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Context: Diabetes mellitus is a common disease which is prevalent globally, presenting with chronic
complications and constitutes a major risk to the patient. Diabetic foot ulcers are the single biggest risk
factor for non-traumatic lower limb amputations in persons with diabetes. We aimed to screen for the
chronic vascular diabetic complications in patients with diabetic foot ulcers (DFUs) and to assess the
association of diabetic foot ulcers with these complications in the study group.
Subjects and methods: This cross-sectional study included 180 type 2 diabetic patients (aged 30e70
years) with diabetic foot ulcers who attended the Outpatient Clinic of Diabetes in Alexandria Main
University Hospital. Full diabetic foot examination was done to all study subjects. DFUs were assessed
using University of Texas Diabetic Wound Classification System. HbA1c, LDL-C, serum creatinine, and
urinary albumin creatinine ratio (ACR) were measured for all study subjects. Estimated glomerular
filtration rate (eGFR) was calculated using CKD-EPI equation. Fundus examination was done for all study
subjects.
Results: The prevalence of diabetic kidney disease (DKD) and diabetic retinopathy (DR) was 86.1% and
90% respectively among the study group. 86.7% of patients had neuropathic DFUs, 11.1% of them had
ischemic DFUs and 2.2% had neuro-ischemic DFUs. Regarding diabetic peripheral neuropathy (DPN) and
peripheral arterial disease (PAD) as risk factors for developing DFU, the prevalence of both of them
respectively was 82% and 20% among the study group. There was statistically significant association
between both DKD, DR and peripheral neuropathy. There was also statistically significant association
between both DKD, DR and peripheral arterial disease (PAD).
Conclusion: Chronic vascular diabetic complications are common among type 2 diabetic patients with
diabetic foot ulcers. There is statistically significant association between these complications and diabetic
peripheral neuropathy (DPN) and peripheral arterial disease (PAD).

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The onset of type 2 diabetes mellitus (T2DM) is often insidious
and silent. The asymptomatic phase of hyperglycemia accounts for
the relatively high prevalence of complications at initial presenta-
tion [1]. The chronic hyperglycemia in diabetes mellitus (DM) is
associated with long-term damage, dysfunction and failure of
various organs including the eyes, kidneys, nerves, heart, and blood
vessels [2].

A large part of the burden of disease, as well as health care costs,
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are related to the development of chronic complications of diabetes
[3]. The resulting complications are grouped under microvascular
disease and macrovascular disease. Microvascular complications
include retinopathy, nephropathy and neuropathy [4]. The major
macrovascular complications include accelerated cardiovascular
disease resulting in myocardial infarction, cerebrovascular disease
manifesting as strokes and peripheral arterial disease [4].

Diabetic foot is one of the most serious, costly, and devastating
complications of diabetes, defined as a foot affected by ulceration,
associated with neuropathy and/or peripheral arterial disease of
the lower limb in a patient with diabetes [5,6]. Diabetic foot com-
plications are the leading cause of hospital admissions, lower limb
amputation and mortality in patients with diabetes worldwide [7].

Early recognition of patients with feet at risk for ulcers and
amputation and the appropriate management, offered by a
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multidisciplinary team, can reduce the rates of these outcomes [8].
Diabetic patients with diabetic foot syndrome have a mortality

rate greater than twofold when compared with non-ulcerated di-
abetics. In addition, the 5-year mortality rate following amputation
is estimated at 39e68%, a life expectancy comparable to aggressive
types of cancer or advanced congestive heart failure [9].

The factors that lead to lower limb amputation are diabetic
neuropathy, peripheral vascular disease, foot bone deformities, and
external trauma. The sensory dysfunction associated to foot de-
formities increases the risk of foot ulceration which may be
complicated by peripheral arterial disease (PAD), preventing the
proper healing process [10].

2. Subjects And Methods

This cross-sectional study included 180 type 2 diabetic patients
(aged 30e70 years) with diabetic foot ulcers who attended the
Outpatient Clinic of Diabetes in Alexandria Main University Hos-
pital in the period between July 2017 and December 2017.

After giving their consent, all study participants were subjected
to a full demographic and medical history assessment including
age, duration of diabetes, type of treatment, smoking, hypertension.
All patients underwent a complete physical examination including
measurement of height, weight, and calculation of bodymass index
(BMI).

