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Aim: The incidence of a diabetic foot ulcer (DFU) is increasing over the previous decade 
with an increasing prevalence of diabetes mellitus (DM). Despite the increasing incidence of 
DFU, there is limited information about the problem in Ethiopia. Hence, this study aimed to 
investigate the incidence of DFU and its predictors among newly diagnosed DM patients 
who were on follow-up at Felege Hiwot Referral Hospital.
Methods: Institution-based retrospective follow-up study was conducted at Felege Hiwot 
Referral Hospital among newly diagnosed DM patients from January 1, 2009, to 
December 31, 2018. A simple random sampling method was used to select 401 study 
participants from a total of 723 eligible population. Data was entered using Epi-Data version 
3.1 and exported to STATA version 14 for analysis. The incidence rate was estimated using 
person-years of observation and Nelson–Aalen cumulative hazard function, showing the 
cumulative probability of diabetic foot ulcer, was done. The best model (Gompertz) was 
selected using the AIC and log-likelihood method. Hazard ratio (HR) with its 95% con
fidence interval was computed and variables having a p-value less than 0.05 in the multi
variable model were considered to be significantly associated with DFU.
Results: A total of 387 patients were followed retrospectively for a median follow-up time 
of 95 months. Out of all, 66 (17.05%) patients developed DFU with an incidence rate of 4 
cases per 100 person-years of observation. Diabetic nephropathy (adjusted hazard ratio 
(AHR) = 2.37, 95% CI: 1.33–54.24), diabetic retinopathy (AHR = 5.56, 95% CI: 2.64–
11.74), and increased body mass index (AHR = 1.13, 95% CI: 1.01–1.27) were found to 
increase the hazard of DFU.
Conclusion: The incidence of DFU was relatively high. Diabetic nephropathy, diabetic 
retinopathy, and body mass index were its significant predictors. Therefore, close monitoring 
of patients with co-morbidities and increased body mass index should be considered to 
reduce DFU.
Keywords: incidence, diabetic foot ulcer, Ethiopia

Introduction
Diabetes mellitus (DM) is a combination of different metabolic disorders charac
terized by the presence of hyperglycemia due to impairment of insulin secretion, 
defective insulin action or both.1,2 Diabetes is a major public health problem that is 
approaching epidemic proportions globally and is one of the largest global health 
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emergencies of the 21st century.3 The prevalence of both 
type 1 and type 2 diabetes is increasing and in 2019, 
463 million adults were living with diabetes. In Africa, 
by 2019, around 19 million adult populations were esti
mated to have diabetes and it is expected that by 2045 it 
will be around 47 million (showing an alarming increase 
by 143%). Similarly, in Ethiopia, an estimated 1,699,400 
adults were living with DM.4

Diabetes mellitus is characterized by multiple long- 
term complications that affect almost every system in the 
body.5 It is associated with increased rates of several 
microvascular complications such as nephropathy, retino
pathy, and neuropathy, and macrovascular complications 
such as atherosclerosis and stroke.4–7

Diabetic foot ulcer (DFU), which often results in lower 
extremity amputations, is one of the most common com
plications of DM.8 Exactly where DFU fits into microvas
cular or macrovascular is not always clear and these 
diabetic individuals mostly have neuropathy and/or per
ipheral arterial disease. This might imply that it is both 
a macro and microvascular illness.9 However, none of the 
above complications are more devastating than those 
involving the foot and the incidence of diabetic foot com
plications are increasing often due to negligence by both 
patients and physicians.10–13

Diabetic foot ulcer has significant health and socio
economic problems holding adverse effects on the quality 
of life of the patients and imposing a heavy economic 
burden on the patient and their family.14 Diabetic foot 
problems account for more hospital admission than any 
other long term complications of diabetes and are respon
sible for nearly 50% of all-diabetes-related hospital bed 
days.15 The lifetime risk of a patient with diabetes devel
oping a DFU is 25%, and up to 85% of all lower-limb 
amputations in diabetes are preceded by foot ulcers.13,16 

