Vahwere et al. BMC Public Health  (2023) 23:463 BMC Public Health
https://doi.org/10.1186/512889-023-15383-7

Check for
updates

Factors associated with severity

and anatomical distribution of diabetic foot
ulcer in Uganda: a multicenter cross-sectional
study

Bienfait Mumbere Vahwere!, Robinson Ssebuufu?’, Alice Namatovu?, Patrick Kyamanywa*, Ibrahim Ntulume'?,
lsaac Mugwano®, Theophilus Pius', Franck Katembo Sikakulya'®, Okedi Francis Xaviour', Yusuf Mulumba’,
Soria Jorge', Gidio Agaba® and George William Nasinyama’

Abstract

Background Diabetic foot ulcer (DFU) is a devastating complication of diabetes mellitus (DM) that is associated with
increased mortality, morbidity, amputation rate and economic burden. This study aimed at identifying the anatomical
distribution and factors associated with severity of DFU in Uganda.

Methodology This was a multicenter cross-sectional study conducted in seven selected referral hospitals in

Uganda. A total of 117 patients with DFU were enrolled in this study between November 2021 and January 2022.
Descriptive analysis and modified Poisson regression analysis were performed at 95% confidence interval; factors with
p-value < 0.2 at bivariate analysis were considered for multivariate analysis.

Results The right foot was affected in 47.9% (n=56) of patients, 44.4% (n=>52) had the DFU on the plantar region of
the foot and 47.9% (n=56) had an ulcer of >5 cm in diameter. The majority (50.4%, n=>59) of patients had one ulcer.
59.8% (n=69) had severe DFU, 61.5% (n=72) were female and 76.9% had uncontrolled blood sugar. The mean age in
years was 57.5 (standard deviation 15.2 years). Primary (p=0.011) and secondary (p <0.001) school educational levels,
moderate (p=0.003) and severe visual loss (p=0.011), 2 ulcers on one foot (p=0.011), and eating vegetables regularly
were protective against developing severe DFU (p=0.03). Severity of DFU was 3.4 and 2.7 times more prevalent in
patients with mild and moderate neuropathies (p < 0.01), respectively. Also, severity was 1.5 and 2.5 higher in patients
with DFU of 5-10 cm (p=0.047) and in those with > 10 cm diameter (p=0.002), respectively.

Conclusion Most DFU were located on the right foot and on the plantar region of the foot. The anatomical location
was not associated with DFU severity. Neuropathies and ulcers of >5 cm diameter were associated with severe DFU
but primary and secondary school education level and eating vegetables were protective. Early management of the
precipitating factors is important to reduce the burden of DFU.
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Background

Diabetic Foot Ulcer (DFU) is an advanced consequence
of diabetes mellitus (DM). There is a 15% lifetime chance
of developing the ulcer among diabetic patients and
when it occurs, it is associated with high mortality [1].
The 5-year survival rate among patients with DFU var-
ies between 25% and 45% worldwide [2-4]. Globally,
DFU has become one of the leading causes of lower limb
amputation with over 1 million patients amputated annu-
ally, an average of a limb amputation every 20 s [5]. Fol-
lowing amputation for DFU, 85% of patients will still
develop chronic infection and other forms of gangrene
which lead to poor quality of life and financial stress [6,
7]. One third of the management costs of diabetes is esti-
mated to be linked to foot ulcers as compared to patients
without DFU and the cost of care is estimated to be 5.4
and 2.6 times higher in the year of first episode and sec-
ond episode, respectively [8]. The cost of treatment also
increases with severity of the DFU with the highest grade
DFU ulcers costing eight times higher than the low-
est grade [7]. In addition to high management costs, the
severity of DFU ultimately leads to high mortality [9].
The prevalence of diabetic foot has been reported to be
higher among people with type 2 DM compared to those
with type 1 diabetes worldwide [10]. Globally, the preva-
lence of DFU averages at 6.4% with a higher predilection
in men compared to women [11]. This prevalence varies
between 3% in Oceania to 13% in North America, with a
prevalence of 7.2% across Africa; in Uganda it varies from
1 to 4% [10]. In Ethiopia, a prevalence of 13.6% of DFU
was reported among type 2 diabetes mellitus patients and
it was associated with rural residence, poor foot self-care
practice, obesity, and neuropathy [12].

Studies have shown that factors usually associated with
occurrence of DFU include older age, longer duration
of DM, hypertension, diabetic retinopathy and smoking
history [13]. Peripheral neuropathy, peripheral vascular
disease and foot trauma were also reported risk factors
in the pathophysiology of foot ulcer [14]. Other factors
include low educational status, high body mass index
(BMI)and inadequate foot self-care practice [15-17],
however these factors may differ based on the patient’s
socio-economic status, demographic characteristics, and
the evolution of DFU within the facility [12]. The fac-
tors precipitating progression to severe DFU in Ugandan
patients have not been well studied.

The management of DFU requires the participation
of the patient [18] and the outcome is related to patient
awareness and self-foot care behavior [19-21]. Self-man-
agement of DM has a significant impact on the outcome
of blood sugar level control and complications such as
DEU [18].

Although Wagner grade 3 and 4, metatarsal is the most
common location of DFU and associated factors have
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been largely studied in developed countries [19-23],
there is still a paucity of data regarding the anatomi-
cal distribution and factors associated with severe DFU
among patients in LMICs such as Uganda. An evidence-
based understanding of the factors associated with
increasing severity of DFU is necessary to establish effec-
tive control measures to reduce its burden. The purpose
of this study, therefore, was to determine the anatomical
distribution and factors associated with increasing sever-
ity of DFU in patients with DM in Uganda.

Methods

Study design and setting

This multicenter cross-sectional study was conducted in
7 hospitals in Uganda (Kampala International Teaching
Hospital, Kitagata General Hospital, Mbarara Regional
Referral Hospital, Fort Portal Regional Referral Hospital,
Hoima Regional Referral Hospital, Jinja Regional Refer-
ral Hospital and Kiruddu Specialized Hospital) (Fig. 1).
The hospitals were deliberately chosen based on the
high prevalence of DM in Central, Western and Eastern
Uganda where the hospitals are located [24].

