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Abstract: Vascular abnormalities are very prevalent in type 2 diabetes mellitus
(T2DM) and are the major causes of morbidity and mortality in this setting. This
study aimed at determining the prevalence and associated risk factors for diabetic
peripheral neuropathy (DPN) and peripheral artery disease (PAD) in T2DM
subjects at NAUTH, Nigeria. This was a cross-sectional study that evaluated 142
stable T2DM out-patients. Anthropometric and blood pressure measurements
were done. Glycated haemoglobin and fasting lipid profile were assayed.
Biothesiometry of the feet and Doppler ultrasonography of the brachial and pedal
arteries were done for diagnosis of vascular complications. Data was analysed
using SPSS version 25. Results of categorical variables were presented in tables
as frequencies and percentages. The mean values and standard deviation for the
continuous variables were calculated. Chi-square test was used to determine the
association between the vascular abnormalities and the categorical variables. The
level of significance was set at p < 0.05. The prevalence rate of DPN and PAD
was 50.7% and 18.3%, respectively. DPN showed significant association with
age (X?=14.059; p = 0.001), sex (X?> = 6.630; p = 0.010), education level (X?>=
12.286; p = 0.006), duration of DM (X? = 5.246; p = 0.022), global obesity (X
=5.494; p = 0.019), DM treatment (X? =11.821; p = 0.003), dyslipidaemia (X
=9.767; p = 0.002), lipid-lowering drugs use (X* = 4.036; p = 0.045) and PAD
(X% = 8.158; p = 0.004). Similarly, PAD showed significant association with
systolic hypertension (X?> = 10.942; p = 0.001), diastolic hypertension (X? =
24.026; p = 0.000), DM treatment (X2 = 7.262; p = 0.026) and DPN (X? = 8.753;
p = 0.003). The prevalence of DPN and PAD from the study was high and
depicted a high burden of vascular abnormalities in T2DM subjects.
Keywords: Associations, Artery, Neuropathy, Peripheral Vascular Disease,
Type 2 Diabetes, Southeast.

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

Article History
Received: 28.04.2025
Accepted: 04.06.2025
Published: 06.06.2025

Journal homepage:
https://www.easpublisher.com

Quick Response Code

Current statistics show that 9.3% of adults aged
between 20 and 79 years all around the world are living

INTRODUCTION

Diabetes mellitus (DM) is defined as a group of
metabolic  disorders of multiple aetiologies,
characterised by chronic hyperglycaemia with
disturbances of carbohydrate, fat and protein metabolism
resulting from defects in insulin secretion, insulin action
or both [1]. Type 2 diabetes mellitus (T2DM) is a
heterogeneous group of disorders characterized by
variable degrees of insulin resistance, impaired insulin
secretion, increased glucose production and constitute up
to about 90% of the cases of diabetes mellitus [1].

with diabetes [2]. Nigeria as a country has her own big
share of the growing global burden of diabetes. A
systematic review and meta-analysis done in 2018 placed
the overall pooled prevalence of DM in Nigeria at 5.77%

[3].

Type 2 DM is viewed as a chronic inflammatory
disease resulting in altered vascular dynamics and
vascular dysfunction in both the micro and macro vessels
[4]. The systemic inflammatory state in T2DM causes
haemodynamic disruption with alteration of vascular
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thrombus formation and an increase in the risk for
atherosclerosis development [5]. The predisposing
molecular cascades and cellular mechanisms for diabetic
vasculopathy include: inappropriate activation of the
rennin-angiotensin-aldosterone system, mitochondrial
dysfunction, excessive oxidative stress, inflammation,
dyslipidaemia and thrombosis [6].

The micro-vascular complications of DM
include the diabetic peripheral neuropathy (DPN),
diabetic retinopathy (DR) and diabetic nephropathy
(DN), while the macro-vascular abnormalities include
peripheral artery disease (PAD), coronary artery disease
(CAD) and cerebrovascular diseases (stroke) [6].

Ankle brachial pressure index (ABPI) and
vibration perception threshold (VPT), could be
considered as surrogate markers for macrovascular and
microvascular complications in type 2 diabetes mellitus
[7, 8]. Peripheral artery disease (PAD) denotes a
complete or partial occlusion of one or more of the non-
cardiac, non-intracranial, peripheral arteries of the upper
and lower limbs, which may lead to reduced blood flow
or tissue loss [9]. Several investigations play important
roles in the diagnosis of PAD and these include: contrast
angiography, which is widely regarded as the gold
standard, but is limited by its inability to image the vessel
walls or the dynamics of blood flow in the lumen, the
simple noninvasive tests with an accuracy close to that
of angiography; like Color duplex sonography and
additionally, the inexpensive and bed side procedure; the
ABPI that is suited for screening for and diagnosing PAD
in the primary care setting [10, 11]. Studies have found
that ABPI is a reliable surrogate to Color Doppler
Ultrasonogram for the effective screening for and the
diagnosis of PAD, in places where Duplex
Ultrasonography is unavailable [12, 13]. The ABPI
demonstrated a good reliability for diagnosis of PAD
which is a macrovascular complication prevalent in
T2DM. The sensitivity of ABPI improves with
increasing severity of arterial stenosis in the lower limbs,
reaching 100% in severe cases [12]. PAD is usually
viewed as a manifestation of macrovascular disease, but
recent studies have shown the potential involvement of
microvascular disease in its progression [14].

Diabetic peripheral neuropathy (DPN) is
defined as presence of symptoms and, or signs of
peripheral nerve dysfunction in subjects with DM, after
exclusion of other causes [15]. It is a common
complication of Type 2 DM that affects both the somatic
and autonomic nerves and equally has a complex
pathophysiology [16]. Chronic hyperglycaemia results in
metabolic disruptions in the peripheral nerve system,
including altered protein kinase C activity, and increased
polyol pathway activity in neurons and Schwann cells
that play key roles in the development and progression
of diabetic peripheral neuropathy [16].

Diabetic peripheral neuropathy can be assessed
using several symptoms scores and measurements that
include the Diabetic neuropathy symptom score (DNS),
Nerve conduction studies (NCS) and Vibration
perception threshold (VPT) [17, 18]. Nerve conduction
studies is considered the gold standard for the diagnosis
of DPN, while VPT is its practical, simple, reliable and
inexpensive surrogate which also doubles as a quick bed
side procedure and hence is suited for use in resource
poor and rural settings typical of the sub-Saharan Africa
[17, 18]. High VPT values are associated with DPN
symptoms and predictive of foot abnormalities such as
foot ulcers or of foot at the risk of ulceration or
amputation [19].

The prevalence of DPN was 40.3% and 42.2%
among T1DM and T2DM subjects, respectively [15].
They are both independent risk factors for foot ulcer and
the resultant amputation. About 25% to 90% of lower
limb amputations are associated with diabetes and the
risk is attributable to a combination of PN, PAD and
infection caused by diabetes [20]. The prevalence rate of
peripheral artery disease (PAD) in the South-eastern
Nigeria was 59.5% and 31.1%, respectively [21, 22]. The
prevalence rate of PAD in Northern Nigeria was 38.5%,
while that in Western Nigeria was 40.0% [23, 24]. A
systematic review and meta-analysis found that the
prevalence rate of PAD in sub-Saharan Africa was
32.97% [25]. The significant predictors of PAD were
duration of DM, abdominal obesity, hypertension,
triglyceride (TG) and high density lipoprotein
cholesterol (HDL-C) [21]. In Northern Nigeria PAD was
associated with female sex, age greater than 50 years,
body mass index (BMI) > 25Kg/m? and low HDL-C
levels [23]. In Western Nigeria, older age > 60 years and
poor glycaemic control were potential predictors of
neuropathy [24].