Diabetic foot ulcer affects not only the quality of life and 
physiological welfare but also premortal events and fol
lowing major leg amputations due to the ulcer, mortality 
ranges from 24.6% within 5 years and 45.4% within 10 
years.17–21 It is also estimated that 24.4% of the total 
health care expenditure among the diabetic population is 
related to foot complications.22

The pooled worldwide prevalence of DFU in people 
diagnosed with diabetes mellitus is 6.3%, of which most 
(13%) is in North America, 7.2% in Africa and the lowest 
(3%) in Europe.23 In different sub-Saharan African coun
tries, the prevalence of DFU ranges from 3.4% to 
18.1%24–27 and studies conducted in different parts of 

Ethiopia showed that the prevalence of DFU ranges from 
12 to 17.86%.28–31

Studies indicated that DFU is affected by socio- 
demographic factors, clinical factors, and comorbidities. 
Among socio-demographic factors male sex,32,33 being in 
the older age group,34–36 and rural residency28,31 are 
related to a higher risk of DFU. Of clinically related 
factors, duration of DM,28,37 increased body mass index 
(BMI),31,37 increased hemoglobin A1c (HgbA1c),33,38 

higher low-density lipoprotein (LDL), higher triglyceride 
level, and lower high-density lipoprotein (HDL) level39–42 

are associated with increased risk for vascular complica
tion including DFU. Comorbidities like retinopathy,23,43 

nephropathy,23,37,41,44 and neuropathy31,45–48 are also asso
ciated with an increased risk of having DFU.

The development of DFU and amputation is preventa
ble if recognized early through adequate glycemic control, 
modification of risk factors and educating the patient about 
self-care practice. In Ethiopia, there is a scarcity of infor
mation about the incidence of DFU and its predictors and 
up to our knowledge this study is the first retrospective 
follow-up study in Ethiopia. Therefore, this study esti
mated the incidence of DFU and its predictors in 
Bahirdar Felege Hiwot Referral Hospital. This study 
could provide information for health care workers, policy
makers and other governmental and non-governmental 
organizations to increase efforts on prevention and risk 
reduction on DFU and prevent amputation and other com
plications of DFU.

Methods
Study Design and Setting
Institution-based retrospective follow-up study was con
ducted among diabetic patients in Felege Hiwot Referral 
Hospital, from January 1, 2009, to December 31, 2018. 
Felege Hiwot Referral Hospital is found in Bahir Dar, 
which is the capital city of Amhara regional state located 
at 565 km from Addis Ababa, Northwest Ethiopia. It is 
a tertiary and referral hospital with 400 beds capacity and 
around 15 adult outpatient departments (OPD) serving 
over 7 million people from the surrounding area. The 
OPD serves around 900 patients per day. The hospital 
provides obstetric, pediatric, internal medicine, ophthal
mology, gynecologic, otorhinolaryngology (ENT) and 
orthopedic surgery services. Around 21,218 people had 
a chronic follow-up in this hospital and among these 
6567 were DM patients. For this study, a total of 723 
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DM patients were eligible for our study (the remaining 
patients were transferred out to other facilities for follow- 
up after their diagnosis).

Population, Sample Size Determination, 
and Sampling Procedure
All DM patients who were newly diagnosed from 
January 1, 2009, to December 31, 2018, and had follow- 
up at Felege Hiwot Referral Hospital were included in the 
study. However, patients who had DFU at diagnosis, as 
well as patients whose date of treatment initiation and/or 
date of development of the outcome was not recorded, 
were excluded from the study.

The sample size for the first objective was determined 
using the log-rank method by taking the incidence of DFU 
to be 5.3% from the study conducted in Iran49 and it was 
found to be 306. Moreover, the sample size for the second 
objective was determined using the Schoenfeld formula50 

by using the estimates of the study from Ghana37 and the 
final sample size was found to be 401 after adding 10% 
non-response rate. After identifying patients who fulfill the 
inclusion criteria, the sampling frame was prepared by 
collecting the medical registration numbers of DM patients 
from the registration book. Then the study participants 
were selected by using a computer-generated simple ran
dom sampling technique from 723 eligible DM patients.