Patients and recruitment
All patients aged 18 years and above with DM type 1
and type 2, having a wound located below the ankle and
attending the surgical department and/or DM clinics of
selected hospitals in Uganda between November 1, 2021
and January 31, 2022 were recruited. Purposive.
consecutive sampling method was used until the
desired sample size was reached. Patients provided writ-
ten informed consent to participate in the study. Patients
without mental capacity and those without an adult to
consent for them were excluded from the study.

DFU patients with communication difficulty, such as
those with severe cognitive impairment or those who
could not consent, were excluded from the study.

The required sample size for the study patients with
DFU was calculated using the Kish Leslie formula as
cited by Singh [25]. Data about the prevalence of DFU in
Uganda is still scanty, therefore we used the prevalence
estimate of DFU in a cross-sectional study done in Egypt
(8.7% among adult patients aged 18 years and above
attending Alexandria University Teaching Hospital Dia-
betic clinic) to determine the sample size [26]. Using the
prevalence estimate from Egypt, which is similar to the
one in Kenya [27], resulted in a calculated sample size of
122 patients.

Study procedure

We developed and piloted a data collection tool informed
by relevant literature. The tool was translated by a lan-
guage expert into the local languages spoken in each of
the study areas, namely Luganda/Lusoga, Runyakore/
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Fig. 1 Distribution of study sites according to district. RRH: Regional referral hospital; NRH: National referral hospital

Rukiga and Runyoro/Rutoro. A medical doctor, an oph-
thalmologist/ophthalmology clinical officer, a nurse and
a surgical resident were recruited and trained as research
assistants in each of the selected hospitals. Data collec-
tion was supervised by the principal investigator (BMV)
and other authors (RS, GA, IM, and FKS).

Physical examination to assess the Wagner classifica-
tion, anatomical distribution of DFU, neuropathy, and
blood pressure was performed by a doctor. The ankle-
brachial index (ABI) was calculated using the ratio of
the blood pressure taken at the ankle of the affected foot
and the blood pressure taken at the one third distal of the
arm. The ABI was not measured for patients with DFU
affecting the ankle and the variable was considered as
“not applicable”. The key variables included socio-demo-
graphic variables such as age, sex, occupation, monthly
income, tribe and residency, general characteristics of
the patients such as type of DM, duration of DM, his-
tory of trauma, duration of the diabetic foot ulcer, type
of therapy and behavior-related factors such as history of
smoking, alcohol intake, type of diet, frequency of con-
sulting the diabetic clinic, foot care and lifestyle. Patients
were asked about their regular weekly diet and the food
was categorized depending on the main constituent:
carbohydrates (matoke/plantains, cassava, posho, rice,

sweet potatoes, Irish potatoes, pumpkins, yams), pro-
teins (meat, eggs, fish, beans, milk), lipids (ground nuts,
sim sim paste, ghee, cooking oil) and fruits and vegeta-
bles. Frequency of consumption was categorized as: daily
(if they ate the mentioned food in a category every day),
usually (if they ate any of the foods in the category at least
4 to 6 times in a week), occasionally (if at least 2 to 3 times
in a week) and rarely (if once a week or less frequent).
Regarding alcohol intake, the patient was regarded as an
alcoholic if they drink alcohol regularly irrespective of
the type of alcohol and non-alcoholic if the patient does
not take alcohol at all, if the patient drinks alcohol once
in a while or if a patient had completely stopped drinking
alcohol for two years.

For the smoking variable, a smoker was a patient who
chewed or smoked tobacco irrespective of the type and
number of times per day whilst a non-smoker status
referred to a patient who has never smoked or one that
has ceased smoking for at least two years. Diabetic clinic
consultation was assessed as the frequency of consulta-
tion and as categorized as monthly, every 6 months,
once in a year or not at all. Foot care of the patients spe-
cifically considered what the patient uses to cut the nails
(nail cutter, knife, or razor blade),who cuts the nails for
the patient (self or assisted by another person) and the
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type of shoes regularly worn by the patient (closed, open
or fitted) while the foot score consisted of: washing feet
- score 1; drying in between the toes - score 2; and using
moisturizing products - score 3. Based on this scoring, a
good score meant a patient practices all three, a medium
score if patient practices any two and a poor score if the
patient practices only one of the three.

Blood samples for HbAlc and fasting blood sugar
(FBS) testing were collected from one of the main super-
ficial veins of the cubital fossa (cephalic, basilic, median
cubital, and median ante brachial).The blood sample was
collected in an ethylenediaminetetraacetic acid (EDTA)
grey top vacutainer for blood sugar tests and glycosylated
hemoglobin (HbA1c) [22, 28] and transported in a cooler
box (AL medical cool box, England UK) at 2 to 6 Celsius
degree to the laboratory of Kampala International Uni-
versity-Teaching Hospital (KIU-TH) [29]. Four milliliters
(ml) of blood were withdrawn from the anterior cubital
fossa of each subject using a sterile disposable syringe
and needle after cleaning the site with a swab soaked in
70% alcohol.

HbAlc was analyzed using alchroma II Machine (2017)
and results were interpreted as follows: <6.5% HbAlc was
considered as controlled DM and an HbAlc of 6.5% and
above were uncontrolled DM [30]. Each study patient
received a printed copy of their results.

Patients’ weight in kilograms and height in meters were
determined using a calibrated analogue weighing scale
and wall mounted station meter manufactured by South-
ern Early Child Association (SECA). The body mass index
was calculated using the formula: BMI=kg/m? where
kg was a patient’s weight in kilograms and m? was their
height in meters squared. Patients were categorized as
normal (BMI of 18.5 to 24.9), overweight (BMI of 25.0 to
29.9) or obese (BMI of 30 and above) [31]. Blood pressure
was taken using a digital automated sphygmomanometer
(bosomedicus vital D-72,417 JUNGINGEN/ German)
with an appropriate cuff size for the arm. High blood
pressure was defined as systolic blood pressure>140
mmHg or diastolic pressure>90 mmHg (European Soci-
ety of Cardiology/European Society of Hypertension,
2018) [32].

