabetic foot ulcer among adult diabetic patients in Debre Berhan 

Comprehensive Specialized Hospital, North shoa, Amhara Ethiopia, 1998-2013 E.C 
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4. METHODS AND MATERIALS 

4.1 Study design and period 

An institutional based retrospective cohort study was conducted from 1998-2013 E.C 

4.2 study area 

The study was conducted in Debre Berhan comprehensive specialized Hospital in Debre Berhan 

town. Debre Berhan is the capital city of North Shoa, one of the 13 zones of Amhara regional 

state which is located 130 Km north of Addis Ababa, Ethiopia. The town has 1 recognized 

comprehensive specialized Hospital. The Hospital was first established in 1929 by Italian army 

with only 25 beds. Then in 2002 it was developed to referral hospital and has 154 beds to serve 

around 3 million people. Today the Hospital has emerged as one of the leading tertiary care 

facilities in Ethiopia and has become a model for positive changes. This can be attributed to an 

ongoing institutional twining partnership with Elmhurst Hospital center in New York City. This 

has resulted in systemic changes. Both partner institutions worked together over the years to find 

solutions for many of the health service delivery challenges(31). Ethiopia’s ministry of health 

has recognized the Hospital as “best performing lead Hospital in 2014 and the best cluster 

Hospital in 2014. Currently the hospital has 496 health professionals. The monthly average 

patient flow in the hospital is 15580. The town has also 1 private primary hospital, 3 health 

center and 9 health posts.       

4.3 Source population  

All diabetic patients of age 18 years and above in Debre Berhan Comprehensive Specialized 

Hospital in diabetic follow up clinic 

4.4 Study population 

All newly diagnosed diabetic patients of age 18 years and above from 1998 to 2013 E.C  

4.5 study subjects 

All newly diagnosed diabetic patients of age 18 years and above from 1998 to 2013 E.C from the 

diabetic follow up clinic who were included in the sample 
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4.6 Inclusion and Exclusion criteria 

4.6.1 Inclusion criteria  

All newly diagnosed diabetic patients of age 18 years and above from 1998 to 2013 E.C and had 

followed up for treatment  

4.6.2 Exclusion criteria. 

1. Patients diagnosed with diabetes and Foot ulcer at the same time  

2. Patients whose date of developing DFU was not known   

4.7 Sample size determination 

The sample size for this study was calculated using from Open-Epi info software package by 

considering the desired confidence level= 95%, Power (chance of detecting) = 80%, Ratio of 

unexposed to exposed as 1 and percentage of outcome among unexposed and exposed to high 

diastolic blood pressure as 9.67% and 21.7% respectively from the study conducted on Arba 

Minch Hospital(2).  

Table 1 Epi-info sample size calculation by factor, of a study to assess incidence of diabetic 

foot ulcer and its predictors among adult diabetic patients in Debre Berhan comprehensive 

specialized hospital, North shoa, Ethiopia, from1998-2013 EC. 

 

Factors  % of outcome 

among exposed 

% of outcome 

among unexposed 

                 

Reference 

Calculated 

sample size 

Comorbidit

y 

      24.34% 4% A study conducted 

in(2) 

 110 

occupation 29.16% 4.4% A study conducted 

in(2) 

86 

Diastolic BP 21.7% 9.67 A study conducted 

in(2) 

318 
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The calculated sample size was 318 By adding 10% data incompleteness rate the final sample 

size for this study was 350. 

4.8 Sampling technique and procedure 

Patients newly diagnosed with type 1 or type 2 DM who had followed up in Debre Berhan 

comprehensive specialized hospital were considered in this study and were followed 

retrospectively. Systematic random sampling technique was used. The total patients during the 

recruitment time were 1050. The sampling interval or constant number K was three. It was 

obtained by dividing the total number of patients with diabetes mellitus that were receiving care 

during recruitment time (N) to the calculated sample size (n). Therefore, K was calculated by the 

formula, K=N/n= 1050/350=3. The first sample was selected using lottery method as a starting 

point, and it was the second patient. Then every third patient was selected until the 

predetermined sample size was obtained (in the fashion;-2
nd

, 5
th

, 8
th

 
 
...….). 

