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Abstract

Objective: The present study aimed to assess the frequency of types of foot ulcers, and its clinical
features among diabetic patients.

Methods: This prospective cross-sectional study was conducted at the Medicine Department of Paki-
stan Institute of Medical Sciences, Islamabad, between July to December 2019. A total of 133 diabetic
patients presenting at the study site for foot ulcer treatment were recruited after obtaining informed
consent. The foot ulcers were classified as neuropathic, ischemic ulcer, or neuroischemic. The sever-
ity/degree of the ulcer was determined using an internally developed ten points scoring system in
which a score of 3 was considered as non-severe ulcers, 4 to 6 score was considered as mild/
moderate disease,<and a score >6 was referred as a severe disease for neuropathic and ischemic
ulcers. Further, neuroischemic foot ulcers were established if a score of e 3 (each) was obtained in
the sensory examination score for neuropathy and vascular examination scere for ischemic ulcer. The
collected data were analysed using SPSS version 22.0.

Results: There was a high frequency of neuropathic ulcers (69.2%) among the enrolled diabetic pa-
tients, followed by ischemic ulcer (30.8%) and neuroischemic (24.8%). The mean neuropathic scores
were significantly high among males (4.83 + 2.09) than females (4.02 £ 1.77) (p= 0.025). It was also
higher in those aged 50 years or greater (4.84 + 2.09) as compared to those with less than 50 years
of age (3.80 + 2.13) (p=0.01). While the mean vasculopathic scores were quite similar between the
two genders and age groups i.e. p=0.772 and p=0.125, respectively.

Conclusion: Neuropathic ulcers were the most frequent type of diabetic foot ulcer. Increased severity
of these foot ulcers was observed with advancing age.
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Introduction

Diabetes mellitus is the most common endoc-
rinopathies, and it comes with numerous side eff-
ects. It is characterized by the hyperglycemic inc-
idence in response to impaired insulin secretion or
action or both. It is a global public health eme-
rgency of the 215t century approaching epidemic
proportions’.
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The International Diabetes Federation (IDF) rep-

orted 537 million adults (between 20-79 years) worl-
dwide have diabetes, accounting for one in every
ten people. By 2030, this number is expected to
increase up to 643 million, and 783 million by
2045, with 6.7 million fatalities, or one every five
seconds?. In Pakistan, one in every four adults, i.e.
26.7%, are diabetic. After China and India have 141
million and 140 million diabetics respectively, Pak-
istan presently has the world’s third-largest diabetic
pop-ulation, i.e., 33 million. Additionally, 11 million
of Pakistan’s population have impaired glucose
toler-ance (IGT), putting them at a high risk of
acquiring type-2 diabetes?.
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Diabetes mellitus can cause foot ulcers, which

are a major limb-threatening condition. Diabetic fo-
ot iliness is a typical reason for surgical ward adm-
issions, and it is sometimes the first sign of this
severe disease. Patients with diabetes mellitus ha-
ve an increased chance of developing kidney dise-
ase. Compared to their non-diabetic counterparts,
diabetic patients have greater lower extremity iss-
ues. Amputation is a possibility in 25% of cases of
foot ulcers. As a result, diabetic foot disease has
significant medical, societal, and economic implica-
tions. If proper protocol is not followed, it is extre-
mely difficult to treat, resulting in a lengthier hosp-
ital stay. The occurrence of a full-thickness lesion
distal to the ankle is described as a diabetic foot
ulcer®. Diabetic foot ulcer is more frequently repor-
ted among those having type 2 diabetes mellitus,
with a prevalence of 6.3% globally*.

The most frequent ulcer type is neuropathic,
which is caused by tissue damage that is mainly
linked to putting mechanical weight on foot®. Any
blood vessels injury leading to peripheral arterial
disease is one of the well-known macrovascular
consequences of diabetes mellitus. Diabetics have
a higher incidence of peripheral arterial disease,
which can lead to the formation of foot ulcers®.
Poor blood glucose control reduces collagen cross-
linking and matrix metalloproteinase action, which
has a negative impact on wound healing®. Hyper-
glycemia also impairs the function of polymorph
nuclear leukocytes, increasing the risk of onycho-
mycosis and toe-web infections, as well as skin
damage’.

There are multiple health and socioeconomic

problems that have a profound effect on the quality
of life of patients with diabetic foot ulcers, as it not
only brings health challenges but also increases
the overall economic burden of the household?. Alt-
hough the condition is largely preventable, yet it
accounts for a hospital stay with longer durations
and increases lifetime risk®.