Full diabetic foot examination was done to all study subjects
including inspection, testing for sensory neuropathy using 10 g
monofilament, assessment of vibration perception threshold (VPT)
[11], deep tendon reflexes, assessment of diabetic foot ischemia
(dorsalis pedis pulsation by palpation and hand-held doppler).

Calculation of ankle brachial index (ABI) was done. We used
University of Texas Diabetic Wound Classification System [12] for
assessment of the DFUs.

First-morning spot urine sample was obtained to assess urinary
ACR where albuminuria was defined by ACR �30mg/g Cr. HbA1c,
HDL-C, LDL-C and serum creatinine were measured for all study
subjects. The eGFR was calculated using CKD-EPI equation [13,14].
Fundus examination was done by an Ophthalmologist.

2.1. Statistical analysis of the data

Descriptive statistics (mean± SD, as well as frequencies and
percentages) which were computed for all clinical and de-
mographic variables, Student t-test and Mann Whitney test were
done. Spearman coefficient was used to find out correlation with
the studied parameters. P value� 0.05 was considered statistically
significant.

3. Results

Regarding demographic data, 53.3% of the study group were in
the age group from 50 to 60 years 75.6% were males, and 64.4% had
longer duration of diabetes for more than 10 years. In our study
population, 55.6% were smokers, 62.2% of themwere hypertensive,
and 64.4% were on insulin therapy. The mean BMI of the study
groupwas 29.08± 4.49 kg/m2, with 37.8% of themwere overweight
and 31.1% were obese.

The mean LDL-Cholesterol was 105.5 ± 27.11mg/dl and 62.2% of
the study group had abnormally high levels �100mg/dl, while the
mean HDL-cholesterol level was 40.02± 5.85mg/dl and 55.6% had
abnormally low levels (<40mg/dl for males and <50mg/dl for fe-
males). The mean HbA1C level was 10.10± 2.18% and 95.6% had
abnormally high level (HbA1C>7%).

Regarding the types of DFUs, 86.7% had neuropathic DFUs, 11.1%
had ischemic DFUs and 2.2% had neuro-ischemic type. Using
University of Texas Grading System, 44.4% of the study group had
grade I stage A ulcer, 17.8% had grade I stage B ulcer and 13.3% had
grade II stage A ulcer. Fig.1:

About 64% of the study group had loss of protective sensation
tested by 10 g monofilament and 82.2% had abnormal vibration
perception threshold (VPT). About 20% of patients had abnormal
ABI. The prevalence of diabetic retinopathy in the study group was
more than 90%. Regarding DKD, 86.1% had albuminuria and the
mean eGFR was 86.0± 25.84. There was statistically significant
association between albuminuria and VPT (p¼0.001) and ABI
(p¼0.031). There was no statistically significant association be-
tween albuminuria and severity of DFUs. VPT had significant
negative correlation with eGFR. Fig.2:

However, there was no statistically significant correlation be-
tween eGFR and ABI (See Table 1).

There was statistically significant association between diabetic
retinopathy and VPT (P¼ 0.008). Also there was statistically sig-
nificant association between diabetic retinopathy and ABI
(P¼ 0.001).

Regarding the association between DR and severity of DFUs,
93.1% of the study group who had grade I ulcer had non-prolifer-
ative diabetic retinopathy (NPDR), while two thirds of those who
had grade II and III ulcers had NPDR (61.5 and 66.7% respectively)
with statistically significant association between diabetic retinop-
athy and the grade of diabetic foot ulcers (p< 0.001). Fig. 3:

Ninety two percent of the study group who had stage A ulcer
had NPDR, 78.6% of those who had stage B ulcer had NPDR, all cases
with stage C ulcer (100.0%) had NPDR, while 66.7% of those who
had stage D ulcer had NPDRwith statistically significant association
between diabetic retinopathy and the stage of diabetic foot ulcers
(p¼<0.001). Fig. 3:

4. Discussion

In the present study, the results showed that diabetic foot ulcers
were common inmales, older age, longer duration of diabetes. Most
of the patients were smokers, hypertensive and on insulin therapy.
68.9% of the studied patients were either overweight (37.8%) or
obese (31.1%).

In agreement with the results of our study, systematic review
and meta-analysis through searching PubMed, EMBASE, ISI Web of
science, and Cochrane database was performed to study the global
epidemiology of diabetic foot ulceration and it was found that
diabetic foot ulcer was more prevalent in males than in females.
The patients with diabetic foot ulcers were older, had a lower body
mass index, longer diabetic duration, and had more hypertension
and smoking history [15].