4.9 data extraction tool and procedure 

Data extraction tool was developed based on WHO standard tool and by reviewing and 

modifying different literatures. Data extraction check list comprised of four components. The 

first component was Socio-demographic characteristics of patients which had 6 items age, sex, 

marital status, residence, educational status and occupation. The second component was about 

Clinical predictors which comprised of 7 items like type of DM, duration of DM, hypertension, 

neuropathy, nephropathy, retinopathy and BMI. The third component was about biological 

predictors (laboratory results) of the patients which comprised of 4 items like triglyceride, FBS, 

LDL, and HDL. The fourth component was about the time to outcome variables which had 3 

items. For all the above four components, data was extracted from the patients follow up charts 

and their register. 

Data was extracted from the patients follow up charts by two BSc nurses who were supervised 

by trained supervisor. Patients who were diagnosed with diabetes and foot ulcer at time of 

diagnosis and patients whose time of developing DFU was not known were excluded from the 

study. 
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4.10 Study variables 

4.10.1 Outcome variable 

The outcome variables of this study were incidence (event), lost to follow up, death, and still on 

follow up with no event. All these outcome variables were from the patients follow up chart and 

their register. The outcome variable, DFU was based on the clinical decision of physicians. 

Patients who were lost from the follow-up, died before the end of the study period and did not 

experience DFU at the end of the study were considered to be censored. Therefore, the final 

outcome variables for this study (think of the nature of survival data) were categorized as   

 Event (DFU) and 

 Censored    

4.10.2 Predictor variables 

The independent variables (predictors) were categorized in to three parts as follows. The 

comorbid predictors like retinopathy, nephropathy, neuropathy and type of DM were based on 

the physician’s decision.    

Socio demographic predictors 

 Age 

 Sex 

 Residence 

 Occupation  

 Marital status 

 Educational status 

Clinical predictors 

 Hypertension  

 BMI 

 Type of DM 

 Duration of DM 

 Retinopathy 

 Neuropathy 
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 nephropathy 

Biologic components  

 HDL 

 LDL 

 FBS 

 Triglyceride   

4.11 Operational definitions 

Diabetic foot ulcers: non-traumatic lesions of the skin on the foot of a person who has diabetes 

mellitus and will be considered when confirmed by a health professional (2)   

Hypertension: Systolic and diastolic blood pressure of the individual greater or equal to 140 and    

90 mmHg respectively(32). 

High blood glucose levels: fasting plasma glucose levels 126 mg/dl or more, or random plasma 

glucose or 2-hour post load glucose levels more than 200 mg/dl(33). 

Triglyceride is normal if its value is <150mg/dl and abnormal if its value is >=150mg/dl. LDL 

is normal if its value is <1oomg/dl and abnormal if>=100mg/dl. HDL is normal if its value is 

>40mg/dl and abnormal if <=40mg/dl(34).  

Body Mass Index (BMI): weight-for-height used to classify underweight, overweight and 

obesity in adults. It is defined as the weight in kilograms divided by the square of the height in 

meters (kg/m2). BMI < 18.5 kg/m2 = underweight, BMI 18.5–24.9 kg/m2 = normal range, BMI 

25 – 29.9 kg/m2 = overweight and BMI >= 30 kg/m2 = obese(35).  

4.12 Data analysis procedures  

Data was entered to computer package through Epi-data then exported to SPSS analysis software 

for cleaning, coding, categorizing, merging and to check for completeness, consistency and 

outliers. The percentage and frequency of the patients in reference to all covariates were 

summarized by descriptive statistics. 