Variables of the Study
The outcome variable/event of this study was DFU, found 
documented in the patient’s follow-up card. The outcome 
variable (DFU) was diagnosed by the clinical decision of 
the physician and it was defined by almost all of the 
physicians as non-traumatic lesions of the skin (partial or 
full thickness) on the foot of a person who has diabetes 
mellitus. Physicians in our setup used the definition/clas
sification of DFU developed by the International Working 
Group on the Diabetic Foot (IWGDF) and they classified 
the DFU according to Wagner’s classification.51,52 

Participants who were lost from the follow-up, died before 
the end of the study period and did not experience DFU by 
the end of the study were considered as censored. The 
independent variables were classified into three subsec
tions as; baseline sociodemographic variables (age, sex, 
residence, religion, and educational status, and occupa
tion), baseline clinical variables (duration of DM, HDL 
level, LDL level, triglyceride level, BMI, HgbA1c, and 
type of DM), and co-morbidities at baseline (diabetic 

neuropathy, diabetic nephropathy, and diabetic retinopa
thy). The normal levels of LDL, HDL, and triglyceride 
were defined as < 100 mg/dl, >40 mg/dl, and <150 mg/dl, 
respectively.53 In addition, the co-morbidities were defined 
based on the assessment of the physician.

Baseline and Follow-Up Data Collection
Baseline independent variables were selected using differ
ent literatures and patients without DFU initially were 
followed until the development of DFU or until censored 
(death, lost to follow-up or the end of the study period). To 
diagnose the baseline independent variables, we just used 
information recorded by physicians and to diagnose 
whether a patient had DFU or not we also used recorded 
information. Regarding the frequency of follow-up visits, 
every patient with DM had a follow-up every month.

During the first follow-up visit, in the clinical setup 
where we collected the data (in Felege Hiwot Referral 
Hospital), every diabetic patient is evaluated for baseline 
characteristics such as lipid profiles, organ function tests, 
and assessment of any of the complications/comorbidities 
related to DM, like DFU. In addition, sociodemographic 
characteristics of patients such as sex, age, BMI, place of 
residence, occupation, educational status, and others were 
collected/recorded at the start or during the first follow-up 
visit. The clinical characteristics such as different diagnos
tic investigations (organ function tests, lipid profiles, 
HgbA1c) and screening of co-morbidities and complica
tions such as DFU continue in the follow-up visit of each 
patient every month. At each follow-up visit, routine 
screening and evaluation of neuropathic and vascular 
involvement of the lower extremities and careful feet 
inspection were performed and DFU was diagnosed on 
the basis of clinical signs and symptoms such as the 
presence of drainage on the socks of the person, redness 
and swelling in the leg, odor, fever, and other signs and 
symptoms of inflammation if the ulcer had progressed 
significantly and become superinfected.

Data Quality Management
Before collecting our data, the data extraction checklist 
was prepared in English and pre-tested to gather relevant 
data from the medical records. Health workers who work 
at chronic OPD (two BSC nurses and one health officer) 
were assigned as data collectors and a medical doctor was 
assigned as a supervisor. Then data on important variables 
were collected as per the data extraction sheet by review
ing the chart of the patient. In addition, we used the 
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electronic database during difficulty while reviewing the 
chart. The quality of data was ensured through the training 
of the data collectors and the supervisor. Close supervision 
was also done during the data collection and data were 
checked for completeness and consistency by the super
visor and principal investigator on a daily base.