Pressure sensation was assessed using 5.07/10 g mono-
filament (Semmes Weinstein monofilament test, made in
China) at 4 of the 10 standard sites of the sole of the feet
(plantar base of the big toe, 2nd and 5th toes and at the
heel), avoiding areas with callosity [33]. Vibration sense
was elicited using a 128 Hz tuning fork at the hallux [33,
34]. Diabetic neuropathy was classified as absent, minor,
moderate or severe using the new classification by Picon
and collaborators [35]. The Neuropathy Disability Score
(NDS) was used to assess the grade of diabetic peripheral
neuropathy (DPN) for each patient. The NDS system is a
neuropathy scoring tool ranging from 0 to 10 which can
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also be used for assessment of severity of peripheral neu-
ropathy by considering four parameters: vibration sense
by using a 128 Hz tuning fork (O=present,1=reduced/
absent for each foot), temperature sensation by using
a cold tuning fork (O=present,1=reduced/absent for
each foot), pin-prick sensation by a monofilament test
(0=present,1 =reduced/absent for each foot and ankle
reflex), Achilles tendon reflex by using a patellar hammer
(0=normal, 1=present with reinforcement, 2=absent per
side) [36]. Absence of neuropathy (normal) was consid-
ered when the score was 0 to 2. The classification of DPN
disability was graded as follows: mild (score 3—-5), moder-
ate (score 6-8), and severe (score 9-10) as described by
Dyck [37].

Patients’ feet were examined to determine the charac-
teristics of the foot ulcer, number of ulcers, size of ulcers
and location. The ulcer was classified using the Wagner
classification [23].

The patients were classified into two (2) categories
based on severity of DFU, as early DFU (less severe)
(grade 1 and grade 2 foot ulcer) and severe or late DFU
(grade 3 and above) using the Wagner classification [9].

Visual loss was assessed by either a trained ophthal-
mology clinical officer or ophthalmologist using a Snel-
len chart to assess the smallest letter a patient can read
or orientation of letters at 20 feet or 6 m with one eye
closed. Visual impairment was categorized according to
the WHO classification where low vision is classified into
three categories: mild, moderate, and severe. Mild visual
impairment is visual acuity of >6/18, moderate visual
impairment is less than 6/18 but equal or better than
6/60, whilst severe visual impairment is <6/60 [38].

Data processing and analysis

The raw data was entered into MS Excel spreadsheet
software, cleaned and later exported to Stata version 15
(Stata Corp®) for analysis. Categorical variables were ana-
lyzed using the proportions whilst the difference in pro-
portions was assessed using the Chi-square test and data
was summarized and presented in form of frequencies
and percentages. Continuous variables were presented as
means and standard errors.

Bivariate and multivariable analyses were performed
using modified Poisson regression to assess the associa-
tion between severity of the DFU and the factors studied,
with significance determined at p<0.05. Variables with
a p-value<0.2 in bivariate analysis were considered for
multivariable analysis.

Poisson regression was chosen to obtain prevalence
risk ratios (PRR) over logistic regression to avoid overes-
timation of the prevalence ratio and to allow for appro-
priate control of confounding variables, because the latter
poorly estimates the standard errors of the estimated risk
ratios especially when dealing with severe DFU which
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Fig. 2 Proportion of patients with severe and less severe diabetic foot ul-
cers in selected referral hospitals in Uganda, November 2021 to January
2022 (n=117)

was a common outcome of interest among patients with
DFU [39].

Ethical considerations

Ethical approval was granted by the Research Ethics
Committee of Kampala International University (KIU),
reference KIU-REC-2021-57 and permission to access
the patients was obtained from management of the
selected hospitals before data collection.

Results

Among 122 targeted study patients, 117 (96%) patients
with DFU had complete data and this was subsequently
analyzed. Five (4%) patients that had incomplete data
were excluded from further analysis.

Among the 117 patients with DFU who formed the
definitive sample, the majority (n=70; 59.8%) had severe
DFU and 47 (40.2%) less severe DFU. The majority of the
patients (61.5%, n=72) were female. The mean age of
study patients was 57.1 years (49.5 for patients with less
severe DFU and 67.5 for patients with severe DFU). The
majority of the patients (76.9%; n=90) had poor blood
sugar control. Most patients (44%; n=>52) had a grade
3 diabetic foot ulcer followed by grade 2 (28%, n=33),
grade 1 (12%, n=14), grade 4 (8%, n=9) and grade 5(8%,
n=9) according to the Wagner classification.

Severity of the diabetic foot ulcer
As shown in Figs. 2 and 70 (59.8%) of the study patients
had severe DFU (95%CI 50.4—68.8) and 47 (40.2%) had
less severe DFU (95%CI 31.22-49.6). The proportions
were significantly different (p <0.05).
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Table 1 Sociodemographic characteristics of patients with
DFU in selected referral hospitals in Uganda, November 2021 to
January 2022 (n=117)

Variables Less Severe Total P
severe DFU DFU (G3, n (%) value
(G1&G2): G4, &G5):
n(%) n(%)
Age group in years 0.026
18-39 10 (21.3) 4(5.7) 14(12.0)
40-49 7(14.9) 8(11.4) 15(12.8)
50-59 13(27.7) 26 (37.1) 39(33.3)
60-69 12 (25.5) 13(18.6) 25(21.4)
70-95 5(10.6) 19 (27.1) 24(20.5)
Sex 0.720
Female 28(38.9) 44 (61.1) 72 (61.5)
Male 19 (404) 26 (37.1) 45 (38.5)
Residence 0.682
Urban 13(27.7) 17 (24.3) 30 (25.6)
Rural 34 (72.3) 53(75.7) 87 (74.4)
Region 0.555
Western 33(70.2) 51(729) 84 (71.8)
Central 6(12.8) 12(17.1) 18 (15.4)
Eastern 7 (14.9) 5(7.1) 12 (10.3)
Non-Ugandan 1.1) 2(29) 3(26)
Occupation 0.502
Peasant farmer 28 (59.6) 42 (60.0) 70 (59.8)
Business/self employed 11 (23.4) 13(18.6) 24 (20.5)
Non-employed 7 (14.9) 9(12.9) 16 (13.7)
Formerly employed 120 6 (8.6) 7 (6.0)
Average monthly 0.144
income in UgShs
< 10,000 15(31.9) 21(30.0) 36 (30.8)
10,000-100,000 16 (34.0) 14 (20.0) 30 (25.6)
100,001-500,000 14 (29.8) 22(314) 36 (30.8)
500,001-Tmillion 1(2.1) 9(12.9) 10 (8.5)
Above Tmillion 12.1) 4(5.7) 5(4.3)

Ug.Shs: Ugandan Shillings; 1 United States (US) dollar=3800Ug.Shs (exchange
rate as of 1st September 2022)

Socio demographic characteristics of DFU patients
Most (33.3%) of the patients were in the age-group
between 50 and 59 years; and the majority (74.4%) were
from rural areas (Table 1). The age group of 70-95 years
was associated with severe DFU (p=0.02).