The survival experience of the patients was assessed using Kaplan-Meier survivor function. The 

independent effect of predictors on the occurrences of diabetic foot ulcer was identified by Cox 
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proportional hazard model. The potential candidate predictors to the full model were selected by 

bi-variable Cox proportional hazard regression with cut-off point P ≤ 0.25 

All variables with P-value <= 0.25 were included in the multivariable analysis. The magnitude of 

the association was measured by using hazard ratio with 95% confidence interval. Statistical 

significance was declared at P-value <= 0.05. Finally, the data was presented with texts, tables 

and figures.  

4.13 Data quality assurance  

Two BSc nurses extracted the data. One BSc nurse supervised the overall data extraction 

process. The data extractor and supervisor received one day training about the data extraction 

techniques Data extractors assured that whether or not a control has been done to biomedical 

instruments and whether or not medical apparatus were calibrated. They also assessed that the 

results were not a one off measurement but repeated even by another health worker. The data 

extraction tools were pre-tested on 5% of the calculated sample size two weeks before actual 

data collection. Ambiguous words and concepts for data extractors were corrected accordingly. 

Throughout the course of the data extraction, fifteen percent of the extracted data was checked 

by the supervisor daily for completeness. The extracted data was reviewed and checked for 

completeness before data entry.      

4.14 Ethical consideration 

Ethical clearance was obtained from Debre Berhan University Asrat Woldeyes Health Sciences 

Campus School of public health Ethical Review Committee. The ethical letter was given to 

Debre Berhan Comprehensive specialized Hospital managers to get permission for data 

extraction. Then we got a permission letter from Debre Berhan comprehensive specialized 

Hospital. Data extractors and concerned official bodies in the hospital were informed about the 

purpose of the study. Consent was obtained from the concerned body to review the chart and 

other necessary formats of the patients. Information obtained from the charts was not disclosed 

to everyone. Name and other personal information of the patients were kept secret. Data was 

handled confidentially during all phases of research processes.  
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4.15 Dissemination plan 

The result of the study was submitted and presented to Debre Berhan University Asrat Woldeyes 

health science campus school of public health. A copy of the finding was disseminated to Debre 

Berhan comprehensive specialized Hospital, Furthermore if possible; it was planned to present at 

different workshops, seminars, research symposiums organized at local, national and 

international level. Finally there was a plan to publish on internationally reputable journal to 

access for every concerned body 
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5 Results 

5.1 Socio-demographic characteristics of the patients 

The data completeness rate for this study was 91.7%. From the total 321 study patients, 

171(53.3%) were male. The median age of the patients was 55years (IQR=51). Among 321 

patients, 182(57%) patients were urban dwellers. All socio-demographic characteristics of the 

study patients can be displayed through the following table. 

Table 2 socio-demographic characteristics of patients with DM at Diabetic follow up clinic in 

Debre Berhan comprehensive specialized hospital, North shoa, Ethiopia, from1998-2013 EC. 

Variables Category Frequency  Percentage 

Sex Male 171 53.3% 

Female 150 46.7% 

Age 28-37 15 4.7% 

38-47 68 21.2% 

48-57 103 32.1% 

58-67 84 26.2% 

>_68 51 15.9% 

Marital status Single 15 4.7% 

Married 276 86.0% 

Separated  28 8.7% 

Widowed 2 0.6% 

Occupation Private worker 35 10.9% 

Government worker 156 48.6% 

Farmer  113 35.2% 

House wife  11 3.4% 

Daily laborer  6 1.9% 

Educational status No education  27 8.4% 

Primary education 149 46.45% 

Secondary and above 145 45.25% 
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Residence Urban 182 57%% 

Rural 138 43% 

 

 

5.2 Base line clinical factors  

In this study the median BMI of the patients was 23.7Kg/m
2
. Among 321 patients, 272(84.7%) 

of the patients had type 2 DM. From the total 321 patients, 44 (13.7%) had neuropathy. Among 

the total study patients 198(61.7%) of the patients were in a normal range of body mass index. 