As diabetic foot ulcers are currently the leading

cause of hospitalization and lower limb amputation
among diabetics, it is critical to screen all diabetic

patients to identify those who are at risk of
developing foot ulcers. The aim of the present
study is to determine the local epidemiology of
types of diabetic foot ulcers, frequency of hallmark
clinical features via a ten-point scoring system and
its clinical features in Islamabad and neighboring
regions.

Patients and Methods
This hospital-based prospective cross-sectional

study was conducted at the Medicine Department
of Pakistan Institute of Medical Sciences, Islama-
bad, from July to December 2019. The ethical
approval was obtained for the study from the Ho-
spital Ethical Board prior to initiation (Reference
no: F.1-1/2019/ERB/SZABMU/176; Dated 4™ June
2019), and patient consent was acquired before
enroliment.

Using WHO sample size calculator with level of

significance 5%, power of test 99%, test value of
prevalence for neuropathic ulcers using the refere-
nce study 0.74 while anticipating an equal distr-
ibution in our population at 0.50, the sample size
was calculated to be 99'4. Patients of age 15 to 60
years who were diagnosed cases of type 1 or type
2 Diabetes Mellitus and presented with foot ulcers
were included. Patient with known history of foot
trauma, psychiatric illness, pregnant females or
those with sepsis or multiorgan failure were excl-
uded. A total of 140 patients fulfilling inclusion crit-
eria were consulted for enrollment out of which 7
refused to give consent. Remaining 133 patients
were enrolled in the study via non probability con-
secutive sampling technique.

A ten-point scoring system was developed to

label the patients as having either diabetic neuro-
pathic ulcer, diabetic ischemic ulcer, or neuroisc-
hemic ulcer. The severity/degree of the ulcer was
determined. Patients with a score of up to 3 were
labeled as having non-severe ulcers, 4 to 6 score
indicated mild/moderate disease, and a score >6
referred severe disease for neuropathic and ische-
mic ulcers. Neuroischemic foot ulcers were establ-
ished if a score of 3 or more was obtained in each
of the two examination components (Sensory exa-
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mination score for neuropathy and vascular
examination score for ischemic ulcer). All patients
underwent a complete examination, including ank-
le-brachial index (ABI), monofilament testing, vibra-
tion sensations, reflexes, and examination of the
peripheral pulses (Appendix I).

The data was recorded using a predesigned

questionnaire, patients’ demographic (age and
gender), and ulcer-related characteristics, including
vasculopathic characteristics (site, number of ulc-
ers, pain, involvement of appendages, dorsalis pe-
dis, posterior tibial, and ankle-brachial index), and
neuropathic characteristics (proprioception, vibrat-
ion, reflexes, and monofilament testing) were recor-
ded. The analysis was performed on SPSS version
22.0. All qualitative variables were expressed as
frequency and percentages, while the mean and
standard deviation were used to display the qua-
ntitative variables. An independent sample T-test
was used to assess the variation in the vasc-
ulopathic and neuropathic pain scores with respect
to age and gender, where a p<0.05 was consi-
dered statistically significant.

Results

A total of 133 patients presenting to the diabetic
foot clinic were evaluated for the type of ulcer.
Their mean age was 56.53 + 9.43 years, and out of
them, 64.7% were males. The data regarding vasc-
ulopathic and neuropathic characteristics are sho-
wn in table 1. Solitary ulcer was present in 78.2%
of patients. The pain was mostly absent (58.6%),
and abnormal involvement of appendages were
observed among 53.4% of cases. ABI was >0.9
among 81.2% of the patients. Among the neuro-
pathic characteristics, proprioception was absent
among 78.9% of the patients, vibrations and refle-
xes were observed among 8.3% and 31.6% of the
cases, respectively (Table 1).

Out of 133, thirty-three (24.8%) patients had
neuroischemic ulcers, 92 (69.2%) had neuropathic
ulcers, and 41 (30.8) had vasculopathic ulcers (Ta-
ble 2). Observing the ulcer severity, 51.9% of those
with neuropathic ulcers had mild/moderate severity,
and a majority of those with ischemic ulcers had

non-severe ulcers (66.9%) while 27.1% had mild to
moderate ulcer severity.

The mean neuropathic scores were significantly
high among patients aged =50 years (4.84 + 2.09)
than those <50 years (3.80 + 2.13) (p=0.01). Wh-
ile the mean vasculopathic scores were quite sim-
ilar between the two age groups (p=0.125) (Table
3).