Data Processing and Analysis
Data were entered into Epi Data version 3.1 and exported 
to STATA version 14 statistical software for further analy
sis. After the data was edited and cleaned, coding was 
performed to make the variables suitable for analysis. 
The continuous variables were described in terms of med
ian and Inter Quartile Range (IQR) were as the categorical 
variables were described using frequency and percentages. 
The incidence rate of DFU was calculated for the entire 
cohort by dividing the total number of cases to the total 
person-years of observation. Nelson–Aalen cumulative 
curve was used to show the cumulative probability of 
DFU (Figure 1). Interacting of each covariate with time 
(Additional file 1) and Schoenfeld residual test (both glo
bal and detail) (Additional file 2) was used to test propor
tional hazard assumption. Model comparison was carried 
out using Akaike information criteria (AIC) and likelihood 
method. Then the parametric survival model with 
Gompertz baseline hazard function was found to be the 
best model. Model fitness was also checked by using the 
Cox-snell residual and the hazard ratio (HR) with its 95% 
confidence interval was computed to show the strength of 
association. Variables having a p-value <0.20 from the bi- 
variable analysis were fitted into the multivariable model 
and those with p-value <0.05 on the multivariable model 

were declared to be statistical significance predictors 
of DFU.

Result
Socio-Demographic Characteristics of 
Respondents
From the total 401 DM patient records of 14 were 
excluded because of incomplete records on important 
clinical factors. The median age of participants was 46 
(IQR= 35–58) years and more than half, 233 (60.2%) of 
patients were male. Regarding the residence, 241 
(62.3%) of participants were urban dwellers. Besides, 
183 (47.3%) of the participants had secondary and 
above education (Table 1).

Baseline Clinical Factors and 
Co-Morbidities
In this study, the median HgbA1c was 11% 
(IQR=9.08–12.22) and the median BMI was 22.06 
(IQR=19.72–24.57) Kg/m2. Of the total participants, 187 
(48.3%) had LDL level ≥ 100mg/dl whereas 265 (68.48%) 

Figure 1 Showed the Nelson–Aalen cumulative curve showing the cumulative 
probability of DFU among DM patients at Felege Hiwot referral hospital was 
increasing.

Table 1 Socio-Demographic Characteristics of DM Patients on 
Follow-Up at Felege Hiwot Referral Hospital, from January 1, 
2009, to December 31, 2018

Characteristics Frequency Percent (%)

Sex
Female 154 39.8

Male 233 60.2

Religion
Orthodox 292 75.5
Muslim 81 20.9

Protestant 14 3.6

Residence
Urban 241 62.3

Rural 146 37.8

Educational status
No education 119 30.7

Primary school 85 22.0

Secondary and above 183 47.3

Occupation
Unemployed 32 8.3
Government employed 100 25.8

Private Job 78 20.2

Farmer 108 27.9
Student 41 10.6

Housewife 28 7.2
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had triglyceride level <150 mg/dl. Regarding co-morbidities, 
80 (20.7%) had retinopathy, and 56 (14.5%) had nephropathy 
at baseline (Table 2).

Incidence of DFU
A total of 66, 17.05% (95% CI: 13.61–21.15) newly diag
nosed patients who were free from DFU at the start of 
follow-up developed DFU during the follow-up. The 
patients were followed for a minimum of 4 months and 
a maximum of 120 months with the median survival time 
of 95 months. Based on this the total person-time of 
observation was found to be 1657.08 person-years. The 
overall incidence rate of DFU was found to be 4.00 (95% 
CI; 3.13–5.05) per 100 person-years.

Predictors of DFU
Table 3 showed model comparison methods and the 
Gompertz regression model with the highest log- 
likelihood = −89.38487 and the lowest AIC = 200.7697 
was found to be the best model.

Besides, Nelson–Aalen’s cumulative hazard function 
against the Cox-snell residual is close to a straight line 
through the origin of the Gompertz model when com
pared to other models. This suggests that the Gompertz 
model provided the best fit for the data (Table 3 and 
Figure 2).