The prevalence rate of DPN in Nigeria is
dependent on the modality for the diagnosis. The overall
prevalence rate of DPN in Nigeria was 31.2% — 97.5%,
while the modality-dependent prevalence rates were 37%
- 97.5% by biothesiometery, 41.7% - 75% by Michigan
Neuropathy Screening Instrument, 31.2% - 43.3% by
United Kingdom screening test and 43.3% - 69.9% by
diabetic neuropathy examination score [26]. The
associated factors were diabetes duration and control, the
age of the patients, presence of hypertension,
dyslipidaemia and other microvascular complications
(diabetic retinopathy and nephropathy) [26].

The prevalence of DPN in T2DM subjects in
Southeastern Nigeria was 66.7% with tuning fork and
38.5% with biothesiometry [27]. Significant predictors
of DPN using biothesiometry were hypertension and
triglyceride levels [27]. The prevalence rate of DPN in
T2DM subjects without neuropathic symptoms in
Southeastern Nigeria was 71.5% with tuning fork and
14.8% with biothesiometry, respectively [28]. The
prevalence rate of DPN diagnosed based on a
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combination of tuning fork, 10 G Semmes-Weinstein
monofilament and presence of symptoms, in Western
Nigeria was 82.0% [29]. In Northern Nigeria, the
prevalence rate of DPN 39.7% using biothesiometry
[30].

The burden of vascular abnormalities in T2DM
subjects in Nigeria, typified by high prevalence rates of
PAD and DPN is high and is still underappreciated and
underreported by both the health care professionals and
patients alike. There is still a paucity of published data
on the macrovascular and microvascular complications
of diabetes among the people living with T2DM in the
sub-Saharan Africa. This study evaluated the prevalence
and associated risk factors of macrovascular and
microvascular complications, typified by DPN and PAD,
respectively in persons living with T2DM in NAUTH,
Nnewi in South-eastern Nigeria.

MATERIALS AND METHODS

This study was a cross-sectional study that was
carried out at the diabetes clinic of the Medical Out-
patient Department of Nnamdi Azikiwe University
Teaching Hospital (NAUTH), Nnewi in Anambra State,
Nigeria. A total of 142 consenting T2DM subjects of the
age of 18 years and above, recruited from the diabetes
clinic had complete results and were evaluated. The
study was carried out from June to December, 2022.
Ethical clearance for the study was obtained from the
Research Ethics Committee of the Nnamdi Azikiwe
University Teaching Hospital, Nnewi before the
commencement of the study with the ethical code:
NAUTH/CS/66/VOL.15/VER.3/077/2022/038.

All the T2DM subjects aged 18 years and
above, who gave their consent to participate in the study
and had none of the exclusion criteria, were included in
the study. The exclusion criteria included age of less than
18 years, type 1 DM, gestational diabetes mellitus
(GDM) or very sick or unstable patients. Subjects’
recruitment for the study was by a simple random
sampling method. During each clinic consultation all the
subjects that qualified for the study were made to pick a
card randomly from a pool of cards written “Yes” and
“No”, that were folded and put in a pot. All the subjects
that picked “Yes” were Recruited consecutively into the
study. The study was carried out in two stages and the
researcher interacted with the subjects on two separate
clinic days.

At the first meeting, informed consent was
obtained, relevant medical history was taken,
anthropometric and blood pressure measurements were
done. Then, doppler ultrasonogram and biothesiometry
of both lower limbs were done to determine ankle
brachial pressure index (ABPI) and vibration perception
threshold (VPT), respectively.

The subjects were then given another clinic
appointment that was convenient for them and instructed

to come between 8 —9 a.m and to observe a 10 — 12 hours
over night fast, prior to the scheduled clinic visit which
was for blood sample collection.

Laboratory Procedure

A total of 5ml of venous blood was collected
from each subject during the second meeting; 1 ml of
blood was for glycated haemoglobin (HbA1c) assay and
was stored in ethylenediaminetetraacetic acid (EDTA)
bottle. The remaining 4 ml of blood was for fasting lipid
profile assay and was stored in plain bottle, until
analysed. HbA|c was measured using the boronate
affinity chromatography method using the automated
CLOVER Alc Analyzer (Infopia, Korea) and CLOVER
Alc Self-Test Cartridge [31].

High density lipoprotein (HDL-C) was obtained
by a precipitation technique [32].

Total cholesterol level was determined using
the kit employing the enzymatic and the 4-
hydroxybenzoate/4-aminophenazone systems
(BioSystems) [33].

Triglyceride level was determined using a kit
employing enzymatic hydrolysis of triglyceride with
lipases (Randox) [34].

Low density lipoprotein cholesterol (LDL-C)
was measured using a kit employing a precipitation
technique (MyBioSource — MBS023682 kit. San Diego,
California) [35].

Clinical Procedure

Doppler ultrasonography assessment of the
brachial, dorsalis pedis and posterior tibial arteries was
done using EDAN SONTRAX Ultrasonic Pocket
Doppler version 1.2 (CE 0123) with 8.0 MHz probe and
an Accoson mercury Sphygmomanometer [36, 37].
Ankle brachial pressure index (ABPI) was calculated
using the formular: ABPI for a leg = Higher pressure
obtained from the ankle vessel in that leg / Higher
systolic brachial pressure of the arms [38].

Peripheral artery disease (PAD) was taken as
ABPI <0.9 [39].

The Biothesiometer objectively measures
vibration perception threshold (VPT) and this was used
for determining the presence of diabetic peripheral
neuropathy (DPN) in this study. With the patient lying
supine in a couch, testing was commenced by applying
the vibrator of the Biothesiometer to the pulp of the big
toe of each foot. The vibrator was steadily held, such that,
its weight delivered a standard pressure on the vibrator
button with the probe balanced vertically on the pulp of
the great toe. The subject was instructed to concentrate
fully on the procedure and to verbally report the first
feeling of the vibration [27, 28]. The amplitude of the
vibrator button was set as low as possible at the start of
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the testing and steadily increased until the subject
perceived the vibration. The voltage that the
Biothesiometer displayed at the instant of the vibration
was recorded. The process was repeated thrice on the
pulp of each of the big toes and the mean taken as the
VPT for each of the lower limbs [27, 28]. Diabetic
peripheral neuropathy was defined by a mean vibration
perception threshold of > 25 Volts measured with the
biothesiometer [40].

Weight and height were measured using
Stadiometer (RGZ-120), waist circumference, measured
with a measuring tape and blood pressure measured
using Accoson mercury Sphygmomanometer in
accordance with the WHO STEPS instruments [37].

DEFINITION OF TERMS AND CRITERIA

Hypertension was defined as systolic BP >
140mmHg and or diastolic BP > 90 mmHg, measured on
at least 2 separate occasions or if a patient is already on
anti-hypertensive medications [41].

Diabetes mellitus was defined by fasting plasma
glucose of > 7.0 mmol/l (126 mg/dl) measured on at least
2 separate occasions or the patient is already on glucose
lowering agents [1].

Type 1 DM was defined as subjects with DM
who are dependent on insulin for survival and are at risk
for ketoacidosis [1].

Type 2 DM was defined as patients with DM on
diet therapy either alone or in combination with oral
glucose lowering agent(s) for glycaemic control [1].

Dyslipidaemia was taken as HDL-C <1.04
mmol/L(males) or < 1.3 mmol/L or TG > 1.7 mmol/L or
LDL-C > 2.6 mmol/L or total cholesterol (TC) > 5.2
mmol/L or if the patient is on lipid lowering agents [42].

Young age was taken as 18-44 years, middle age as 45-
64 years and old age as 65 years and above [43].

Poor glycaemic control was taken as HbAc > 7.0% [1].
Global obesity was defined by body mass index (BMI)
>30 (kg/M?) [1].

Central obesity was defined by waist to hip ratio (WHR)
>0.9[1].