Table 3 displayed all the baseline clinical predictors of the patients.    

Table 3: Base line clinical factors of DFU among patients with DM at Diabetic follow up clinic 

in Debre Berhan comprehensive specialized hospital North shoa, Ethiopia, from1998-2013 EC 

Variables  Category Frequency Percentage 

Type of DM Type 1 49 15.3% 

Type 2 272 84.7% 

Neuropathy Yes 44 13.7% 

No  277 86.3% 

Nephropathy Yes  4 1.2% 

No  317 98.8% 

Hypertension Yes 222 69.2% 

No 99 30.8 

Retinopathy Yes  41 12.8% 

No  280 87.2% 

BMI Under weight 8 2.5% 

Normal 198 61.7% 

Over weight 86 26.8% 

Obese 29 9% 
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5.3 base line biological factors  

From the total patients of 321, 39 (12.1%) had LDL level ≥100mg/dl. Regarding triglyceride, 

290 (90.3%) had triglyceride level of <150mg/dl. The following table shows the baseline 

biological predictors of the study patients.  

 

Table 4: Base line biological factors of DFU among patients with DM at Diabetic follow up 

clinic in Debre Berhan comprehensive specialized hospital North shoa, Ethiopia, from1998-2013 

EC 

Variable Category Frequency Percentage 

LDL  Normal (<100mg/dl) 282 87.9% 

Abnormal (>_100mg/dl) 39 12.2% 

HDL Normal (>40mg/dl) 283 88.2% 

Abnormal (<_40mg/dl) 38 11.8% 

Triglyceride level Normal <150mg/dl) 290 90.3% 

Abnormal (>_150mg/dl) 31 9.7% 

 

5.4 Incidence of diabetic foot ulcer 

The incidence rate of diabetic foot ulcer was 1.01 per 100 person years (95%: CI, 

.73954_1.39679). Throughout the follow up period, from 321 study patients a total of 38 (11.8%) 

who were free from DFU at the beginning of the follow up period developed DFU during the 

follow up period. Study patients were followed for a minimum of 24 months and a maximum of 

180 months. The median survival time of the study patients was 179 months (95%: CI, 

176.805_182.195). 



19 
 

 

Figure 2 KM curve for outcome variable. 

Table 5: life table with respect to time interval 

Interval Beg. 

Total 

Deaths Lost Survival Std. 

Error 

[95% Conf. Int.] 

24-36 321 1 0 0.9969 0.0031 0.9781 0.9996 

36-48 320 0 1 0.9969 0.0031 0.9781 0.9996 

48-60 319 1 0 0.9938 0.0044 0.9753 0.9984 

60-72 318 1 1 0.9906 0.0054 0.9712 0.9970 

72-84 316 3 0 0.9812 0.0076 0.9587 0.9915 

84-96 313 2 1 0.9749 0.0087 0.9505 0.9874 

96 – 108 310 2 6 0.9686 0.0098 0.9424 0.9830 

108-120 302 4 11 0.9555 0.0116 0.9260 0.9734 

120-132 287 5 76 0.9363 0.0142 0.9018 0.9590 

132-144 206 6 62 0.9042 0.0188 0.8599 0.9351 

144-156 138 3 60 0.8791 0.0232 0.8249 0.9174 

156-168 75 7 51 0.7548 0.0479 0.6455 0.8346 
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168-180 17 3 12 0.5489 0.1072 0.3214 0.7284 

180-192 2 0 2 0.5489 0.1072 0.3214 0.7284 

 

5.5 predictors of DFU 

The proportional hazards assumption was checked with KM curve and Schoenfeld residual. 

None of the variables and global test for schoenfeld test was significant. 