Based on the bivariable analysis at a p-value of 0.2, 
variables namely sex, religion, residence, occupation, 
duration of DM, HDL level, and LDL level were excluded 
from the final multivariable analysis. On the multivariable 
analysis, retinopathy, nephropathy, and BMI were found to 
be significant predictors of DFU. In this study, for a unit 
increase in baseline BMI, the hazard of DFU was 
increased by 13% (AHR = 1.13, 95% CI: 1.01–1.27). 
Similarly, having retinopathy, and nephropathy at baseline 
increases the hazard of DFU by 5.56 (AHR = 5.56, 95% 
CI: 2.64–11.74), and 2.37 (AHR = 2.37, 95% CI: 1.33– 
4.24) times, respectively as compared to their counterparts 
(Table 4).

Table 2 Baseline Clinical and Comorbidity Information of DM 
Patients on Follow-Up at Felege Hiwot Referral Hospital, from 
January 1, 2009, to December 31, 2018

Variables Frequency Percentage

Duration of DM
<5 year 256 66.15
≥5 year 131 33.85

Type of DM
Type 1 131 33.85

Type 2 256 66.15

HDL level (mg/dl)
≤40 178 45.99
>40 209 54.01

Triglyceride level (mg/dl)
<150 265 68.48

≥150 122 31.52

LDL level (mg/dl)
<100 200 51.68

≥100 187 48.32

Retinopathy
Yes 80 20.67
No 307 79.33

Nephropathy
Yes 56 14.47

No 331 85.53

Table 3 Summary of Model Comparison by AIC, BIC and Log- 
Likelihood Method

Model Df Log-Likelihood AIC BIC

Cox PH 9 −256.8541 531.7081 567.334

Exponential 10 −118.0876 256.1751 295.7594

Gompertz 11 −89.38487 200.7697 244.3124
Weibull 11 −94.56383 211.1277 244.3124

Lognormal 11 −107.2141 236.4281 279.9708

Log logistic 11 −97.63152 217.263 260.8057

Abbreviations: Df, the degree of freedom; AIC, Akaike information criteria; BIC, 
Bayesian information criteria.

Figure 2 The Nelson–Aalen cumulative hazard function and Cox-snell residuals 
obtained by fitting the Gompertz model for DM patients at Felege Hiwot Referral 
Hospital, January 1, 2009, to December 31, 2018.
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Discussion
This study investigated the incidence and predictors of 
DFU among DM patients at Felege Hiwot referral 
Hospital. In this study of 387 individual DM patients, 
17.05% of study participants had a DFU. This finding is 
in line with studies done in Ethiopia.28,29 But it was 
higher than the studies conducted in Japan,54 England55 

and Iran.33 This difference might be because of the 
difference in the denominator population and the study 
area because all the compared studies were population- 
based but the current study was institution-based. Also, 
diabetic care in these countries and other developed 
countries might be well organized than low- and middle- 
income countries like Ethiopia. Besides, in low and 
middle-income countries many factors such as fragmen
tation of health care services, limited resource alloca
tion, inadequate training among health-care 
professionals and low health literacy among DM 
patients contribute to high DFU.56 Regarding incidence 
rate of DFU, in this study, the incidence rate was 4 per 

100 person-year which means in 100 DM patients there 
will be 4 DFU patients per year or if we follow 100 per
sons with DM for one year four patients will experience 
or develop the case [DFU]. This finding was comparable 
with the study done in Washington which found the 
incidence rate of 5 per 100-person year.38

Diabetic nephropathy was independently associated 
with an increased hazard of DFU in this study. This is 
consistent with a cross-sectional study in Thailand,41 

a retrospective longitudinal study done in Ghana,37 and 
systematic-review and meta-analysis done globally.23 This 
might be because of peripheral neuropathy and vascular 
insufficiency are more common in patient with diabetic 
nephropathy, which in turn results in ischemic ulceration 
or foot ulcer.57 Moreover, this presence of vascular insuf
ficiency, which is common in a patient with nephropathy, 
significantly increases the risk of chronic inflammation, 
malnutrition, fluid retention, rennin-angiotensin system 
alterations, and ischemic ulcerations that eventually ends 
up with foot ulcer.58,59

Table 4 Multivariable Gompertz Regression Analysis for Predictors of DFU Among DM Patients at Felege Hiwot Referral Hospital, 
from January 1, 2009, to December 31, 2018

