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Introduction: Diabetic foot ulcer and amputation are associated with an increased incidence of morbidity and mortality. Diabetic foot ulcer
can be prevented by screening for risk factors and proper interventions. Objectives: We aimed to determine the risk of diabetic foot ulcer and
amputation among patients with type 2 diabetes at Benghazi Medical Center diabetic clinic. Patients and Methods: A cross-sectional study of
diabetic foot status and risk factors in diabetic patients attending a specialist diabetes clinic in Benghazi, Libya. Results: Eighty-seven (84.5%)
patients wear inappropriate shoes, 37 (35.9%) had Tinea pedis, 26 (25.2%) had foot deformity, 13 (12.6%) patients had bilateral hallux valgus
deformity, 8 (7.8%) patients had clawing of feet, 2 (1.9%) patients had Charcot joint, and one patient (0.97%) had amputated toes. Dorsalis
pedis and posterior tibial arteries pulsations were not palpable in six (5.8%) patients, there was a loss of protective sensation among 20 (19.4%)
patients, vibration sense was absent in 15 (14.6%) patients, and joint position sense was lost in five (4.9%) patients. According to Scottish
Intercollegiate Guideline Network system, 59 (57.3%) patients were in the low-risk category, 18 (17.5%) were in the moderate-risk, 22 (21.4%)
were in the high-risk, and 4 (3.9%) were in the active disease categories. Conclusions: We conclude that the prevalence of diabetic foot risk
factors is high among the studied group.
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factors and proper intervention can prevent the development of
diabetic foot ulceration and amputation. The applicability of
internationally developed risk assessment schemes and clinical
management guidelines to local and regional circumstances
is a prerequisite for their implementation. Hence, this study
examined the characteristics and risk factors of diabetic foot
disease in a new location.

INTRODUCTION

Diabetes mellitus (DM) is one of the common diseases
worldwide. Diabetic foot ulcer and amputation are related
to increased mortality, morbidity, as well as economic and
psychological burden, among diabetic patients. The global
incidence of diabetic foot ulcer is 6.3%, and its incidence
in Africa is 7.2%."" There is a 30-fold greater risk of lower
limb amputation and a 10-fold greater risk for foot infection
among diabetic patients in comparison to individuals without
diabetes.* In one study in Libya, 1.1% of diabetic patients
had lower limb amputation.™

Patients AND MEeTHODS

Design
We aimed to determine the characteristics and risk factors
for diabetic foot ulceration and amputation among patients

Risk factors of diabetic foot ulcer include peripheral i - -
with type 2 DM (T2DM) at Benghazi Medical Center (BMC)

neuropathy, peripheral vascular disease, foot deformity,

callus, previous foot ulcer, previous lower limb amputation,
end-stage renal disease, poor vision, inability to reach feet, poor
glycemic control, and tobacco smoking.[>! There are several
risk stratification systems for predicting the development of
diabetic foot. The Scottish Intercollegiate Guideline Network
system (SIGN), which has a high diagnostic accuracy, is easy
to use and inexpensive.[%”! Early detection of diabetic foot risk
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study was approved by the Research Ethics Board at the BMC.
A sample of 103 patients with T2DM, who were referred to
the BMC diabetic clinic, were studied during the period from
February 2017 to September 2017. Patients were interviewed,
and foot examination was recorded.

Evaluations

Assessments included inspection for inappropriate footwear
(too short shoes, high heel shoes, pointed-toe shoes, and
narrow-rounded shoes), skin discoloration, fungal infection
between toes, foot deformity, callosity, nail abnormality,
Charcot joint, and foot ulcer. Vascular assessment was
performed by palpation of dorsalis pedis and posterior tibial
arteries. Testing for loss of protective sensation using a 10-g
Semmes-Weinstein monofilament at five points in each foot,
inability to feel the monofilament on more than one out of ten
sites is considered as altered sensation.’®?! Vibration using a
128 Hz tuning fork, and joint position sense were also tested.

Risk factors

Recorded data include age, gender, duration of diabetes,
history of end-stage renal disease, tobacco smoking, a history
of previous ulcer or amputation, proliferative retinopathy,
poor vision, and the ability of patients to reach their feet.
Body weight and height were measured, and body mass
index (BMI) was calculated. Blood pressure was measured;
glycated hemoglobin (HbAlc), low-density lipoprotein
cholesterol (LDL-C), triglycerides, and high-density
lipoprotein cholesterol (HDL-C) were measured; and results
were interpreted according to the American diabetes association
guidelines 2018; a systolic blood pressure of >140 mmHg and
a diastolic blood pressure of >90 mmHg were considered
as an elevated blood pressure. A glycated HbAlc of >7% is
considered as elevated, and an LDL-C of >100 mg/dl and
triglycerides of >150 mg/dl were considered elevated, and an
HDL-C of <40 mg/dL for men and <50 mg/dL for women was
considered abnormal.['")