 

Figure 3 sample KM curve for significant variable 
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Model fitness  

Cox Snell residual plot  

 

 

 

Figure 4 cox- Snell residual plot 

The cumulative hazard versus cox-Snell residual plot shows a good model, the residuals with 

curved line follows the 45 degree line of the cumulative Hazard (street line) 
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Table 6: bi-variable cox regression analysis for predictors of DFU among patients with DM at 

Diabetic follow up clinic in Debre Berhan comprehensive specialized hospital North shoa, 

Ethiopia, from1998-2013 EC 

 

Predictors 

Status CHR (95% CI) P-Value 

Event Censored 

Sex 

Male 

Female 

 

27 

11 

 

144 

139 

 

2.181(1.077-4.419) 

1 

 

0.030 

Type of DM 

Type 1 

Type 2 

 

2 

36 

 

47 

236 

 

1 

2.432(0.582-10.167) 

 

 

0.223 

Residence  

Urban 

Rural  

 

10 

28 

 

173 

110 

 

1 

4.247(2.058-8761) 

 

 

0.000 

Hypertension  

     Yes 

      No 

 

26 

12 

 

79 

204 

 

4.501(2.259-8.968)) 

1 

 

0.000 

Body mass index  

Normal 

Overweight 

Obese 

 

11 

14 

13 

 

193 

73 

17 

 

1 

1.763(1.112-3.241) 

2.316(2.153-3.558) 

 

 

0.038 

0.03 

Age 

<50 

50-59 

 

60-69 

 

>70 

 

5 

8 

 

20 

 

5 

 

115 

92 

 

73 

 

3 

 

1 

1.713(0.559-5.252) 

 

4.035(1.500-10.852 

 

16.291(4.670-56.829) 

 

 

0.073 

 

0.022 

 

0.000 

Neuropathy     
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Yes 

No  

18 

20 

26 

257 

4.583(2.367-8.875) 

1 

0.02 

HDL level  

Normal 

Abnormal 

 

19 

19 

 

264 

19 

 

1 

7.230(3.766-13.878) 

 

 

0.000 

 

From the bi-variable cox regression analysis, variables with a p-value of ≤0.25 were selected to 

be entered to multi-variable cox regression analysis. These variables include, sex, age category, 

high density lipoprotein, Body mass index, neuropathy, residence, hypertension and type of DM. 

After running the multivariable cox regression analysis, age, residence, hypertension, 

neuropathy, body mass index and high density lipoprotein were remain in the model. But sex and 

category of DM were removed in variable selection process using backward likelihood ratio test. 

The unadjusted (crude) hazard ratios (from bi-variable cox regression analysis) and the 

corresponding adjusted hazard ratios (from multivariable cox regression analysis) were presented 

with their respective 95% confidence interval in Table 6.    

  

Table 7 bi-variable and multivariable cox regression Analysis for Predictors of DFU among 

patients with DM at Diabetic follow up clinic in Debre Berhan comprehensive specialized 

hospital North shoa, Ethiopia, from1998-2013 EC 

 

 

Predictors 

 Status  CHR (95% CI) P-Value AHR (95% CI) 

Event Censored 

Residence  

Urban 

Rural  

 

10 

28 

 

173 

110 

 

1 

4.247(2.058-8761) 

 

 

0.000 

 

 

2.731(1.268-

5.883) 

Hypertension  

     Yes 

 

26 

 

79 

 

4.501(2.259-8.968)) 

 

0.000 

 

5.609(2.493-
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      No 12 204 1 12.897) 

Body mass index  

Normal 

Overweight 

Obese3.592 

 

11 

14 

13 

 

193 

73 

17 

 

1 

1.763(1.112-3.241) 

2.316(2.153-3.558) 

 

 

 

0.038 

0.03 

 

 

2.127(1.15-3.10) 

2.936(1.107-

7.788) 

Age 

<50 

50-59 

 

60-69 

 

>70 

 

5 

8 

 

20 

 

5 

 

115 

92 

 

73 

 

3 

 

1 

1.713(0.559-5.252) 

 

4.035(1.500-10.852 

 

16.291(4.670-56.829) 

 

 

0.073 

 

0.022 

 

0.000 

 

 

3.013(0.902-

10.066) 

3.592(1.203-

10.724) 

15,025(3.578-

63.038). 