Medical characteristics of DFU patients

Table 2 shows that the majority of patients had DM type
2 (94.9%, n=111) and 65 (55.6%) had suffered with DM
for a duration of 9 years and above. In 55% the DFU had
lasted for a duration of 1-6 months, 25.6% had a prior
history of DFU and 18.8% had a history of amputation.
The majority of patients (65%) were on insulin.



Vahwere et al. BMC Public Health

(2023) 23:463

Table 2 Medical characteristics of patients in selected referral
hospitals in Uganda, November 2021 to January 2022 (n=117)

Variables Less Severe Total p-
severe (G3, G4, n (%) val-
(G1&G2):  &G5): n(%) ue
n(%)

Type of DM 0.174

Type 1 4(85) 2(29) 6(5.1)

Type 2 43(91.5) 68 (97.1) 111 (94.9)

Duration of DM in 122 (11.0) 10.0 (8.8) 109(9.7) 0.236

years, mean (SD)

Duration of DM in 0.744

years

0-3 12 (25.5) 19 (27.1) 31 (26.5)

4-8 10 (21. 11(15.7) 21(17.9)

9 and above 25(53.2) 40 (57.1) 65 (55.6)

Method of treatment

Insulin 0.834

No 17 (36.2) 24 (34.3) 41 (35.0)

Yes 30 (63.8) 46 (65.7) 76 (65.0)

Herbal medicine 0.330

No 26 (55.3) 45 (64.3) 71(60.7)

Yes 21(44.7) 25 (35.7) 46 (39.3)

Oral hypoglycemic 0.783

agents (OHA)

No 20 (42.6) 28 (40.0) 48 (41.0)

Yes 27 (57.4) 42 (60.0) 69 (59.0)

On treatment 0.683

No 45 (95.7) 68 (97.1) 113 (96.6)

Yes 2(4.3) 2(2.9) 4(3.4)

Number of types of 0.173

medication received

0 2(4.3) 2(2.9) 4(34)

1 20 (42.6) 39 (55.7) 59 (50.4)

2 17 (36.2) 13(18.6) 30 (25.6)

3 8(17.0) 16 (22.9) 24 (20.5)

Duration of DFU in 49(10.1) 4.2(73) 4.5(8.5) 0670

months, mean (SD)

Duration of DFU in 0.527

months

Less than 1 17 (38.6) 19 (28.4) 36 (32.4)

1-6 22 (50.0) 39(58.2) 61 (55.0)

Over 6 5(114) 9(13.4) 14 (12.6)

History of trauma to 0.604

an affected foot

No 40 (85.1) 57 (81.4) 97 (82.9)

Yes 7(14.9) 13(18.6) 20(17.1)

History of previous 0.535

DFU

No 36 (76.6) 50(71.4) 86 (73.5)

Yes 11(23.4) 20 (28.6) 31(26.5

History of amputation 0.375

due to DFU

No 40 (85.1) 55 (78.6) 95 (81.2)

Yes 7(14.9) 15 (21.4) 22(18.8)

SE: standard error
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Behavioral characteristics of patients with DFU

As shown in Table 3, only 20 (17.1%, n=117) of patients
attended a diabetes clinic twice a month and only 22
(18.8%) patients reported to be doing regular physical
exercise. The prevalence of other factors associated with
severity on DFU such as foot care, history of smoking,
not doing physical exercise and eating a mixture of foods
are also shown.

Comorbidities of patients with DFU

The study showed that most patients (47.9%) had a nor-
mal BMI whilst 38 (32.5%) had pre-obesity. Hypertension
was found in 69 (59%) patients, moderate kidney failure
in 23 (19.7%), moderate neuropathy in 44 (37.6%) and
severe neuropathy in 38 (32.5%) of patients with severe
DFU (p-value 0.01). HbalC levels above 6.5% were found
in 90 (76.9%) of patients, compensated heart disease in
22 (18.8%) and decompensated heart disease in 5 (4.3%).
Furthermore, claudication was the most common periph-
eral vascular disease, reported by 29 (24.8%) patients, fol-
lowed by gangrene (6.0%) and deep venous thrombosis
(DVT) (4.3%) (Table 4).

Anatomical distribution of DFU

Most patients (47.9%, n=56) had DFU of the right
foot, with the majority (54.7%) found on the dorsum
of the foot. Location of the ulcer on the plantar region
(p=0.01), having more than 4 ulcers (p=0.01) and a size
of ulcer of >10 c¢cm of diameter (p=0.00) were associated
with higher severity of the DFU (Table 5).