Diabetic peripheral neuropathy (DPN) was
defined by a vibration perception threshold (VPT) > 25
Volts measured with the biothesiometer [40].

Peripheral artery disease (PAD) was defined by
an ankle brachial pressure index (ABPI) value of < 0.9;
normal ABPI was 0.9 —1.29; mild PAD was ABPI of 0.8
—8.9; moderate PAD was ABPI of 0.5 —7.9; severe PAD
was ABPI of < 0.5 while calcification of the arteries was
defined by ABPI of > 1.3 [36-44].

Statistical Analysis

Data collected was analysed using Statistical
Package for Social Sciences (SPSS) version 25. Results
of categorical variables were presented in tables as
frequencies and percentages. The mean values and
standard deviation for the continuous variables were
calculated. Chi-square test was used to determine the
association between the vascular complications
(PAD/DPN) and the categorical variables. The level of
significance was set at p < 0.05.

RESULTS

A total of 142 subjects had complete results and were
analysed.

1.  The mean age of the subjects was 59.15+ 11.37

years, and varied from 32 to 80 years. Majority

of the participants were of middle age (54.9%)

and had tertiary education (40.8%) and the male

to female ratio was 1.00 : 1.36 (details in Table

1).

Table 1: Socio-demographic characteristics of the study subjects
Variable Frequency | Percentage
Age (years)

18-44 14 9.9
45-64 78 54.9
>65 50 35.2
Mean = 59.15 £ 11.37

Sex

Male 60 423
Female 82 57.7
Educational level

No formal 2 1.4
Primary 56 39.4
Secondary 26 18.3
Tertiary 58 40.8

2. The clinical characteristics of study subjects
showed the mean values of the following
variables: duration of diabetes mellitus (11.34 +

8.72 years); waist circumference (99.54 =+
12.48cm); hip circumference (105.52 + 11.25
cm); body mass index (27.74 + 5.42 kg/m?),
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glycated haemoglobin (HbAlc) (8.30 + 2.26
%); systolic blood pressure (128.73 + 22.66
mmHg); diastolic blood pressure (82.39 + 16.28
mmHg); total cholesterol (4.45 + 0.94 mmol/L);

triglyceride (1.24 + 0.83 mmol/L); high density
lipoprotein (1.12 + 0.36 mmol/L); low density
lipoprotein (2.72 £ 0.81 mmol/L) (details in

Table 2).

Table 2: Clinical characteristics of the study subjects

Variable Minimum | Maximum | Mean | SD
Duration of DM (years) 0.50 38.00 11.34 | 8.72
Waist circumference (cm) 70.00 144.00 99.54 | 12.49
Hip circumference (cm) 84.00 143.00 105.52 | 11.25
Body mass index (kg/m?) 19.20 41.82 27.74 | 542
HbAlc (%) 4.50 15.50 8.30 2.26
Systolic blood pressure (mmHg) 70.00 200.00 128.73 | 22.66
Diastolic blood pressure (mmHg) | 60.00 170.00 82.39 | 16.28
Total cholesterol (mmol/L) 2.60 7.11 4.45 0.94
Triglyceride (mmol/L) 0.40 4.79 1.24 0.83
High density lipoprotein (mmol/L) | 0.24 3.09 1.12 0.36
Low density lipoprotein (mmol/L) | 0.56 4.76 2.72 0.81

DM = diabetes mellitus: HbA1c = glycated haemoglobin

The prevalence rate of diabetic peripheral
neuropathy  (DPN), a  surrogate for
microvascular abnormality was 50.7%, while

that of peripheral artery disease (PAD), a

surrogate for macrovascular abnormality was
18.3% (details in Table 3).

Table 3: Prevalence and pattern of vascular (microvascular & macrovascular) abnormalities among the subjects

Variable Frequency | Percentage (%)
Diabetic peripheral neuropathy (DPN)

Present 72 50.7
Absent 70 493
Peripheral artery disease (PAD)

Present 26 18.3
Mild 6 42
Moderate 14 9.9
Severe 4 2.8
Absent 116 81.7
Calcification 54 38.0
No calcification 62 43.7

The result of the association between diabetic
peripheral neuropathy (DPN) and the socio-
demographic  cardiovascular risk  factors
showed that there was a statistically significant
association with age (X? = 14.059; p = 0.001),
sex (X% = 6.630; p = 0.010) and education level

(X2 =12.286; p = 0.006). A higher prevalence
rate of DPN was found among the subjects aged
65 years and above (68.0%), male subjects
(63.3%), the subjects that had primary
education (64.3%) and secondary education
(53.8%), respectively. (details in Table 4).

Table 4: Association between Diabetic peripheral neuropathy (DPN) and socio-demographic cardiovascular risk

factors
Factor DPN X2 p-value
Present | Absent
Age (years)
18-44 2 (14.3) 12 (85.7) | 14.059 | 0.001
45-64 36 (46.2) | 42 (53.8)
>65 34 (68.0) | 16 (32.0)
Sex
Male 38 (63.3) | 22 (36.7) | 6.630 | 0.010
Female 34 (41.5) | 48 (58.5)
Educational level
No formal 2 (100) 0 12.286 | 0.006
Primary 36 (64.3) | 20 (35.7)
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Secondary
Tertiary

14 (53.8)
20 (34.5)

12 (46.2)
38 (65.5)

The association between diabetic peripheral
neuropathy (DPN) and clinical/laboratory
cardiovascular risk factors, showed that there
was a statistically significant association with
the duration of diabetes mellitus (X2 = 5.246; p
=0.022), global obesity (X>=5.494; p=0.019),
treatment for diabetes mellitus (X>=11.821;p=
0.003), dyslipidaemia (X?> = 9.767; p = 0.002),
the use of lipid-lowering drugs (X? =4.036;p =
0.045) and peripheral artery disease (X*> =
8.158; p = 0.004). A higher prevalence of DPN
was found among the subjects that had a long

duration of diabetes mellitus (57.1%), global
obesity (56.9%), were on insulin (75.0%) or
both insulin and OADs (70.0%), had no
dyslipidaemia (87.5%), were not on lipid-
lowering drugs (62.5%) and had peripheral
artery disease (62.9%). There were no
statistically significant association between
DPN and abdominal obesity, glycaemic control,
hypertension, exercise level and anti-
hypertensive medications use (p > 0.05 in these
cases) (details in Table 5)

Table 5: Association between Diabetic peripheral neuropathy (DPN) and clinical/laboratory cardiovascular risk

factors

Factor DPN X2 p-value

Present | Absent
Duration of Diabetes mellitus
Short 16 (36.4) | 28 (63.6) | 5.246 | 0.022
Long 56 (57.1) | 42 (42.9)
Abdominal obesity (males)
Present 18 (64.3) | 10(35.7) | 0.021 | 0.886
Absent 20 (62.5) | 12(37.5)
Abdominal obesity (females)
Present 26 (37.1) | 44 (62.9) | 3.679 | 0.055
Absent 8(66.7) | 4(33.3)
Global obesity
Present 14 (35.0) | 26 (65.0) | 5.494 | 0.019
Absent 58 (56.9) | 44 (43.1)
Glycaemic control
Good 18 (45.0) | 22 (55.0) | 0.725 | 0.395
Poor 54 (52.9) | 48 (47.1)
Systolic hypertension
Present 28(58.3) | 20 (41.7) | 1.688 | 0.194
Absent 44 (46.8) | 50(53.2)
Diastolic hypertension
Present 22 (52.4) | 20 (47.6) | 0.067 | 0.796
Absent 50 (50.0) | 50 (50.0)
Treatment for Diabetes
Diet alone 0 0 11.821 | 0.003
OADs 38 (40.0) | 56 (59.6)
Insulin 6(75.0) | 2(25.0)
Both 28 (70.0) | 12 (30.0)
Dyslipidaemia
Present 58 (46.0) | 68 (54.0) | 9.767 | 0.002
Absent 14 (87.5) | 2(12.5)
Exercise
Yes 10 (38.5) | 16 (61.5) | 1.909 | 0.167
No 62 (53.4) | 54 (46.6)
Anti-hypertensive therapy
Yes 40 (50.0) | 40 (50.0) | 0.036 | 0.849
No 32 (51.6) | 30 (48.4)
Lipid-lowering therapy
Yes 42 (44.7) | 52(55.3) | 4.036 | 0.045
No 30 (62.5) | 18(37.5)
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6.