Neuropathy 

Yes 

No  

 

18 

20 

 

26 

257 

 

4.583(2.367-8.875) 

1 

 

0.02 

 

2.943(1.468-

5.901) 

 

HDL level  

Normal 

Abnormal 

 

19 

19 

 

264 

19 

. 

1 

7.230(3.766-13.878) 

 

 

0.000 

 

 

3.713(1.809-

7.620) 

 

 

As shown in the above table, in this study patients with abnormal high density lipoprotein 

(HDL<_40mg/dl) were 3.778 times more at risk to develop DFU (AHR, 3.713, 95%, CI: 1.809-

7.620) as compared with patients with normal HDL level. Having neuropathy increased the 

hazard of DFU by 3.411 times as compared to those who had no neuropathy at baseline 

(AHR=4.583, 95% CI: 2.367-8.875). Those who were obese, hypertensive and rural dwellers at 
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baseline were 2.936 times (AHR= 2.936: 95% CI: 1.107-7.788), 5.609 times (AHR=5.609, 95% 

CI: 2.493-12.897) and 2.731 times (AHR=2.731, 95% CI: 1.268-5.883) more likely to develop 

DFU as compared to normal body weight, non hypertensive patient and urban dwellers 

respectively. Patients who were at the age group of >=70 years were 15.025 times more at risk to 

develop DFU as compared with patients of age <50years(AHR=15,025: 95% CI: 3.578-63.038).   

. 
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6 Discussions   

The study was aimed to investigate the incidence and predictor of DFU among adult DM patients 

at Diabetic follow up clinic in Debre Berhan comprehensive specialized hospital. This study 

revealed that, 11.8% (95%, CI 8.4-15.6) of the study patients developed DFU during the follow 

up period. This finding was higher than the study conducted in Golestan Hospital, south west of 

Iran(36).This difference might be because of the length of follow up period.  For the study in 

Iran it was two years. Because as the length of follow up period increases the risk of developing 

DFU will also increase. It can also be justified as because the compared study was population 

based. It might also be due to inadequate trained personnel, lack of preventive and curative 

supplies in our setting. Poor self-care practice and poor health seeking behavior and lack of 

provision of health education in our study patients might also be the reason for that higher 

incidence of DFU in this study as compared to the result in Iran. The result for this study was 

lower than the study conducted in Felege Hiwot Hospital; Bahir Dar(26). The difference might 

be due to the denominator population which was higher in Felege Hiwot Hospital.  

Diabetic patients living in rural areas were 2.731 times more likely to develop diabetic foot 

ulcers than diabetic patients from urban areas (AHR= 2.731, 95% CI: 1.268-5.883). This finding 

was comparable with the study conducted in Gondar, Arba Minch and Mekele (2, 15). Rural 

residents spent most of their time in farming areas which exposed them to injury which 

aggravate foot ulcer and retards wound healing (37) It can also be justified as rural residents may 

have poor self-care practice and poor health seeking behavior.  Being bare footed while working 

at outdoors can also be another possible explanation(37).   

The hazard of DFU was increased for older age group patients. From this study higher age group 

patients were 15.025 times more likely to develop the event as compared to the lower age group 

patients( AHR=15,025:95% CI: 3.578-63.038). this finding was comparable with the study 

conducted in Malaysia, which stated that higher age group patients were five times more at risk 

of DFU (38). This may be because of as age increases, rate of wound healing will decrease as 

immunity will decrease for aged patients. It might also be due to decrement of foot self-care 

practice as age increases.  