Factors influencing severity of DFU

The patients with mild neuropathy (aPRR=3.4; 95%
CI=1.51-7.63; p-value=0.003) and moderate neuropa-
thy (aPRR=2.65; 95% CI=1.34-5.23; p-value=0.005)
were more at risk of developing severe DFU as compared
to those with normal foot sensation, when other fac-
tors were held constant. Although at bivariate analysis
patients with severe neuropathy were twice more likely
(95% CI=1.21-4.03, p=0.009) to develop severe DFU
compared to those with normal foot sensations, this
turned out not to be a significant risk factor at multi-
variable analysis. The age group of 70-95 years was sig-
nificantly associated with increased risk of severe DFU
(APR=3.02; 95% CI=1.28-7.17; p=0.02); the size of the
ulcer of more than 5 cm (APR=1.51; 95%CI= (1.01-2.27);
p<0.05) and size>10 cm (APR=2.46;95%=1.38-4.39;
p=0.002). Regular eating of vegetables (APRR=0.062;
95% CI=0.004-0.863; p-value=0.038), education level:
primary (APRR=0.58; 95% CI=0.38-0.89; p=0.011),
secondary (APR=0.53; 95% CI=0.29-0.97; p=0.039);
moderate (APRR=0.48; 95% CI = ; 95% CI=0.29-0.78;
p=0.003) and severe visual loss (APR=0.31; 95%=0.17—
0.54; p=0.011), for 2 ulcers on one foot (APR=0.52;
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Table 3 Behavioral characteristics of DFU patients in selected referral hospitals in Uganda, November 2021 to January 2022 (n=117)

Variables Early (G1&G2):n(%) Late (G3, G4, &G5): n (%) Total p-value
n (%)

Taught About complications of DM 0.274

No 20 (42.6) 37(52.9) 57 (48.7)

Yes 27 (57.4) 33(47.1) 60 (51.3)

Counselled about risk of DFU when you have DM 0411

No 14 (29.8) 26 (37.1) 40 (34.2)

Yes 33(70.2) 44 (62.9) 77 (65.8)

Counselled by a friend 0.707

No 31 (66.0) 41 (58.6) 72 (61.5)

Yes 16 (4.3) 29(51.4) 45 (38.5)

Counselled by a healthcare worker 0480

No 30 (63.8) 37(52.9) 67 (57.3)

Yes 17(6.4) 33 (47.1) 50 (42.7)

Counselled by social media 0.707

No 31(66.0) 41 (58.6) 72(61.5)

Yes 16 (34.1) 29 (41.4) 45 (39.0)

Frequency of DM clinic attendance 0577

Never 13(27.7) 25(35.7) 38(325)

Once a month 22 (46.8) 28 (40.0) 50(42.7)

Every 2 months 7(149) 13(18.6) 20(17.1)

Once yearly 5(10.6) 4(5.7) 9(7.7)

Smoking status 0.040

Non smoker 44 (93.6) 56 (80.0) 100 (85.5)

Ever smoked 3(6.4) 14 (20.0) 17 (14.5)

Alcohol consumer 0512

No 38(80.9) 53(75.7) 91 (77.8)

Yes 9(19.1) 17 (24.3) 26(22.2)

Foot care score 0464

1 12 (25.5) 25 (35.7) 37 (31.6)

2 5(106) 5(7.1) 10 (8.5)

3 30 (63.8) 40(57.1) 70 (59.8)

Type of shoes worn 0.908

Open shoes 30 (63.8) 47 (67.1) 77 (65.8)

Any type of shoes 12 (25.5) 17 (24.3) 29 (24.8)

Don't wear shoes 5(10.6) 6 (8.6) 11(94)

How often nails are cut since DM diagnosed 0.791

Always 14 (29.8) 22 (31.4) 36 (30.8)

Occasionally 32 (68.1) 45 (64.3) 77 (65.8)

Don't 120 3(423) 4(34)

Individual who cuts the toenails 0.762

Self 30 (63.8) 46 (65.7) 76 (65.0)

Other people 17 (36.1) 24 (34.3) 41 (35.0)

What do you use to cut your nails (multiple answers)

Nail cutter 0.329

No 33(70.2) 43 (61.4) 76 (65.0)

Yes 14 (29.8) 27 (38.6) 41 (35.0)

Razor blade 0.152

No 14 (29.8) 30(42.9) 44 (37.6)

Yes 33(70.2) 40 (57.1) 73 (624)

Knife 0.807

No 46 (97.9) 68 (97.1) 114 (97.4)

Yes 120 2(29) 3(26)

Frequency of exercise 0.529
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Table 3 (continued)

Variables Early (G1&G2):n(%) Late (G3, G4, &G5): n (%) Total p-value
n (%)

Always 8(17.0) 14 (20.0) 22(18.8)

Occasionally 27 (57.4) 39 (55.7) 66 (56.4)

Never 12 (25.5) 17 (24.3) 29 (24.8)

Work in the garden 0.921

No 27 (57.4) 37(52.9) 64 (54.7)

Yes 20 (42.6) 33 (47.1) 53 (45.3)

Walk at least 30 min a day 0.625

No 25(53.2) 47 (67.1) 72 (61.5)

Yes 22 (46.8) 23(329) 45 (38.5)

Housework 0.128

No 38(80.9) 56 (80.0) 94 (80.3)

Yes 9(19.1) 14 (20.0) 23 (1

Jogging 0.910

No 40 (85.1) 67 (95.7) 107 (91.5)

Yes 7(14.9) 3(43) 10(8.5)

No exercise 0.044

No 36 (76.6) 57 (81.4) 93 (79.5)

Yes 11(234) 13(18.6) 24 (20.5)

Diet (how often food eaten:)

Vegetables 0.103

Daily 26(0.2) 32(0.3) 58(0.5)

Usually 4(0.03) 1(0.01) 5(0.04)

Occasionally 2(0.02) 8(0.1) 10(0.1)

Rarely 15(0.1) 29(0.2) 44(04)

Fruits 0.924

Daily 21(0.2) 30(0.3) 51(0.4)

Usually 1(0.01) 1(0.01) 2(0.02)

Occasionally 6(0.1) 7(0.1) 13(0.1)

Rarely 19(0.2) 32(0.3) 51(0.4)

Fatty food 0492

Daily 26(0.2) 39(0.3) 65(0.6)

Usually 1(0.01) 6(0.1) 7(0.1)

Occasionally 9(0.1) 10(0.1) 19(0.2)

Rarely 11(0.1) 15(0.1) 26(0.2)

Proteins 0215

Daily 30(0.3) 47(0.4) 77(0.7)

Usually 1(0.01) 6(0.1) 7(0.1)

Occasionally 8(0.1) 5(0.04) 13(0.1)

Rarely 8(0.1) 12(0.1) 20(0.2)

Carbohydrates 0.209

Daily 33(0.3) 56(0.5) 89(0.8)

Usually 4(0.03) 3(0.03) 7(0.1)

Occasionally 4(0.03) 1(0.01) 5(0.04)

Rarely 6(0.1) 10(0.1) 16(0.1)

95%CI1=0.32-0.86; p=0.011) were significantly less likely
associated with severe DFU (Table 6).