Data suggested that diabetic foot was more common in male
diabetic patients than female patients. One explanation of this
gender difference might be the involvement in increased physical
work in males [15] added to that associated neuropathy making
them more prone to injury. Also it may be attributed to smoking
habits that are more predominant in males.

The contribution of obesity to the risk of diabetic foot ulceration
is inconclusive. Previous studies have revealed that obesity might
be associated with diabetic foot ulcers [16,17]. However, there are
also prospective studies showing that BMI has no significant cor-
relation with diabetic foot ulceration [18,19]. One study demon-
strated that the association between BMI and diabetic foot ulcers
was J-shaped, and patients with BMI <25 kg/m2 and BMI > 45 kg/
m2 were correlated with higher risk of developing diabetic foot
ulceration [20].

Leila Yazdanpanah et al. [21] found in a Population-Based Dia-
betic Foot Cohort (ADFC Study) Two Year Follow Up Study that
patients treated with insulin were more likely to develop foot



Fig. 1. Distribution of the study group according to University of Texas Ulcer Grading System.

Fig. 2. Correlation between eGFR and VPT.

Table 1
Correlation of eGFR with VPT and ABI.

EGFR

R p

VPT �0.257a <0.001a

ABI 0.120 0.108

r: Pearson coefficient.
a Statistically significant at p� 0.05.
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ulcers than were patients whose diabetes is managed with oral
antidiabetic agents or lifestyle modification alone.

Vibha et al. (22) , in agreement with the results of our study, in a
community-based study to assess the prevalence of diabetic foot
syndrome (DFS) and associated risk factors among people with
diabetes mellitus, found that the subjects with DFS were 4.5 times
more likely to be using insulin compared to oral hypoglycemic
agents (OHAs). This could be attributed to the fact that initiation of
insulin therapy implies later stages in the natural history of DM.
This also may correlate with association of DFS with longer dura-
tion of DM.

In the current study, it was found that poor glycemic control was
a significant risk factor for DFUs. These findings were confirmed by
other studies [23e25] that showed that poor glycemic control was
the main factor causing diabetic foot problems. Previous studies
have also shown that HbA1c was a contributory factor for DFU
[26,27] This may be because of hyperglycemia, which has been
considered a risk factor for the development of DFUs because of its
contribution toward the development of peripheral neuropathy
and microvascular complications [28].

Our study revealed that 86.7% of the studied patients had
neuropathic diabetic foot ulcers, 11.1% of them had ischemic dia-
betic foot ulcers while 2.2% had neuro-ischemic type. S. Bajaj et al.
[29] , during their study which has been conducted in the North of



Fig. 3. Relation between DR and severity (grading/staging) of DFUs.
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India, found that 30% of patients with diabetes with new ulcers
were having neuro-ischemic ulcers (NIUs) whereas 70% were
having neuropathic ulcers (NPUs). NIUs are on a rise as other au-
thors in more recent studies have also found NIUs ranging from
23.3% to 30.5% [24,30]. However, Chalya et al. reported neuro-
ischemic ulcers to be only 4.4% [31].

In the present study, the results showed that 64.4% of patients
had loss of protective sensations tested by 10 g monofilament and
82.2% of them had abnormal VPT. Regarding PAD, our study
revealed that only 20% of patients had abnormal ABI. Almobarak
et al. [32] agreed with the results of our study finding that the
prevalence of neuropathy in association with diabetic foot was
82.1%. Sharma et al. [33] and Vibha et al. [22] found that the
prevalence was 95.85% and 51.8% respectively. Other results were
observed in Indian studies done by George H et al. [34] in Tamil
Nadu andMackson Nongmaithem et al. [35] in Maharashtra, where
prevalence of peripheral neuropathy was found to be 47%.

In Tanzania, it was noted that 100% of patients who presented
with foot ulcers to a large Diabetes Outpatient Clinic, had varying
degrees of severity of peripheral neuropathy [36]. S. Vijayasarathy
et al. found during their study to assess prevalence and risk factors
of peripheral arterial disease in diabetic foot ulcers that the prev-
alence of PAD in DFUs was found to be 36% [37]. Muthiah A et al.
agreed with the results of the previous study in their study on
diabetic foot and its association with peripheral artery disease
demonstrating a prevalence of 38%, 57 patients out of 150 patients
had PAD associated with diabetic foot ulceration [38].