The hazard of DFU in this study was increased for patients with increasing body mass index as 

compared to patients with normal body weight. This finding was in line with the study conducted 
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in Felege Hiwot hospital, Bahirdar and the study conducted in Ethiopia (8, 26). This finding 

could be because of increasing body mass index causes atherosclerosis which hinds blood supply 

to lower extremities. This insufficient blood supply lowers wound healing and causes the foot to 

be at risk of secondary bacterial infections or it causes ischemic ulceration to the foot. It can also 

be explained as the increasing pressure from obese and overweight patients exerted on lower 

extremities causes the foot to have ulcer(39).  

Having neuropathy was also one of the variables which had a strong association with the 

incidence of DFU. Patients with neuropathy were 2.943 times more likely to develop DFU as 

compared to diabetic patients with no neuropathy (AHR =2.943: 95%; CI: 1.468-5.901). This 

was consistent with studies conducted in Gondar, Australia and Jordan (15, 40, 41). Diabetes 

mellitus causes micro-vascular complications including neuropathy. This is the damage of the 

nerve endings of the lower extremities which in-turn causes loss of sensation to the affected part 

of the body(42). This loss of protective pain sensation may result in injury without being aware 

of the injury to that area which increases the risk of foot ulcer. However this finding was 

inconsistent with a cross-sectional study conducted in Arba Minch Hospital which stated that 

having neuropathy was not significantly associated with the development of DFU(2). This 

difference might be due to the difference in length of stay with DM and the type of study design.  

In this study the hazard of developing DFU was 5.609 times more likely to occur in hypertensive 

DM patient than those DM patients with no hypertension (AHR=5.609: 95% CI; 2.493-12.897). 

This was consistent with a systematic and meta-analysis study conducted in China(7). This might 

be because of hypertension causes congested heart disease and then this leads to body swelling 

which results in fluid retention in the lower extremity. This prolonged retention of fluid in the 

lower extremities damages the tissues in that area finally it may lead to ulcer or reduces wound 

healing(43). It can also be justified as hypertensive then edematous patient is supposed to be 

heavier than the non hypertensive and non edematous patient. This heaviness causes a strong 

pressure to the lower extremities(43). 

From this study it was estimated that the hazard of acquiring DFU was 3.713 among DM with 

abnormal high density lipoprotein (HDL<_40mg/dl) as compared to DM patient that had normal 

high density lipoprotein (HDL>40mg/dl) (AHR=3.713: 95%: CI 1.809-7.620). This was 

comparable with the case control study conducted in Poland the case control study conducted in 
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the United Arab Emirates and the study conducted in china (29, 44). High density lipoprotein has 

a protective effect against the development of atherosclerosis. However decreased high density 

lipoprotein level is related with increased risk of DM and DFU as well. Lower level of HDL 

(abnormal level) may cause atherosclerosis and this reduces blood supply to the lower 

extremities, finally this may result in foot ulcer, as the skin is going to be dried and antibodies 

through the blood are restricted to that area.(45)  

7 Strength and limitations of the study 

7.1 Strength of the study 

Since the study was a retrospective cohort study, it provided a temporal relationship between the 

outcome variable and the independent variables. It provided important issues for both the health 

worker and the patients as well about the predictors that had strong association with the 

development of diabetic foot ulcer so as to act on them for a better prevention of diabetic foot 

ulcer and its complications including financial, physical and emotional injuries.  

7.2 Limitation of the study 

The study could not assess behavioral factors which has important effect on the development of 

DFU. These variables include foot self-care practice, physical activity, smoking habits and the 

habit of alcohol consumption. The study used base line clinical and biological variables which 

are time dependent and may change overtime. Since the study used secondary data, it was 

difficult to obtain all the information we need.  