Discussion

This study assessed the anatomical distribution and fac-
tors associated with severity of DFU among patients with
DM in Uganda. The majority of patients in our study had

poor blood sugar control. The most common location of
DFU was the plantar region of the foot unlike other stud-
ies which reported metatarsal as the common region [22,
23]. Factors associated with severity of DFU were size of
the ulcer, neuropathy and age.

The burden of DM and DFU is increasing worldwide,
especially in developing countries such as Uganda [8].
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Table 4 Co-morbidities of patients with DFU in selected referral
hospitals in Uganda, November 2021 to January 2022 (n=117)

Variables Early Late (G3, G4, Total p-
(G1&G2) &G5)n(%) n (%) val-
n(%) ue

Neuropathy 0.013

Absent 16 (34.0) 8(11.4) 24 (20.5)

Mild 3(64) 8(11.4) 11(9.4)

Moderate 18 (38.3) 26 (37.1) 44 (37.6)

Severe 0(21.3) 28 (40.0) 38(32.5)

Peripheral Vascular 0.103

Disease

No disease 35 (74.5) 41 (58.6) 76 (65.0)

Claudication 10 (21.3) 24.(27.1) 34(29.1)

Gangrene 0(0.0) 7(10.0) 7(6.0)

DVT 2(43) 3(4.3) 5(4.3)

Hba1C, mean (SD) 83(26) 8.8(2.6) 86(26) 0.158

Hba1C levels

Less than 6.5% 14 (29.8) 13(18.6) 27 (23.1)

6.5% and above 33(70.2) 57(814) 90 (76.9) 0.158

BP class

Normal 19 (40.4) 28 (40.0) 47 (40.2)

Hypertension 28(596)  41(58.6) 69 (59.0)

Hypotension 0(0.0) 101.4) 1(0.9)

BMI, mean (SD) 259 (6.7) 250(5.2) 253 0393

(5.9)

BMI group 0.614

Underweight< 18.5 3(64) 5(7.1) 8(6.8)

Normal 18.5-24.9 21 (44.7) 35 (50.0) 56 (47.9)

Pre-obesity 25.0-29.9 16 (34.0) 22 (31.4) 38(32.5)

Obesity Class | 3(64) 6 (8.6) 9(77)

30.0-34.9

Obesity Class Il 2 (4.3) 0(0.0) 2(1.7)

35.0-399

Obesity Class Il 40 2 (4.3) 2(2.9) 4(34)

and above

ABI group 0.192

Normal (1.0to 1.4) 9(0.1) 19(0.2) 28(0.2)

Acceptable (0.9 to 4(0.03) 3(0.03) 7(0.1)

less 1.0)

Some Arterial Disease 1(0.01) 0(0.0) 1(0.01)

(0.8to less 0.9)

Moderate (0.5 t0 0.7) 0(0.0) 2(0.02) 2(0.02)

Severe (Less than 0.5) 0(0.0) 2(0.02) 2(0.02)

Not assessed 31(0.3) 46(0.4) 77(0.7)

ABI: ankle brachial index; BMI: body mass index, HbalC: glycosylated
hemoglobin, DVT: deep venous thrombosis, BP: blood pressure, SD=standard
deviation

Adult patients have a 10-15% risk of developing DFU
during their diabetic lifetime [1, 40]. Our study showed
the mean age in years was 57.5 (SD15.2), and older age
was significantly associated with higher severity of DFU,
especially the 70-95 age group. This result is similar to
what was reported in a systematic review where age was
associated with severity of DFU [9].
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Table 5 Anatomical distribution of DFU among patients in
selected referral hospitals in Uganda, November 2021 to January
2022 (n=117)

Variables Less Severe Total p-
severe (G3, G4, n(%) value
(G1&G2): &G5):n
n (%) (%)

Foot affected by DFU 0.633

Right 23 (48.9) 33(47.1) 56 (47.9)

Left 20 (42.6) 27 (38.6) 47 (40.2)

Both 4(8.5) 10 (14.3) 14 (12.0)

Location of DFU

Heel 0409

No 38(80.9) 52 (74.3) 90 (76.9)

Yes 9(19.1) 18 (25.7) 27 (23.0)

Dorsum 0.074

No 26 (55.3) 27 (38.6) 53 (45.3)

Yes 21 (44.7) 43 (61.4) 64 (54.7)

Plantar 0.009

No 33(70.2) 32(45.7) 65 (55.6)

Yes 14 (29.8) 38 (54.3) 52 (44.4)

Toes 0.788

No 22 (46.8) 31 (44.3) 53 (45.3)

Yes 25(53.2) 39(55.7) 64 (54.7)

Number of ulcers 0.010

1 29 (61.7) 30 (42.9) 59 (504)

2 14 (29.8) 15 (21.4) 29 (24.8)

3 4(8.5) 22 (31.4) 26(22.2)

4 0(00) 3(43) 3(26)

Size of DFU in cm <0.001

1to5 34(723) 22 (31.4) 56 (47.9)

5t010 13(27.7) 29 (41.4) 42 (35.9)

Over 10 0(0.0) 19 (27.1) 19(16.2)

cm: centimeter

Although our study had a female majority, sex was not
significantly associated with severity of DFU. A simi-
lar result was reported by Agwu [39] and other authors
in Uganda [39, 41]. However, a male majority and pre-
ponderance have been reported in other studies [2, 42].
Jupiter [40] in a worldwide systematic and meta-analysis
review in found that male patients were significantly
more affected by severe DFU than female patients. In
addition, level of education, profession, level of income,
duration of DM/DFU are significantly associated with
the severity of the DFU although these factors have been
reported to contribute to the genesis of the DFU [17].