In the present study, the results showed that 86.1% of the pa-
tients had albuminuria with the majority of them (84.4%) had mild
CKD (stage I and II). The prevalence of diabetic retinopathy in the
patients was more than 90%.

There was statistically significant association between albu-
minuria and VPT and ABI. VPT had significant negative correlation
with eGFR. However, there was no statistically significant correla-
tion between eGFR and ABI.

Bhavya et al. [39] found in a study of association between
microalbuminuria and microvascular complications in type 2 dia-
betes mellitus that the incidence of microalbuminuria is signifi-
cantly associated with the prescence of retinopathy and peripheral
neuropathy. Hurley et al. [40], in a prospective study of risk factors
for foot ulceration that has been conducted in the west of Ireland,
found a statistically significant association between declining levels
of eGFR and the probability of having abnormal sensory or vascular
function on foot screening.
Chronic DFUs and DR are severe complications of Type 2 dia-

betes. Their pathogenesis has been debated, but DR is generally
considered to be of microvascular origin, whereas DFUs are more
likely caused by mixed micro- and macrovascular disease. The
importance of DR as a risk factor for developing DFUs has been
reported by a large number of investigators since 1975, whenWalsh
et al. [41] presumed a possible association between these compli-
cations. Likewise, in a recently published meta-analysis, DR was
present in 33% of people without and in 64% with DFUs [15].

Sellman et al. [42] found in people with DFU, DR was present in
94% and proliferative DPR in 31%. Hwang et al. [43] similarly re-
ported 90% DR in a Korean population with DFUs, with 55% pre-
senting with proliferative DR.

The results of the present study showed that there was statis-
tically significant association between diabetic retinopathy and
peripheral neuropathy. Also there was statistically significant as-
sociation between diabetic retinopathy and peripheral arterial
disease (PAD).

In agreement with the results of our study, Kumar et al. andWon
et al. concluded that neuropathy was seen more in patients with
coexisting retinopathy [44,45]. Furthermore Katulanda et al re-
ported retinopathy as one of the most important risk factors for
DPN [46]. Ji et al. [47] proved that retinopathy was an independent
risk factor for diabetic neuropathy. An explanation of this rela-
tionship may be that both diabetic retinopathy and peripheral
neuropathy have similar pathogenetic mechanisms.

Yi-Wen Chen et al. [48], in a study of prevalence of lower ex-
tremity peripheral artery disease in type 2 diabetes patients with
proliferative diabetic retinopathy, found that patients with PDR
weremore likely than patients with NDR to have PAD. Furthermore,
a higher proportion of PDR patients had either low or high ABI
compared with NDR patients. He also found that PDR was an in-
dependent correlation factor of abnormal ABI (�0.9).

Mei-Yueh Lee et al. [49] evaluated the association between ABI
and the development of DR in patients with type 2 DM. The study
showed that an abnormally low or high ABI was associated with
proliferative DR in patients with type 2 DM [50].

The mechanisms underlying the association between athero-
sclerosis and DR are unclear. It has been hypothesized that
atherosclerosis and DR share common risk factors with regards to
the causal pathway [51,52]. This is supported by an apparent
common mechanism underlying the development of macro and
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micro angiopathies in patients with type 2 DM such as obesity,
insulin resistance and hypertension. In addition, neovascularization
(retinal angiogenesis) is a hallmark of proliferative DR, and angio-
genesis has frequently been reported in advanced atherosclerotic
lesions [53,54].

Our study showed that most of the studied diabetic patients
(93.1%) who had grade I ulcers had NPDR, while two thirds of those
who had grade II and III ulcers had NPDR (61.5, 66.7% respectively)
with statistically significant association between diabetic retinop-
athy and the grade of diabetic ulcer (p< 0.001).

Thoiba Karam et al. [55] agreed with our results noting a sta-
tistically significant association between the prescence of retinop-
athy in advanced grades of DFUs. The severity of the retinopathy
was also found to be greater in patients with higher grades of DFUs.
Hwang et al. [43] also noted a similar association of proliferative
retinopathy and diabetic foot ulceration. They speculate it to be a
result of increased oxidative stress and endothelial damage occur-
ring in vascular disease in the later stages of diabetes.

5. Conclusion

Diabetic foot ulcers are common in type 2 diabetic patients with
longer duration of the disease, male gender, poor glycemic control,
peripheral neuropathy. Albuminuria, diabetic retinopathy and pe-
ripheral neuropathy are very common among those patients and
strongly associated with risk factors of diabetic foot ulceration.
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