Risk stratification

Diabetic foot risk stratification was interpreted according to the
SIGN risk scale updated in November 2017.1" Low-risk foot
has no risk factors present and no loss of sensation or absent
or diminished pulses. Moderate risk has one risk factor present
such as loss of sensation, absent or diminished pulses without
a callus or deformity, and significant visual impairment or
physical impairment. Whereas in the high-risk foot, there is a
history of previous amputation or ulceration or two or more risk
factors present such as loss of sensation, absent or diminished
pulses, peripheral arterial disease, foot deformity with a callus,
preulcerative lesions, or end-stage renal failure. Finally, the
active disease is indicated by the presence of active ulceration
or suspected Charcot foot, severe or spreading infection, or
critical limb ischemia.!”!

Statistical analysis
Data were analyzed using the SPSS Statistics version 24 (SPSS
Inc., Chicago, IL, USA). Variables were expressed as numbers,

percentages, mean, and standard deviation as appropriate.
Differences between the variables were explored using
Chi-square test, and P < 0.05 was considered statistically
significant.

ResuLts

Demographic and clinical characteristics

There were more females than males in the sample. The
mean age was 57 years, and the mean duration of diabetes
was 9 years. A history of previous ulcer or amputation was
present in two patients, and six patients were smokers.
One-fifth could not reach their feet. Two-thirds had an
elevated HbAlc, and 16.5% had an HbAlc of >10%. BMI
was >30 among 45.5% (10/22) of males and 74% (60/81)
of females (P = 0.03). Thirty-nine (37.9%) patients had high
blood pressure, 51 (49.5%) patients had an elevated LDL-C,
26 (25%) patients had high triglycerides, and 56 (54%)
had a low HDL-C [Table 1]. The prevalence of positive
microalbuminuria was 63.6% (14/22) among males, and
38% (31/81) among females (P = 0.07).

Physical characteristics

The relevant physical examination findings are shown in
Table 2. Fungal infection and skin callosities were common.
Bilateral hallux valgus deformity was common and clawing
of feet was less common. Charcot joint deformity was seen in
two patients. Ingrowing nails and onychomycosis were seen
in a smaller number (six and three, respectively) while one
patient had amputated toes in one foot, bilateral overriding toes

Table 1: Demographic, clinical, and metabolic profiles of
the study population

Variables Details
Gender (%)

Males/females 22 (21.4)/81 (78.6)
Age (years) 57.7+11.5
Duration of diabetes (years) 948
History of previous ulcer/amputation (%) 3(2.9)/1 (0.97)
Cannot reach their own feet (%) 22 (21)
Current smokers (%) 6(5.8)
Inappropriate footwear (%) 87 (84.5)
BMI >30 kg/m? (%)

Males 10 (45.5)*

Females 60 (74)
High BP (%) 39(37.9)
HBAlc above 7%/10% 68 (66)/17 (16.5)
Elevated LDL-cholesterol (%) 51(49.5)
High serum triglycerides (%) 26 (25)
Low HDL-cholesterol (%) 56 (54)
Microalbuminuria

Males 14/22 (63.6)**

Females 31/81 (38.0)

Data are presented as either 7 (%) or mean=SD. Males versus
females*P=0.03; **P=0.07. SD: Standard deviation, BMI: Body
mass index, BP: Blood pressure, LDL: Low-density lipoprotein,
HDL: High-density lipoprotein, HBAlc: Glycated hemoglobin
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were seen in another, and four patients had a new foot ulcer.
Absent foot pulses and ischemic skin changes were seen in
six patients. There was a loss of protective sensation among
the fifth of the study population [Table 2].

Risk stratification

The diabetic foot risk stratification according to SIGN is
summarized in Table 3. The frequency of selected risk factors
and comorbidities in patients with different risk classes
are shown in Table 4. All patients with active disease and
36% of patients with high risk have a duration of diabetes
longer than 10 years. BMI >30 was common in all levels
of risk and active disease [Table 4]. An elevated HbAlc
occurred in all risk classes. Many patients had high serum
lipid measurements, but these did not show a consistently
linear trend between categories. Proliferative retinopathy
was found with increasing frequency in increasing risk
profiles [Table 4]. Rates of positive microalbuminuria
increased with rising risk classes but not including patients
with active disease. The frequency of tobacco smoking was
low among various risk groups, and the four patients with
active disease were nonsmokers.

Discussion

According to the Libyan national survey of risk factors for
noncommunicable diseases, the estimated prevalence of
diabetes in Libya is 16%.!"] To the best of our knowledge, this
is the first study in Libya that determines the risk for diabetic
foot ulcer among diabetic patients.