Peripheral artery disease (PAD)

Present 44 (62.9) | 26 (37.1) | 8.158 | 0.004
Absent 28 (38.9) | 44 (61.1)
OADs = oral anti-diabetic drugs
Peripheral artery disease (PAD) showed no demographic  cardiovascular risk factors

significant association with any of the socio-

evaluated (p > 0.05) (details in Table 6).

Table 6: Association between peripheral artery disease (PAD) and socio-demographic cardiovascular risk factors
Factor PAD X2 p-value
Present | Absent

Age (years)

18-44 4(28.6) | 10(71.4) | 2.570 | 0.277
45-64 16 (20.5) | 62 (79.5)

>65 6(12.0) | 44 (88.0)

Sex

Male 10 (16.7) | 50(83.3) | 0.188 | 0.665
Female 16 (19.5) | 66 (80.5)

Educational level

No formal 0 2 (100) 5971 | 0.113
Primary 12 (21.4) | 44 (78.6)

Secondary 8(30.8) | 18(69.2)

Tertiary 6(10.3) | 52(89.7)

The association between peripheral artery
disease (PAD) and the clinical/laboratory risk
factors showed that there was a statistically
significant association with systolic
hypertension (X =10.942; p = 0.001), diastolic
hypertension (X> = 24.026; p = 0.000),
treatment for diabetes mellitus (X? = 7.262; p =
0.026) and diabetic peripheral neuropathy (X2 =
8.753; p = 0.003). A higher prevalence of PAD
was found among the subjects that had systolic

(33.3%) and diastolic hypertension (42.9%); the
subjects that were on insulin for DM treatment
(50%) and subjects that had diabetic peripheral
neuropathy (27.8%). No significant association
was found between PAD and duration of DM,
obesity (both abdominal and global), glycaemic
control, dyslipidaemia, exercise level, anti-
hypertensive drugs use and lipid-lowering
drugs use (p > 0.05 in these cases) (details in
Table 7).

Table 7: Association between peripheral artery disease (PAD) and the clinical/laboratory cardiovascular risk

factors
Factor PAD X2 p-value
Present | Absent
Duration of Diabetes mellitus
Short 6 (13.6) | 38(86.4) | 0931 | 0.335
Long 20 (20.4) | 78 (79.6)
Abdominal obesity (males)
Present 2(7.1) 26(92.9) | 3.429 | 0.064
Absent 8(25.0) | 24 (75.0)
Abdominal obesity (females)
Present 16 (22.9) | 54 (77.1) | 3.408 | 0.065
Absent 0 12 (100)
Global obesity
Present 8(20.0) | 32(80.0) | 0.106 | 0.744
Absent 18 (17.6) | 84 (82.4)
Glycaemic control
Good 10 (25.0) | 30(75.0) | 1.666 | 0.197
Poor 16 (15.7) | 86 (84.3)
Systolic hypertension
Present 16 (33.3) | 32(66.7) | 10.942 | 0.001
Absent 10 (10.6) | 84 (89.4)
Diastolic hypertension
Present 18 (42.9) | 24 (57.1) | 24.026 | 0.000
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Absent 8 (8.0) 92 (92.0)
Treatment for Diabetes
Diet alone 0 0 7.262 | 0.026
OADs 18 (19.1) | 76 (80.9)
Insulin 4 (50.0) | 4(50.0)
Both 4 (10.0) | 36(90.0)
Dyslipidaemia
Present 24 (19.0) | 102 (81.0) | 0.407 | 0.524
Absent 2(12.5) |14 (87.5)
Exercise
Yes 2(7.7) 24(92.3) | 2399 | 0.121
No 24 (20.7) | 92 (79.3)
Anti-hypertensive Therapy
Yes 16 (20.0) | 64 (80.0) | 0.350 | 0.554
No 10 (16.1) | 52 (83.9)
Lipid-lowering Therapy
Yes 14 (14.9) | 80(85.1) | 2.170 | 0.141
No 12 (25.0) | 36 (75.0)
Diabetic peripheral neuropathy (DPN)
Present 20 (27.8) | 52(72.2) | 8.753 | 0.003
Absent 6 (8.6) 64 (91.4)
OADs = oral anti-diabetic drugs
DISCUSSIONS This study found a statistically significant

The mean age of the 142 T2DM subjects
studied was 59.15 + 11.37 years. This study found that
the prevalence rate of DPN diagnosed using
biothesiometry was 50.7% among the subjects.
Oguejiofor et al., had found the prevalence rate of 38.5%
also using biothesiometry, in T2DM patients in the same
area almost a decade ago [27]. Oguejiofor et al., studied
106 T2DM subjects, a number that is smaller than the
142 T2DM subjects evaluated by the index study and this
and the improvements in the effective diabetes
management over the years could account for the
difference in the finding from both works [27].
Oguejiofor et al., equally got the prevalence rate of DPN
of 71.5% with tuning fork and 14.8% with
biothesiometry, respectively in T2DM subjects without
neuropathic symptoms [28]. Again the index study
unlike Oguejiofor et al’s work did not differentiate
between the type 2 diabetic patients with and without
neuropathic symptoms. The prevalence rate of DPN from
the index study was also lower than the 82.0% found by
Ikem et al., [29]. Their diagnosis of DPN was based on
presence of the triad of symptoms, examination with
tuning fork and 10 g Semmes-Weinstein monofilament
and not by biothesiometry [29]. Kaoje ef al., found a
prevalence rate of DPN of 39.7% using biothesiometry
among their type 2 diabetic cohort [30]. Their figure is
less than that found by the index study and the reasons
could be traced to the fact that Kaoje ef al., studied a
larger sample size of 330 T2DM subjects and their
subjects were younger, with mean age of 49.60 £+ 9.81
years when compared with the mean age of this study’s
subjects which was 59.15 + 11.37 years [30]. Increasing
age has been found to be significantly associated with
DPN [26-45].

association between DPN and the age, sex and
educational level of the subjects. Equally found was a
significant association of between DPN and the duration
of diabetes mellitus, global obesity, treatment for
diabetes mellitus, dyslipidaemia, anti-lipid drugs use and
peripheral artery disease. The finding by this study that
DPN is significantly associated with age of the subjects
fell in line with what is expected from literatures.
Diabetic peripheral neuropathy is viewed as a common
age-related degenerative disorder of unkown aetiology
that has been studied both in mice and humans [46, 47].
It has been suggested that the mechanisms underlying
chronic nociceptive pain-processing differ in relation to
gender and gonadal hormone status [48]. Hormonal
differences between male and female subjects may play
arole. Estrogen, for instance has been shown to influence
nerve function and contribute to the development and
progression of neuropathy [49]. Female subjects tend to
have more of painful DPN compared with male subjects
[50]. Studies have found that sex and gender differences
influence DPN; male subjects have a higher frequency
for DPN generally, but female subjects have a higher
frequency of severe neuropathic symptoms. Female
subjects reported greater pain intensity than the male
subjects [51-53]. Education, more especially structured
supportive-education can decrease the symptoms and
severity of diabetic peripheral neuropathy [54]. There is
potential association between educational levels and
increased risk of diabetic peripheral neuropathy [15].
Lower educational attainment can be associated with
other socioeconomic factors, like lower income or
limited access to healthcare which can impact on DPN
risk. [15]. The common practice in our clime is that
educated subjects adopt western Lifestyles that include
sedentary living and consumption of high calorie diets,
which are risk factors for micro- and microvascular
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complications. Our subjects were no exceptions to this
misconceived common trend.