The gender-based distribution showed that there
was a significant difference in the mean neurop-
athic scores among males and females (4.83 +
2.09 vs. 4.02 £ 1.77; p=0.025), whereas the vasc-
ulopathic scores were similar in both males and
females (p=0.772) (Table 3).

Table 1. Baseline characteristics of the patients enrolled
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Baseline Variables n=133
Age (year); Mean + SD 56.53 + 9.43
< 50 years 35(26.3)
> 50 years 98(73.7)
Gender Male 86(64.7)
Female 47(35.3)
Vasculopathic Characteristics
Site Atypical 53(39.8)
Typical 80(60.2)
Number of Ulcers
One 104(78.2)
More than one 29(21.8)
Pain Absent 78(58.6)
Present 55(41.4)
Involvement of appendages
Normal 62(46.6)
Abnormal 71(53.4)
Dorsalis Pedis Palpable 11(86.5)
Not palpable 18(13.5)
Posterior Tibial Palpable 91(68.4)
Not Palpable 42(31.6)
Ankle-Brachial Index Greater than 0.9 108(81.2)
0.7 - 0.9 25(18.8)
Lower than 0.7 -
Neuropathic Characteristics
Proprioception Absent 105(78.9)
Present 28(21.1)
Vibration Present 11(8.3)
Absent over the big toe 68(51.1)
Absent over the medial malleolus 39(29.3)
Absent till the shin 15(11.3)
Reflexes Present 42(31.6)
Ankle Absent 91(68.4)
Knee Absent -
Monofilament Testing Normal -
Less than 3 33(24.8)
4-6 55(41.4)
7,8 28(21.1)
9,10 17(12.8)
24
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Table 2. Frequency of ulcers among patients with diabetic
foot

Type of Ulcer Severity of Ulcer N(%)
Neuropathic Ulcer Non-Severe Ulcers 41(30.8)
Mild/Moderate 69(51.9)
Severe 23(17.3)
Non-Severe Ulcers 92(66.2)
Ischemic Ulcer Mild/Moderate 34(25.7)
Severe 7(5)
Neuroischemic Ulcer 33(24.8)

Table 3. Variation in the neuropathic and vasculopathic
ulcer scores with respect to age and gender

Variables Neuropathic Scores Vasculopathic Scores

Gender Male 4.83+2.09 2.89+2.04
Female 4.02+1.77 2.78+2.07
p-value 0.025* 0.772

Age Group < 50 Years 3.80+£2.13 2.40+1.63
> 50 Years 4.81+£1.91 3.02+2.16
p-value 0.01* 0.125

*p<0.05 is considered significant

Discussion

As known, diabetes has been linked to num-
erous long-standing complications affecting various
body systems'®, namely microvascular complicat-
ions like nephropathy, retinopathy, neuropathy, and
macrovascular complications like atherosclerosis
and stroke'®'", Lower limb problems in adults with
diabetes have become a major health concern, with
rates rising in both developed and developing
nations'>'3, Hence, the present study aimed to
assess the frequency of diabetic foot ulcer types.
Utilizing a 10 point scoring system, ulcers were
classified into neuropathic, ischemic, and neuroisc-
hemic. The maximum frequency was that of neuro-
pathic ulcers (69.2%) followed by ischemic, and
then ulcers having both neuropathic and ischemic
characteristics, which is quite similar to that
reported by another study, i.e. 74%, 19%, and 7%
of the diabetic patients had neuropathic, neuroisch-
emic and ischemic ulcers, respectively'.

A multicentre cross-sectional study in Pakistan
assessed the prevalence of diabetic foot. The stu-
dy did not classify the ulcer into ischemic or
neuropathic, however the examination findings like
monofilament test, vibration assessment, and pul-
ses were assessed. A higher percentage of neu-
ropathic abnormalities, which is quite consistent

with a high prevalence of neuropathic ulcers, were
observed'. Another large sample-based study
demonstrated a higher prevalence of neuropathic
ulcers; they observed a significant reduction in
amputations with the implementation of training and
services. The study also demonstrates a higher
prevalence of diabetic foot ulcers among the male
gender, which is also consistent with our study’S.
Younis et al. revealed the prevalence of neuropathic
foot ulcers as high as 74%, a value quite close to
the present study. The study also demonstrates a
higher prevalence in males. The patients who had
diabetic foot ulcers were older as compared to the
diabetics who didn’t have foot ulcer'.