History of smoking was not associated with severity
of the DFU in this study although it has been reported
to be associated with development of DFU. However,
other studies have found history of smoking to be asso-
ciated with severity of DFU [9, 22]. This finding can be
explained by the relatively low number of smokers found
in this study. High BMI has been reported to be associ-
ated with occurrence of DFU and with severe DFU [9];
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Table 6 Bivariate and multivariable analysis for factors associated with severity of DFU in selected referral hospitals in Uganda,
November 2021 to January 2022 (n=117)

Variable DFU Bivariate analysis Multivariable analysis
Less severe Severe c.PRR (95%Cl) p-value a.PRR (95%Cl) p-value
n (%) n (%)
Age 47 (40.2) 70(59.8) 1.01(1.01-1.02) 0.003  1.02(1.01-1.03) 0.001
Age group in years
18-39 10 (21.3) 4(57) 1 1
40-49 7(14.9) 8(11.4) 1.87(0.72-4.87) 0202 2.5(091-6.91) 0.076
50-59 13(27.7) 26 (37.1)  2.33(0.99-5.52) 0.054 1.43(0.63-3.26) 0.397
60-69 12 (25.5) 13(18.6) 1.82(0.73-4.54) 0.199 1.67(0.72-3.91) 0.234
70-95 5(10.6) 19 (27.1)  2.77(1.18-6.53) 0020 3.023(1.28-7.17) 0.012
Sex
Female 28 (59.6) 44(62.9) 1 1
Male 19 (40.4) 26 (37.1)  0.95(0.69-1.29) 0724 - -
Residence
Rural 34(72.3) 53(75.7) 1 1
Urban 13(27.7) 17 (24.3) 0.95(0.69-1.29) 0724 - -
Profession
Peasant farmer 28 (59.6) 42 (60.0) 1 1
Business/self employed 11(234) 13(186) 09(0.6-1.37) 0.630 0.84 (0.43-1.66) 0.621
Non employed 7(14.9) 9(129) 0.94(0.58-1.51) 0.790 1.02(0.61-1.71) 0.939
Formerly employed 12.1) 6(8.6) 143 (1-2.05) 0.052 1.13(0.5-2.53) 0.773
Level of education
No formal 3(64) 12(17.0) 1 1
Primary 29 (61.7) 40(57.1) 0.73(0.52-1) 0.052 0.58(0.38-0.89) 0.011
Secondary 14 (29.8) 14 (20.0) 0.63(0.4-0.98) 0.041  0.53(0.29-0.97) 0.039
Tertiary 1(2.1) 4(5.7) 1(0.6-1.66) 1.000 045 (0.18-1.17) 0.102
Religion
Muslim 4(8.5) 9(129) 1 1
Christian 43(91.5) 61(87.1) 0.8(0.52-1.38) 0.506 0.9 (0.54-1.45) 0.629
Average monthly income in UgShs
< 10,000 15(31.9) 21(30.0) 0.73(043-1.23) 0234 042(0.13-1.33) 0.142
10,000-100,000 16 (34.0) 14 (20.0) 0.58(0.33-1.05) 0.071 039 (0.12-1.31) 0.128
100,001-500,000 14 (29.8) 22(314) 0.76 (0.46-1.28) 0303 047(0.16-1.42) 0.181
500,001-1,000,000 12.0) 9(129) 1.13(0.69-1.83) 0635 08(03-2.14) 0.650
Above 1M 1.1) 4(57) 1 1
Smoking status
Non smoker 44 (93.6) 56 (80.0) 1 . 1 .
Ever smoked 3(64) 14(200) 1.47(1.11-1.95) 0.007 1.08 (0.68-1.71) 0.751
Vegetables
Rarely 15(0.1) 29(0.2) 1 . 1 .
Daily 26(0.2) 32(0.3) 0.69(0.20-2.37) 0.558 4.50 (0.68-1.68) 0.118
Usually 4(0.03) 1(0.01) 0.13(0.01-1.26) 0.078  0.06 (0.00-0.86) 0.038
Occasionally 2(0.02) 8(0.1) 0.85(0.38-1.88) 0.685 0.69 (0.28-3.06) 0430
Carbohydrates
Rarely 6(0.1) 1000.1) 1 . 1 .
Daily 33(0.3) 56(0.5) 0.15(0.01-1.68) 0.123  0.18(0.01-2.40) 0.193
Usually 4(0.03) 3(0.03) 045 (0.07-2.74) 0386 1.08 (0.11-10.30) 0.946
Occasionally 4(0.03) 1(0.01) 1.02(0.34-3.06) 0974 143 (0.40-5.09) 0.581
Dorsum
No 26 (55.3) 27(386) 1 . 1 .
Yes 21(44.7) 43 (614) 1.32(0.96-1.81) 0.086 1.32(0.88-1.98) 0.176
Plantar
No 33(70.2) 32(457) 1 1
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Table 6 (continued)
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Variable DFU Bivariate analysis Multivariable analysis
Less severe Severe c.PRR (95%Cl) p-value a.PRR (95%Cl) p-value
n (%) n (%)
Yes 14 (29.8) 38(54.3) 1.48(1.1-2) 0.009 1.46(0.89-2.38) 0.135
Number of locations for one Ulcer
1 29 (61.7) 30429 1 . 1 .
2 14 (29.8) 15(214) 1.02(0.66-1.57) 0938 0.52(0.32-0.86) 0.011
3 4(8.5) 22 (314) 1.66(1.23-2.25) 0.001 057(0.27-1.21) 0.145
4 0(0.0) 3(4.3) 1.97(1.53-2.53) <0.001 0.72(0.33-1.6) 0421
Visual loss
Normal 8(17.0) 18(25.7) 1 . 1 .
Mild 7(14.9) 14 (20.0) 0.96 (0.65-1.43) 0.853  0.55(0.28-1.08) 0.084
Moderate 15(31.9) 23(329) 0.87(0.61-1.26) 0470 048(0.29-0.78) 0.003
Severe 17 (36.2) 15(214) 0.68(0.43-1.06) 0.090 0.31(0.17-0.54) <0.001
Neuropathy
Normal 16 (34.0) 8(114) 1 . 1 .
Mild 3(6.4) 8(11.4) 2.18(1.11-4.28) 0.023 34(1.51-7.63) 0.003
Moderate 18 (38.3) 26 (37.1) 1.77(0.95-3.29) 0070 265 (1.34-5.23) 0.005
Severe 10(21.3) 28 (40.0) 2.21(1.21-4.03) 0.009 2.06(0.96-4.43) 0.063
Peripheral Vascular Disease
No disease 35(74.5) 41(586) 1 . 1 .
Claudication 10 (21.3) 19(27.1) 1.21(0.87-1.7) 0259 1.39(0.88-2.2) 0.162
Gangrene 0(0.0) 7(10.0) 1.85(1.51-2.28) <0.001 1.26(0.71-2.24) 0.424
DVT 2(43) 3(43) 1.11(0.53-2.35) 0.781 1.74(0.44-6.89) 0433
Hba1C 6.5%, n (%)
Less than 6.5% 14 (29.8) 13(186) 1 .
6.5 and above 33(70.2) 57 (81.4) 1.32(0.86-2.01) 0.205 - -
Blood Pressure class
Normal 19 (404) 28 (40.0) 1 . .
Hypertension 28 (59.6) 41 (586) 1(0.73-1.36) 0.987 1.05(0.64-1.73) 0.851
Hypotension 0(0.0) 1(14) 1.68(133-2.13) <0.001 1.93(0.56-6.64) 0.296
Size of DFU in cm
1to5 34(72.3) 22(314) 1 . 1 .
5t010 13(27.7) 29 (414) 1.76(1.2-2.58) 0.004 1.51(1.01-2.27) 0.047
Over 10 0(0.0) 19 (27.1) 2.55(1.84-3.53) <0.001 246(1.38-4.39) 0.002