Variables Survival Status CHR (95% CI) AHR (95%CL)

Event Censored

Age(years) Median =46 1.03(1.02–1.05) 0.99(0.96–1.01)

Educational status

No education 31 88 1 1
Primary education 16 69 0.89(0.48–1.61) 0.92(0.43–1.95)

Secondary and above 19 164 0.49(0.27–0.86) 0.48(0.17–1.35)

BMI (Kg/m*2) Mean=22.3 1.34(1.23–1.64) 1.13(1.01–1.27)*

Type of DM
Type 1 10 121 1 1

Type 2 56 200 2.40(1.22–4.71) 1.01(0.44–2.07)

Retinopathy

No 12 295 1 1

Yes 54 26 9.90(5.28–18.55) 5.56(2.64–11.74)**

Nephropathy

No 23 308 1 1
Yes 43 13 5.98(3.57–10.04) 2.37(1.33–4.24)*

HgbA1c (%) Mean=10.9% 1.00(0.80–1.03) 1.07(0.99–1.15)

Triglyceride (mg/dl)
<150 31 234 1 1

≥150 35 87 1.78(1.10–2.89) 1.46(0.86–2.49)

Notes: **p-value <0.001, *p-value <0.05. 
Abbreviations: CHR, crude hazard ratio; AHR, adjusted hazard ratio.
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The hazard of developing DFU among diabetic patients 
with retinopathy was higher than DM patients without 
diabetic retinopathy. A similar association was found 
with a cross-sectional study done in Brazil43 and systemic 
review and meta-analysis done globally.23 This might be 
due to diabetic patients with diabetic retinopathy had 
reduced visual activities, so it is difficult to give foot 
care activities such as examining their feet daily and 
practicing good foot hygiene and these increases the risk 
of DFU.60

Diabetes mellitus patients with increasing BMI had an 
increased hazard of DFU. This is in line with the study 
done in Ethiopia31 and Ghana.37 This might be due to an 
increase in BMI is associated with the incensement of 
obesity. This obesity increases atherosclerosis and in turn 
decreases blood supply to lower extremities and this 
makes the environment suitable for the growth of bacteria 
and this might result in the DFU.

In this study, the association of age and DFU was 
not significant. However, previous cross-sectional stu
dies conducted in Thailand,35 India,36 and Saudi 
Arabia34 showed older age to be significantly associated 
with DFU. This difference might be due to the current 
study considers only newly diagnosed diabetes patients 
and the majority 61% of the participants were younger 
than 50 years but in the former study, for example in 
Saudi Arabia,34 the majority 66% of patients were older 
than 50 years.

Since this is a follow-up study it has the advantage of 
showing temporal relationships. However, because of the 
secondary nature of the data and in turn the quality of 
records, some potentially important variables like self-care 
practices and major traditional risk factors for DFU such 
as foot deformity were not studied. Also, we used baseline 
variables and there may be a change of these variables at 
any time during follow-up.

The clinical, as well as the public health importance of 
this study, is providing information for health care provi
ders and patients about factors that are associated with the 
risk of diabetic foot ulcer and to act on them to minimize 
the risk and increase their effort on prevention of having 
the problem and to prevent complication as well as to 
reduce economic losses associated to DFU.

Conclusion
The incidence of DFU among DM patients was relatively 
high. It was confirmed that DFU among DM patients was 
determined by multiple influential factors. Significant 

predictors for DFU were; diabetic nephropathy, diabetic 
retinopathy, and increase BMI. So, greater attention to 
diabetic patients with co-morbidities especially, diabetic 
nephropathy, and diabetic retinopathy, as well as patients 
with higher BMI, could decrease the incidence of DFU 
and its complications.

Abbreviations
AHR, Adjusted Hazard Ratio; AIC, Akaike Information 
Criteria; BIC, Bayesian Information Criteria; BMI, Body 
Mass Index; CHR, Crude Hazard Ratio; DFU, Diabetic 
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