8 Conclusion and recommendation  

8.1 Conclusion  

The incidence of Diabetic foot ulcer during the follow up period was relatively low. Being obese, 

hypertensive, older age, a rural resident, having abnormal high density lipoprotein and having 

neuropathy increased the risk of diabetic foot ulcer. Therefore, close monitoring (special 

attention) of patients with comorbidities, higher age groups, rural residents, abnormal lipid 

profiles and high body mass index should be considered to reduce DFU and its complications. 
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8.2 Recommendation  

Diabetic patients with comorbidities, abnormal high density lipoprotein and high body mass 

index needs a strict follow. Every diabetic patient should be screened for such conditions early 

and action has to be taken accordingly. The behavioral predictors of diabetic foot ulcer for 

Diabetic patients should be studied in other research methods. The health worker has to do more 

on prevention of foot ulcer by providing health education to the patients. The federal ministry of 

health must have a great consideration on non-communicable disease particularly diabetes 

mellitus and its complications. Generally, recommendation can be forwarded as follows. 

To physicians  

 It is better to have special attention to patients with comorbidities, increased BMI, 

increased age groups, abnormal lipid profile and those who were rural residents  

 It is better if the physician screen every patient for DM and its complications including 

DFU. 

 It is better if health workers screen DM patients for significant predictors of DFU like co-

morbidities, BMI, higher age groups etc. so as to act accordingly.  

 It is better if the health workers perform early detection and treatment of DM so that they 

prevent DFU and amputation as well. 

To the Hospital 

 It is better if the Hospital avails trained personnel, preventive and curative supplies.  

To the patient 

 Recognize the factors that facilitate DFU and refrain themselves from those factors so as 

to prevent DFU 

 It is better if they know the severity of DFU  

 Develop health seeking behavior in the absence of symptoms of disease 

To the researchers 

 Further research has to be conducted by including behavioral factors of DFU, like 

smoking, alcohol consumption, physical activity etc. 

To the ministry of health and other Non-governmental organizations  
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 DM and its complications have to be included in the health policy. 

 Recognize DFU as a public health importance. 

 Increase efforts on risk reduction and prevention of DFU. 
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10. Annexes   

Annex 1 Information sheet  

 Study objectives 

 To assess incidence of DFU 

 To assess predictors of DFU 

 Methods    

 Institutional based retrospective cohort study was conducted. 

 Systematic random sampling was used to select samples. 

 There were 350 total sample size and 321 were included in the study. 

 Data extraction tool was used. 

  Cox proportional hazard model was used for analysis.  

Annex 11 Data extraction check list  

Code: __________  

Part I: Socio-demographic characteristics of the patient  

1. sex      

1.  male   

2. female  

2. Age-------years 

3. Marital status         

1. single  

2. married 

3. separated 

4. widowed  

4.  Occupation  

1 Private  worker 

2 Governmental employee  

3 Farmer  

4 Housewife  

5 Daily labor  

5. Area of residence  
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1 urban 

2 rural  

6. Educational status of the patient 

1) No education 

2) Primary education  

3) Secondary and above  

Part II: clinical factors-from the register 

1. Category of DM   

1. Type 1 

2. Type 2 

2. Duration of diabetes mellitus----------years 

3. Has a patient neuropathy? 

1) Yes  

2) No  

4. Has a patient nephropathy? 

1) Yes  

2) No  

5. Has a patient retinopathy? 

1) Yes  

2) No  

6. Has a patient hypertension?   

1) Yes  

2) No  

7. Body mass index in Kg/m2 at the time of diagnosis---------kg/m2 

Part III: Biologic factors of the respondents (laboratory results) at the time of diagnosis 

1. HDL-------  mg/dl 

2. LDL-------  mg/dl 

3. FBS--------  mg/dl 
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4. Triglyceride -----      mg/dl 

Part IV: time to development of DFU- from register 

1. When the patient was diagnosed and started treatment for DM??----------/----------/--------

Date/month/yr. 

2. What is the outcome of the patient? 

1. lost to follow up 

2. Died  

3. still on follow up  

4. Event (DFU) 

3. When the patient developed the respective outcome?----------/---------/---------date/month/yr 

4. Time the outcome occurred in months-------------------. 

5.  What is the main outcome of the patient? 

1. Event (DFU) 

2. Censored  
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