UgShs: Ugandan shillings; 1US dollar ($)=3800ugShs (01, September, 2022); M: million; DVT: Deep venous thrombosis, CPPR: crude prevalence risk ratio, APPR:

adjusted prevalence risk ratio

however, our results did not support this association.
This could be explained by the finding that most patients
had normal BMI.

The majority of DFU patients in this study had poor
blood sugar control, although this did not appear to be
a risk factor associated with severe DFU. This result is
different from what has reported in a recent systematic
review and by Bekele in Ethiopia where uncontrolled
glycemia was significantly associated with severe DFU
[9, 42]. Although poor blood sugar control was not asso-
ciated with severity of DFU in this study, there is still a
need to stabilize the sugar levels of all DFU patients.

The majority of DFU patients presented with severe
DFU, a finding similar to a report by Smith-Strem in
Norway [43]. However, contrary findings have been

reported by Jalilian and colleagues in a systematic review
where a higher proportion of patients had less severe
DFU [9]. Development of clear guidelines on prevention
and cure of DFU with evidence-based specifics for our
setting could help reduce the burden of complications
due to DFU.

Most patients had Wagner classification Grade 3 DFU
which is in agreement with results of a study in Sri Lanka
[22]. However, studies from Ethiopia and India, have
reported Wagner classification Grade 2 DFU to be the
most common among diabetic patients [44—46]. This
calls for emphasis on education of patients living with
DM to seek medical consultation early in case of any foot
wound to reduce progression to severe DFU and its com-
plications in our setting.
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Living in a rural area, having a long duration of DM
of type 2 or having a history of DFU for more than 6
months was not associated with severity of DFU in this
study, although these factors have been reported else-
where to be associated with development of severe DFU
[9,17, 22].

Our results showed that DFU among patients was
mostly on the right foot which concurs with the results
of Smith-Strem H in Norway [43]. Most patients in
this study had DFU measuring less than 10cm? which
was similar to a study in India where DFU measur-
ing<10cm?was the most common [47].

Many factors have been reported to be associated with
the severity of DFU. In this study, a number of factors
were identified to be associated with severe DFU and
these included neuropathies and the size of the ulcer.
This result is similar to a study in Ethiopia where neu-
ropathies were 4 times more likely in patients with severe
DEFU [47]. This study showed that the larger the ulcer, the
more likely it was to be severe. Therefore, DFU should be
treated early and effectively to avoid progression towards
severity. Ambageda in Sri Lanka did not find any signifi-
cant association between any factor and severity of DFU
[22]. Several studies have reported factors associated
with severity of DFU among DM patients [22, 28, 41].
A study in Norway found the duration of the ulcer to be
associated with the severity whilst a systematic review
by Campbell reported that high HbAlc b was associ-
ated with increased severity of DFU [22, 28, 41] and in a
systematic review by Jalalian, the location of DFU on the
plantar region was associated with increased severity of
DEFU [9]. Since factors affecting the severity of DFU seem
to vary from region to region, location-specific research
is recommended in order to contextualize the mitigation
of complications of DFU.

Limitations and strength of this study

The study was hospital-based and this limits the gener-
alization of the results to the entire Ugandan population.
Patients interviewed may withhold some information
but, in this study, they were assured of confidentiality
to avoid this bias. The other limitation is the nature of
being a cross-sectional study, where the causal relation-
ship between the contributing factors and the severity of
DFU could not be established. Assessment of the vascu-
lar insufficiency should have been done using a Doppler
scan or CT angiogram which are the recommended tests,
however we used the ABI, which was not performed on
all patients because of extensive lesions around the ankle
joint in some of these patients. The study did not capture
data from northern Ugandan and from all major hospi-
tals of Eastern Uganda due to limitation of funds. The
strength of this study lies in its multi-center approach and
as data was collected concurrently, there is a possibility of
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generalizing to the catchment area of the study. However,
a nationwide prospective study on severity of the DFU
and outcomes in the region is proposed.

More attention should be focused upon treating aggres-
sively the neuropathy to prevent extension of the wound.

Conclusion

Most patients were from western Uganda and have poor
health-seeking behavior leading to late consultation in
diabetic clinics when the condition is rather severe. The
majority of patients had severe DFU and grade 3 was the
most common. The dorsum of the right foot was most
affected with ulcers and the majority of patients had poor
blood sugar control. Primary and secondary educational
level, moderate and severe vision loss and eating fre-
quently vegetables were less likely to be associated with
severe DFU. There was an association between age of
70-95 years, neuropathies, ulcer size of more than 5 cm
and severity of the DFU. Therefore, there is a need to
control blood sugar, effectively treat any neuropathy as
early as possible and to focus upon patient education to
encourage early consultation and prevent the complica-
tions associated with severe the DFU.
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