Long  duration of diabetes, obesity,
dyslipidaemia and peripheral artery disease are all
known risk factors for microvascular and macrovascular
complications of DM and the finding of significant
association between DPN and these cardiovascular risks
by the index study is in agreement with other studies.
Diabetic peripheral neuropathy was independently
associated with cardiovascular disease and risk factors
[18,55]. While insulin undoubtedly plays a beneficial
role in DM management, it has a complex relationship
with DPN. It can indirectly benefit DPN by its glucose-
lowering effects or directly by its neurotrophic role in
supporting peripheral neurons [20]. Insulin deficiency,
excess or resistance however can contribute to the
development and progression of DPN by impacting
peripheral nerve function directly [56, 57]. A
combination of insulin and oral anti-diabetic drugs could
predispose diabetic subjects to recurrent hypoglycaemia
and hence to Diabetic peripheral neuropathy [57]. Severe
hypoglycaemia was an independent risk factor of DPN
[58]. Also the risk of DPN increased with the frequency
of hypoglycaemic events [58].

There were conflicting reports on the
association between DPN and use of lipid-lowering
medications. The index study found that dyslipidaemia
and the use of lipid-lowering drugs were significantly
associated with increase in prevalence of diabetic
peripheral neuropathy and this agrees with the finding of
Pasha et al., while Chang ef al., found that neither
hyperlipidaemia nor lipid-lowering medications were
associated with diabetic peripheral neuropathy [59, 60].

The overall prevalence rate of PAD found by
this study was 18.3%, out of which 4.2%, 9.9% and 2.8%
of the subjects had mild, moderate and severe PAD,
respectively. The prevalence rate of PAD is by far lower
than the 52.5% found by Oyelade et al., over a decade
ago [61]. The improvement in the holistic management
of T2DM and in the quality and coverage of diabetes
education that had taken place in the sub-Saharan Africa
over the last decade could explain the drop in the
Prevalence rate of PAD observed in the index study. A
recent systematic literature review reported that four
large multinational randomized controlled trials found
that 12.5% - 22.0% of people with type 2 DM had co-
morbid PAD [62]. This prevalence rate of PAD found by
this study is very comparable to that reported by Verma
et al. A systematic review on PAD in sub-Saharan Africa
and India found that pooled prevalence rate of PAD in
T2DM subjects was 32.97% and 18%, respectively [25-
63]. The result from the sub-Saharan Africa is almost
twice as high as that of this study while that from India
is very comparable to that of the index study [25-63].

Lastly, Akalu ef al., found that the prevalence
rate of PAD among their type 2 DM cohort was 30.7%

[64]. Their sample size was almost double that of the
index study (280) and their subjects were more elderly
with a mean age of 61.2 + 7.3 years [64]. Literature
review had shown that increasing age was significantly
associated with PAD in T2DM subjects [23-64].

This study equally found that PAD was
significantly more in subjects with elevated blood
pressure, subjects on insulin therapy for their DM control
and subjects who had diabetic peripheral neuropathy and
this is as expected because hypertension and diabetic
peripheral neuropathy are both risk factors for peripheral
artery disease. Moreover, it was found that insulin use
had a complex relationship with PAD. In as much as
insulin is very vital in managing high blood glucose
levels, it is also linked to the development and
progression of peripheral artery disease. Poorly
controlled DM, usually requiring insulin administration
and insulin  resistance = with  the resultant
hyperinsulinaemia common in T2DM were strongly
associated with peripheral artery disease [65, 66]. In
contrast to the findings of the index study, some
literatures have shown that age, higher HbAlc levels
(poor glycaemic control), female sex, overweight and
obesity (BMI >25 Kg/m?) and dyslipidaemia (low HDL-
C levels) were significantly associated with higher
prevalence of PAD in subjects with type 2 diabetes
mellitus [23-64]. Equally, contrastingly to the index
study, Haile et al., found that increasing age, increases in
the level of low density lipoprotein cholesterol (LDL-C)
and diabetes duration of more than 10 years were
significant predictors of PAD in subjects with T2DM
[25]. Lastly, Stein et al., found that physical activity
intensity frequency was associated with lower PAD,
while Metsushita et al., found that low educational level
was associated with increased PAD in type 2 diabetes
mellitus subjects [67, 68].

CONCLUSION AND RECOMMENDATIONS

This study found that the prevalence rates of
DPN and PAD, which are surrogate markers for
microvacular and macrovascular abnormalities in
subjects with T2DM at Nnamdi Azikiwe University
Teaching Hospital (NAUTH) in Southeastern Nigeria
were high (50.7% and 18.3%, respectively). This depicts
the huge burden of cardiovascular morbidity and
mortality in this cohort of patients. Furthermore, there
was a significant association between DPN and age, sex,
educational status, duration of DM, global obesity, DM
treatment, dyslipidaemia, lipid-lowering medications use
and peripheral artery disease. Equally, PAD had
significant association with hypertension, diabetes
treatment and diabetic peripheral neuropathy. These
findings still under- represent the enormous scourge of
vascular complications in T2DM subjects and this is
because these abnormalities are under-screened for and
under-reported and under-appreciated. These underscore
the need for a proactive approach towards tackling these
vasculopathies in This group of subjects both by
attending physicians and other stake holders in the health
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sector. Early and scheduled screening for and treatment
of vascular abnormalities in T2DM subjects is highly
advocated. Lastly, holistic tackling of the cardio-
metabolic sequalae and risk factors of T2DM via life
style modifications and drug treatment will go a long
way towards reducing the burden of the vascular
complications of type 2 diabetes mellitus.

Acknowledgement: The authors acknowledge the
patients that participated in the study

Authors’ Contributions: CME — conception, design of
the research and manuscript writing; AME — data
collection, cleaning/analysis, literature search, editing of
manuscript; MCA — literature search and critical review
of manuscript; HEI — literature search, editing and
critical review of manuscript; HCN — data interpretation,
critical review of manuscript. The authors read and
approved the final manuscript.

Data Availability: The data that support the findings of
this study would be made available by the corresponding
author upon reasonable request.

Funding: The study was fully funded by the authors.
Conflict of Interests: None declared

Ethical Approval: Ethical clearance was obtained from
the Research Ethics Committee of Nnamdi Azikiwe
University Teaching Hospital, Nnewi before the
commencement of the study. A written informed consent
was gotten from the study participants before they were
enrolled to participate in the study. Participation was
entirely voluntary and patients were allowed to withdraw
from the study if they wanted without any official
notification to the researchers.

REFERENCES

1. World Health Organization. Definition, diagnosis
and classification of diabetes mellitus and its
complications. WHO/NCD/NCS 99. Geneva;
WHO, 1999; pp 1 — 58.

2. International Diabetes Federation. Diabetes Atlas 9"
ed. 2019. https://diabetesatlass.org/en (2019).

3. Uloko AE, Musa BM, Ramalan MA, Gezawa ID,
Puepet FH, Uloko AT et al. Prevalence and Risk
Factors for Diabetes Mellitus in Nigeria. A
systematic Review and Meta-Analysis. Diabetes
Ther. 2018 Jun; 9(3): 1307-1316. Doi:
10.1007/s13300-018-0441-1. Epub 2018 May 14.
PMID: 20761289; PMCID: PMC5984944.

4. Khandelwal E, Jain M, Tripathi S. Vascular
dysfunction in patients with type 2 diabetes mellitus.
Ann Clin Neurophysiol. 2023; 25 (1): 32 — 37.
https://doi.org/10.14253/acn.2023.25.1.32

5. Rahman S, Raman T, Ismail AA, Rasid AR.
Diabetes-associated macrovasculopathy:
pathophysiology and pathogenesis. Diabetes Obes

10.