Upon stratification with respect to age, it was

found that the majority of the enrolled diabetic
patients (73.7%) were greater than 50 years of
age. The average age of the participants was 56.3
years, indicating that greater age is related to a
poorer outcome, most likely due to a delayed
immunological response to infection and the pres-
ence of certain other comorbidities that hinder
healing, such as reduced vascular blood flow. It can
be seen that the mean neuropathic scores were
significantly high among patients aged =50 years
than those <50 years (p=0.04), while the mean
vasculopathic scores were quite similar between
the two age groups. A significant number of
patients >50 years developed neuropathic (73.4%),
vasculopathic (37.7%), and neuroischemic foot
ulcers (29.6%), which is also supported by prev-
ious data'. Younis et al. reported the development
of foot ulcers in 89% of the patients aged >45 ye-
ars while only 11% were younger'“.

Among the two studied risk factors, age and

gender, only age was found to be significantly ass-
ociated with a high prevalence of foot ulcers. A
similar Sudanese study studied the association of
risk factors including age, gender, diabetes dur-
ation, hypertension, dyslipidemia, retinopathy, and
albuminuria with the prevalence of diabetic foot
ulcers. They found a significant association betwe-
en the duration of diabetes and ulcer prevalence'®.
Another local study from Karachi also supports our
findings'®. Other than these factors, increased BMI
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has also been linked to a significant risk of
diabetic foot ulcers among patients with diabetes
mellitus. Although this factor isn’t studied in the pr-
esent population, a study from Ethiopia also supp-
orted that obesity increases the risk of athero-
sclerosis and subsequently decreases the blood
supply to lower extremities making the environment
suitable for bacterial growth resulting in diabetic
foot ulcers?.

Furthermore, a systematic review also deter-

mined that residing in rural areas has a significant
association with the frequency of diabetic foot
ulcers; the possible cause may be the lack of
awareness regarding self-care. The deficient self-
care practices, walking barefoot increases the exp-
osure to bites and injuries, enhancing the risk of
feet ulceration with ultimately decreased wound
healing among diabetic patients. Studies also dem-
onstrated that prolonged disease duration increa-
ses the likelihood of foot ulcers among diabetic
patients. As long as the diabetic patient is living
with the disease, the risk of occurrence of diabetic
foot ulcer also increases because the disease
severity escalates over time if not controlled adeq-
uately®. Last of all, the frequency of diabetic foot
ulcers is also affected by the existence of callus
on the feet, which may develop due to peripheral
neuropathy, mostly associated with reduced blood
supply. Deformity and loss of sensations cause
persistent abnormal pressure on the foot leading to
keratinization and callus formation, which ultimat-
ely predisposes an individual to a diabetic foot
ulcer.

Though diabetic foot ulcers is preventable; how-
ever still increased morbidity, mortality, and hospit-
alization rate have been associated with the cond-
ition. Therefore, the literature highly suggests scre-
ening of all diabetic patients for early diagnosis of
those at higher risk of foot ulceration. Patient hea-
Ith education, self-examination, self-care practices,
and controlled blood glucose concentration are am-
ong the primary recommended preventive meas-
ures for foot ulcers. Moreover, for prevention and
control of serious complications associated with th-
e limbs, the physicians must have in-depth and up-
dated information regarding the disease.

The limitations of this study include the inability

to assess the past history in order to determine the
recurrence of diabetic foot ulcers. The subjects co-
uld have been followed prospectively until the out-
come was amputation. Fasting blood glucose lev-
els and HbA1c levels were not assessed, that
signific-antly correlates with types of ulcers. The
strengths of the study include the utilization of a
ten score system to effectively classify the ulcers
and com-pare patient characteristics based on
ulcer types. As the prevalence of diabetes in
Pakistan is accel-erating, so is the burden of
diabetic foot disease. There is a scarcity of foot
care specialists and clinics worldwide as well as in
Pakistan. In order to prevent the progression of
foot ulceration to limb amputation, patient
education regarding self-exam-ination of the foot is
essential. Moreover, the train-ing of family
physicians to perform routine foot exa-minations
could also help reduce the disease prog-ression
and complications. A better prognosis is ensured
by proper diabetic foot ulcers assessment and
management.

Conclusion

It is concluded from the study results that the
most frequent types of diabetic foot ulcers are
neuropathic with loss of proprioception being the
most common clinical feature. A rising trend in the
severity of these ulcers was observed with adva-
ncing age. Early recognition of signs of foot ulcer
and classification into neuropathic and ischemic is
recommended to ensure optimal management and
prevention of further complications. The ten point
scoring system may be employed in validation stu-
dies or to assess possible associations with clin-
ical outcomes.
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