Most of the studied groups were wearing inappropriate shoes.
According to one study, 39% of diabetic patients were wearing
inappropriate shoes, and 43% of women reported wearing high
heel shoe; in another study, 48.5% of women and 69% of men
were wearing wrong size shoes.'>!3] The possible causes of
lack of adherence to an appropriate foot wearing in our study
would be most likely resulting from lack of education and the
expensive cost of proper diabetic shoes.

The frequency of Tinea pedis is in agreement with the published
literature.l'! Onychomycosis prevalence was lower than that in
other studies.!"*!") Hallux valgus is the most universal deformity
in this study, and its frequency is lower than the estimated
prevalence of hallux valgus in the community (21%—70%).1!6-18]
The prevalence of Charcot joint in our study is similar to its
prevalence in other studies (0.08%—7.5%).I"" Charcot’s joint are
been associated with increased risk of a diabetic foot ulcer.*

The evidence of peripheral vascular disease in our study is low
in comparison with the literature.[**'! The frequency might be
underestimated because we use clinical assessment rather than
the ankle-brachial index.

The most frequent neurological abnormality was the loss of
protective sensation followed by the loss of vibration sense
while the loss of joint position sense was the least common.
A loss of protective sensation is an established predictor for
diabetic foot ulcer. For instance, in one study loss of protective

Table 2: The frequency of abnormal physical examination
findings in the feet

Findings

Frequency, n (%)

Tinea pedis infection 37(35.9)
Bilateral hallux valgus deformity 13 (12.6)
Clawing of feet 8(7.8)
Charcot joint 2(1.9)
Amputated toes of one foot 1(0.97)
Bilateral overriding toes 1(0.97)
Skin callosity formation 69 (67)
Ingrowing nails 6(5.8)
Onychomycosis 3(2.9)
New foot ulcer 4(3.9)
Absent pulses with ischemic skin changes 6(5.8)
Loss of protective sensation 20 (19.4)
Loss of vibration sense 15 (14.6)
Loss of joint position sense 5(4.9)

Table 3: Scottish Intercollegiate Guideline Network-based
risk stratification by gender

Risk All (103) Males (22)  Females (81)
stratification (%) (%) (%)
Low 59(57.3) 10 (45.5) 49 (60.5)
Moderate 18 (17.5) 3(14) 15 (18.5)
High 22 (21.4) 8(36) 14 (17)
Active disease 4(3.9) 1(4.5) 33.7)

sensation was detected in 80% of patients with previous foot
ulcer.?”

Patients with moderate and high risk also had a high prevalence of
elevated HbA1C, an elevated LDL-C, and low levels of HDL-C
and obesity. They also had a high frequency of proliferative
retinopathy and microalbuminuria, with a significantly higher
prevalence of proliferative retinopathy among females.

Patients with low risk for diabetic foot according to SIGN have
one or more of the other risk factors for diabetic foot ulcer
when considering other risk stratification systems like Boyko
et al.; making them still at increased risk for the development
of diabetic foot ulcer.!*!

More than 60% of moderate, high risk and active disease in the
studied group were obese particularly among females. Obese
people can reach feet with difficulty, and they have an increased
risk of callus formation and hallux valgus deformity. According
to a large retrospective cohort study, diabetic foot ulcers were
more prevalent among patients with BMI of more than 30.7%%

Tobacco smoking was not prevalent in the studied group.
According to a survey of risk factors for noncommunicable
diseases in Libya, the prevalence of smoking was more than
50%." The small number of smokers in this study could be
attributed to the fact that female patients in the study were
more than males and smoking prevalence among Libyan
females is low.
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Table 4: Scottish Intercollegiate Guideline Network-based risk stratification by comorbidity and risk factors

Risk factors and comorbidity Low (59) (%) Moderate (18) (%) High (22) (%) Active disease (4) (%)
BMI >30 40/59 (68) 11/18 (61) 16/22 (73) 3/4 (75)

High HbAlc 35/59 (59) 10/18 (55.6) 19/22 (86) 4/4 (100)

High serum LDL-cholesterol 26/59 (44) 10/18 (55.6) 14/22 (63.6) 1/4 (25)

Low serum HDL-cholesterol 32/59 (54) 12/18 (66.7) 10/22 (45.5) 2/4 (50)

High serum triglycerides 15/59 (25) 7/18 (38.9) 4/22 (18) 0/4 (0)
Proliferative retinopathy 26/59 (44) 9/18 (50) 13/22 (59) 4/4 (100)
Microalbuminuria 22/59 (37) 11/18 (61) 14/22 (63.6) 1/4 (25)
Smoking 4/59 (6.7) 1/18 (5.5) 1/22 (4.5) 0/4 (0)

BMI: Body mass index, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, HBAlc: Glycated hemoglobin

CoNCLUSIONS

We conclude that the patients in our study have many risk
factors for diabetic foot ulcer, and nearly half of them were
among moderate-risk, high-risk, and active disease categories.
Development of diabetic foot screening clinics and diabetic foot
care and education programs are urgently needed.
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