11.

12.

13.

14.

15.

16.

Metab. 2007, 9  (6): 767 —  80.
https://doi.org/10.1111/.1463-1326.2006.00655 .x.
Jia G, Bai H, Mather B, Hill MA, Jia G, Sowers JR.
Diabetic vasculopathy: Molecular Mechanisms and
Clinical Insights. Int J Mol Sci. 2024; 9: 25 (2): 804.
https://doi.org/10.3390/ijms25020804.

Papanas N, Symeonidis G, Mavridis G, Georgiadis
GS, Papas TT, Lazaides MK et al. Ankle-brachial
index: surrogate marker of microvascular
complications in type 2 diabetes mellitus? Int
Angiol. 2007; 26: 253 — 7.

Cardoso CRL, Melo JV, Salles GC, Leite NC, Salles
GF. Prognostic impact of the ankle-brachial index
on the development of micro- and macrovascular
complications in individuals with type 2 diabetes:
the Rio de Janeiro Type 2 Diabetes Cohort Study.
Diabetologia. 2018; 61 (11): 2266 — 2276.
https://doi.org/10.1007/s00125-018-4709-9.

Kullo 1J, Rooke TW. Peripheral Artery Diease. N
Engl J Med. 2016; 376: 861 - 871.
https://doi.org/10.1056NEJMcp1507631.

Langholz J. Investigation of peripheral artery
disease—the expanding role of echo-enhanced color
flow Doppler and duplex sonography. Eur J
Ultrasound. 1998; 7 (3): s53  —s6l.
https://doi.org/10.1016/s0929-8266(98)00026-3.
Hennion DR, Siano KA. Diagnosis and treatment of
peripheral artery disease. Am Fam Physician. 2013;
88 (5): 306 — 10.

Ugwu E, Ayanwu A, Olamoyegun M. Ankle
brachial index as a surrogate to vascular imaging in
evaluation of peripheral artery disease in patients
with type 2 diabetes. BMC Cardiovasc Disord.
2021; 21(1): 10. https://doi.org/10.1186/s12872-
020-01821-6.

Swarnalatha A, Prabhu G, Rajarajan S. A Study on
Ankle Brachial Index As A Predictor of Peripheral
Vascular Disease in Type 2 Diabetes Mellitus
Patients Attending A Tertiary Care Hospital. Afr. J.
Biomed. Res. 2024; 27: 2313 - 2330.
https://doi.org/10.53555/AJBR.v27i45.4049

Crique MH, Matsushita K, Aboyans V, Hess CN,
Hicks CW, Kwan TW et al. Lower Extremity
Peripheral ~ Artery  Disease: = Contemporary
Epidemiology, Management Gap, and Future
Directions: a Scientific Statement From the
American Heart Association. Circulation. 2021; 144
9): el71 - el9l.
https://doi.org/10.1161/CIR.0000000000001005
Pfannkuche A, Alhajjar A, Ming A, Walter I, Piehler
C, Mertens PR. Prevalence and risk factors of
diabetic peripheral neuropathy in a diabetic cohort:
Register initiative “diabetes and nerves”. Endocr
Metab Sci. 2020; (1-2): 100053.
https://doi.org/10.1016/j.endts.2020.100053

Singh R, Kishore L, Kaur N. Diabetic peripheral
neuropathy: current perspective and future
directions. Pharmacol Res. 2014; 80: 21 — 35.
https://doi.org/10.1016/j.phrs.2013.12.005

© East African Scholars Publisher, Kenya

203


https://diabetesatlass.org/en
https://doi.org/10.14253/acn.2023.25.1.32
https://doi.org/10.1111/j.1463-1326.2006.00655.x
https://doi.org/10.3390/ijms25020804
https://doi.org/10.1007/s00125-018-4709-9
https://doi.org/10.1056NEJMcp1507631
https://doi.org/10.1016/s0929-8266(98)00026-3
https://doi.org/10.1186/s12872-020-01821-6
https://doi.org/10.1186/s12872-020-01821-6
https://doi.org/10.53555/AJBR.v27i4s.4049
https://doi.org/10.1161/CIR.0000000000001005
https://doi.org/10.1016/j.endts.2020.100053
https://doi.org/10.1016/j.phrs.2013.12.005

Chidiebele Malachy Ezeude et al, East African Scholars J Med Sci; Vol-8, Iss-6 (Jun, 2025): 194-206

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Petropoulos IN, Ponirakis G, Khan A, Almuhannadi
H, Gad H, Malik RA. Diagnosing Diabetic
Neuropathy: Something Old, Something New.
Diabetes Metab J. 2018; 42 (4): 255 — 269.
https://doi.org/10.4093/dmj.208.0056.

Jung J, Kim MG, Kang YJ, Min K, HanKA, Choi H.
Vibration Perception Threshold and Related Factors
for Balance Assessment in Patients with Type 2
Diabetes Mellitus. Int J Environs Res Public Health.
2021; 18 (11): 6046.
https://doi.org/10.3390/ijerph18116046

Bril V, Kojic J, Ngo M, Clark K. Comparison of a
neurothesiometer and vibration in measuring
vibration perception thresholds and relationship to
nerve conduction studies. Diabetes Care. 1997; 20
9): 1360 - 2.
https://doi.org/10.2337/diacare.20.9.1360.

Agrawal R, Reno CM, Sherma S, Christensen C,
Huang Y, Fisher SJ et al. Insulin action in the brain
regulates both central and peripheral functions. Am
J Physiol Endocrinol Metab. 2021; 321 (1): E156 —
E163. https://doi.org/10.1152/ajpendo.00642.2020
Oguejiofor OC, Onwukwe CH, Ezeude CM,
Okonkwo EK, Nwaloxie JC, Odenigbo CU et al.
Objective Peripheral Neuropathy and its Predictors
in Type 2 Diabetic Subjects with Symptoms of
Peripheral neuropathy in Nnewi, South-Eastern
Nigeria. International Journal of Research Studies in
Medical and Health Sciences. 2017; 2 (12): 12 — 16.
Obi PC, Anyanwu AC, Nwatu CB, Ekwueme C,
Mbaike A, Nwako FO et al. Prevalence and
Predictors of Lower Extremity Peripheral Artery
Disease among Adults with Type 2 Diabetes
Mellitus Attending a Tertiary Hospital in Owerri,
Nigeria.  Cardiology and  Angiology: An
International Journal. 2019; 8 (3): 1 — 11.
Agboghoroma OF, Akemokwe FM, Puepet FH.
Peripheral artery disease and its correlates in
patients with type 2 diabetes mellitus in a teaching
hospital in northern Nigeria: a cross-sectional study.
BMC Cardiovasc Disord. 2020; 20 (1): 102.
https://doi.org/10.1186/s/12872-020-01395-3
Ogbera AO, Adeleye O, Solagberu B, Azenabor A.
Screening for peripheral neuropathy and peripheral
arterial disease in pesons with diabetes mellitus in
Nigeria University Teaching Hospital. BMC Res
Notes. 2015; 8: 533.
https://doi.org/10.1186/s13104-015-1423-2.

Haile KE, Asgedom YS, Azeez GA, Amsalu AA,
Kassie GA, Gebrekidan AY. Burden of Peripheral
Artery Disease and risk factors among patients with
diabetes mellitus in sub-Saharan Africa a systematic
review and meta-analysis. BMC Endocrin Disord.
2025; 25: 42. https://doi.org/10.1186/512902-025-
01866-8

Azeez TA, Eguzozie EC, Olalusi O. Diabetic
peripheral neuropathy: A systematic review of
Nigerian patients. Libyan Int. Med. Univ. J. 2021; 6
(1): 12. https://doi.org/10.4103/liu.liuj_62 21.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Oguejiofor OC, Onwukwe CH, Ezeude CM,
Okonkwo EK, Nwalozie JC, Odenigbo CU et al.
Objective Peripheral Neuropathy and its predictors
in Type 2 Diabetes Subjects with Symptoms of
Peripheral Neuropathy in Nnewi, South-Eastern
Nigeria. International Journal of Research Studies in
Medical and Health Sciences. 2017; 2 (12): 12 — 16.
Oguejiofor OC, Onwukwe CH, Ezeude CM,
Okonkwo EK, Nwalozie JC, Odenigbo CU et al.
Peripheral Neuropathy and its clinical correlates in
Type 2 Diabetic subjects Without Neuropathic
Symptoms in Nnewi, South-Eastern Nigeria.
Journal of Diabetology. 2019; 10 910: 21 — 24.
https:// doi.org/10.4103/jod.jod 2 18.

Ikem ET, Enikuomehim AC, Soyoye DO, Kolawole
BA. The burden of diabetic complications in
subjects with type 2 diabetes attending the diabetes
clinic of the Obaemi Awolowo University Hospital,
Ile-Ife, Nigeria — a cross-sectional study. Pan Afr
Med I 2022; 42: 148.
https://doi.org/10.11604/pam;j.2022.43.148,36586.
Kaoje YS, Bello F, Bansi IK, Bakari AG, Yakubu
IM, Lawal Y. Prevalence and severity of distal
symmetrical polyneuropathy among patients with
type 2 diabetes mellitus in Zaria, Nigeria, Diabetes
Updates. 2020; 6: 2 - 4.
https://doi.org/10.15761/DU.000142

Fluckiger R, Woodtli T, Berger W. Quantitation of
glycosylated haemoglobin by boronate affinity
chromatography. Diabetes. 1984; 33: 73 - 7 6.
Hirano T, Nohtomi K, Koba S, Muroi A, Ito Y. A
simple and precise method for measuring HDL-
cholesterol subfractions by a single precipitation
followed by homogenous HDL-cholesterol assay. J
lipid Res. 2008; 49: 1130 - 1136.

Allain CC, Poon LS, Chan CSG, Richmond W, Fu
C. Enzymatic determination of total serum
cholesterol. Clin Chem. 1974; 20: 470 - 475.
Bucolo G, David H. Quantitative determination of
serum triglycerides by the use of enzymes. Clin
Chem. 1973; 19: 476 - 482.

Assmann G, Jabs HU, Kohnert U, Nolte W,
Schriewer H. LDL-cholesterol determination in
blood serum following precipitation of LDL with
polyvinylsulphate. Clin Chim Acta. 1984; 140: 77 -
83..

Ezeude CM, Ijoma UN, Oguejiofor OC, Young EE,
Nwatu BC, Onyenekwe BM et al. Asymptomatic
Cardiovascular Disorders in a Cohort of Clinically
Stable Type 2 Diabetes Mellitus Patients in South
Eastern Nigeria: A Cross Section Study. JAMMR.
2020; 32 (14): 58 - 66.
https://doi.org/10.9734/JAMMR/2020/v32i143059
0

WHO STEPS
http//www.who.int/chp/steps.
McNeely MJ, Boyko EJ, Ahroni JH, Stensel VL,
Reiber SE, Smith DG et al. The independent
contribution of diabetic neuropathy and

Instruments.

© East African Scholars Publisher, Kenya

204


https://doi.org/10.4093/dmj.208.0056
https://doi.org/10.3390/ijerph18116046
https://doi.org/10.2337/diacare.20.9.1360
https://doi.org/10.1152/ajpendo.00642.2020
https://doi.org/10.1186/s/12872-020-01395-3
https://doi.org/10.1186/s13104-015-1423-2
https://doi.org/10.1186/s12902-025-01866-8
https://doi.org/10.1186/s12902-025-01866-8
https://doi.org/10.4103/liu.liuj_62_21
https://doi.org/10.11604/pamj.2022.43.148,36586
https://doi.org/10.15761/DU.000142
https://doi.org/10.9734/JAMMR/2020/v32i1430590
https://doi.org/10.9734/JAMMR/2020/v32i1430590

Chidiebele Malachy Ezeude et al, East African Scholars J Med Sci; Vol-8, Iss-6 (Jun, 2025): 194-206

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

vasculopathy in foot ulceration: How great are the
risk? Diabetes Care. 1995; 18: 216 — 219.

Rooke TW, Hirsch AT, Misra S, Sidawy AN,
Findeiss K, Golzarian J et al. 2011 ACCF/AHA
focused update of the guideline for the management
of of patients with peripheral artery disease
(updating the 2005 guideline. A report of the
American College of Cardiology
Foundation/American Heart Association task force
on practice guideliones. Circulation.2011; 24: 2020
—2045.

Gowdhaman N, Copal KM, Meganathan M,
Balamurugan K, Mohan J, Vijayalakshmi D. A
study on  vibration perception threshold
measurements in diabetic patients by using
biothesiometer. World Journal of Pharmacy and
Pharmaceutical Sciences. 2015; 4: 1296 1302.S
Chobanian AV, Bakris GL, Black HR, Cushman
WC, Green LA, Izzo JL et al. Seventh Report of the
Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure.
Hypertens. 2003; 42: 1206 - 1252.

National Cholesterol Education Program. Third
Report of the Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults
(ATP 111 Final Report). Circulation. 2022; 106:
3141 - 3421.

U.S. Census Bureau, 2012 Population Estimates and
2012 National Projections. https://www.Census.gov
American Diabetes Association. Peripheral artery
disease in people with diabetes. Diabetes Care.
2003; 26(12): 3333-41.
Doi:10.2337/diacare.26.12.3333. PMID: 14633825.
Mao F, Zhu X, Liu S, Qiao X, Zheng H, Lu B. Age
as an Independent Risk Factor for Diabetic
Peripheral Neuropathy in Chinese Patients with
Type 2 Diabetes. Aging Dis. 2019; 10 (3): 592 —
600. https://doi.org/10.14336/AD.2018.0618.

Goss JR, Stolz DB, Robinson AR, Zhang M,
Arbujas N, Robbins PD. Premature aging-related
peripheral neuropathy in a mouse model of progeria.
Mech Ageing Dev. 2011; 132 (8-9): 437 — 442.
https://doi.org/10.1016/j.mad.2011.04.010.

Suzuki M. Peripheral neuropathy in the elderly.
Handb Clin Neurol. 2013; 115: 803 - 813.
https://doi.org/10.016/B978-0-444-52902-2.00046-
1.

Tall JM, Stuesse SL, Cruce WLR, Crisp T. Gender
and the behavioural manifestation of neuropathic
pain. Pharmacol. Biochem. Behav. 2001; 68 (1): 99
- 104. https://doi.org/10.1016/s0091-
3057(00)00461-5

Abolghasemi J, Rimaz S, Kargarian-Marvasti S.
Evaluation of Factors Affecting Diabetes using
Artificial Neural Networks. Cureus. 2024; 16 (6):
€61860. https://doi.org/10.7759/cureus.61860
Elliot J, Sloan G, Stevens L, Selvarajah D, Cruccu
G, Gandhi RA et al. Female Sex is a risk factor for
painful diabetic peripheral neuropathy: the
EURODIAB prospective diabetes complications

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

study. Diabetologia. 2024; 67: 190 — 198.
https://doi.org/10.1007/s00125-023-06025-Z
Tesfaye S, Vileikyte L, Rayman G, Sindrup SH,
Perkins BA, Baconja M et al. Toronto Expert Panel
on Diabetic Neuropathy. Painful diabetic peripheral
neuropathy: consensus recommendations on
diagnosis, assessment and management. Diabetes
Metab Res Rev. 2011; 27 (7): 629 — 38.
https://doi.org/10.1002/dmrr.1225.

Mogil JS. Sex differences in pain and pain
inhibition: multiple explanations of a controversial
phenomenon. Nat Rev Neurosci. 2012; 13 (12): 859
— 66. https://doi.org/10.1038/nrn3360.

Abraham A, Barnett C, Katzberg HD, Lovblom LE,
Perkins BA, Bril V. Sex differences in neuropathic
pain intensity in diabetes. J Neurol Sci. 2018; 388:
103 - 106.
https://doi.org/10.1016/j.jns.2018.03.008.
Ahrary Z, Khsravan S, Alami A, Najafi Nesheli M.
The effects of supportive-educational intervention
on women with type 2 diabetes and diabetic
peripheral neuropathy: a randomized controlled
trial. Clin Rehabil. 2020;34 (6): 794 — 802.
https://doi.org/10.1177/026921552091
Ybarra-Muiioz J, Jurado-Campos J, Garcia-Gil M,
Zabeleta-de-Olmo E, Mir-Coll T, Zabalegui A et al.
Cardiovascular disease predicts diabetic peripheral
polyneuropathy in subjects with type 2 diabetes: A
10-year prospective study. Eur. J. Cardiovasc. Nurs.
2016; 15 4): 248 - 254.
https://doi.org/10.1177/1474515114565215

Zhu J, Hu Z, Luo Y, Liu Y, Luo W, Du X et al.
Diabetic  peripheral neuropathy pathogenetic
mechanisms and treatment. Front Endocrinol. 2024;
14: 1265372.
https://doi.org/10.3389/fend0.2023.1265372.

Grote CW, Wright DE. Role for Insulin in Diabetic
Neuropathy. Front. Neurosci. 2016; 10: 581.
https://doi.org/10.3389/fnins. 2016.00581.

Pai YW, Lin CH, Lee IT, Chang MH.
Hypoglycaemic episodes and risk of diabetic
peripheral neuropathy in patients with type 2
diabetes. Diabetes Metab. 2019; 45(4): 395 — 398.
https://doi.org/10.1016/j.diabet.2017.09.009

Pasha R, Azmi S, Ferdous M, Kalteniece A, Bashir
B, Gouni-Berthold I et al. Lipids, Lipid-lowering
Therapy, and Neuropathy: A Narrative Review.
Clinical Therapeutics. 2020; 44 (7): 1012 — 1025.
https://doi.org/10.1016/j.clinthera.2022.03.013
Chang KC, Pai YW, Lin CH, Lee IT, Chang MH,
The association between hyperlipidaemia, lipid-
lowering drugs and diabetic peripheral neuropathy
in patients with type 2 diabetes mellitus. PLoS One.
2023; 18 (60: ¢0287373.
https://doi.org/10.1371/journal.pone.0287373
Oyelade BO, OlaOlorun AD, Odeigah LO, Amole
10, Adediran OS. The prevalence of Peripheral
Artery Disease in Diabetic Subjects in South-
Western, Nigeria. Afr. J. Prim. Health Care Fam.

© East African Scholars Publisher, Kenya

205


https://www.census.gov/
https://doi.org/10.14336/AD.2018.0618
https://doi.org/10.1016/j.mad.2011.04.010
https://doi.org/10.1016/B978-0-444-52902-2.00046-1
https://doi.org/10.1016/B978-0-444-52902-2.00046-1
https://doi.org/10.1016/B978-0-444-52902-2.00046-1
https://doi.org/10.1016/s0091-3057(00)00461-5
https://doi.org/10.1016/s0091-3057(00)00461-5
https://doi.org/10.7759/cureus.61860
https://doi.org/10.1007/s00125-023-06025-Z
https://doi.org/10.1002/dmrr.1225
https://doi.org/10.1038/nrn3360
https://doi.org/10.1016/j.jns.2018.03.008
https://doi.org/10.1177/026921552091
https://doi.org/10.1177/1474515114565215
https://doi.org/10.3389/fendo.2023.1265372
https://doi.org/10.1016/j.diabet.2017.09.009
https://doi.org/10.1016/j.clinthera.2022.03.013
https://doi.org/10.1371/journal.pone.0287373

Chidiebele Malachy Ezeude et al, East African Scholars J Med Sci; Vol-8, Iss-6 (Jun, 2025): 194-206

62.

63.

64.

65.

Med. 2012; 14 (1): 354 360.
https://doi.org/10.4102/phctfm.v4il.354

Verma S, Leiter LA, Mangla KK, Nielsen NF,
Hansen Y, Bonaca MP. Epidemiology and Burden
of Peripheral Artery Disease in People with Type 2
Diabetes: A Systematic Literature Review. Diabetes
Ther. 2024, 15: 1893 - 1961.
https://doi.org/10.1007/s13300-024-01606-6

Arora E, Regan R, Surendra VU, Arumugam A.
Prevalence of periphery arterial disease among
individuals with type 2 diabetes in India- A
systematic review and metra-analysis. Diabetes
Metab  Syndr.  2024; 18 (9): 103124.
https://doi.org/10.1016/j.dsx.2024.103124

Akalu Y, Birhan A. Peripheral Artery Disease and
its Associated Factors among Type 2 Diabetes
Mellitus Patients at Debre Tabor General Hospital,
Northwest Ethiopia. J. Diabetes Res. 2020; 2020 (1):
9419413. https://doi.org/10.1155/2020/9419413
Britton KA, Mukamal KJ, Ix JH, Siscovick DS,
Newman AB, deBoer IH et al. Insulin Resistance
and Incident Peripheral Artery Disease in the
Cardiovascular Health Study. Vasc Med. 2012; 17

66.

67.

68.

(2): 85 - 93.
https://doi.org/10.1177/1358863X11436195

Pande RL, Perlstein TS, Beckman JA, Creager MA.
Association of Insulin Resistance and Inflammation
with Peripheral Artery Disease. The National Health
and Nutrition Examination Survey 1999 to 2004.
Circulation. 2008; 118: 33 - 41.
https://doi.org/10.1161/CIRCULATIONAHA.107.
721878

Stein RA, Rockman CB, Guo Y, Adelman MA,
Riles T, Hiatt WR et al. Association between
Physical activity and Peripheral Artery Disease and
Carotid Artery Stenosis in a Self-referred Population
of 3 Million Adults. Vasc Biol. 2014; 35 (1): 206 —
212.
https://doi.org/10.1161/ATVBAHA.114.304161
Metsushita K, Salameh MJ, Allison M. (2025).
Peripheral Artery Disease in Regions with Limited
Socioeconomic Resources. In: Romero T, Nazal
CN, Lanas F. (eds) Global Challenges in
Cardiovascular Prevention in Populations with Low
Socioeconomic Status. Springer, Cham. (pp. 63 —
88). https://doi.org/10.1007/978-3-031-79051-5 4

Cite This Article: Chidiebele Malachy Ezeude, Afoma Marypaula Ezeude, Michael Chinweuba Abonyi, Henry Emeka Ikeabbah,
Harriet Chinwe Nwadimkpa (2025). Vascular Abnormalities in Stable Type 2 Diabetes Patients Attending a Teaching Hospital in South-
Eastern Nigeria: Trends of the Burden and Associations with Conventional Cardiovascular Risk Factors. East African Scholars J Med
Sci, 8(6), 194-206.

© East African Scholars Publisher, Kenya

206


https://doi.org/10.4102/phcfm.v4i1.354
https://doi.org/10.1007/s13300-024-01606-6
https://doi.org/10.1016/j.dsx.2024.103124
https://doi.org/10.1155/2020/9419413
https://doi.org/10.1177/1358863X11436195
https://doi.org/10.1161/CIRCULATIONAHA.107.721878
https://doi.org/10.1161/CIRCULATIONAHA.107.721878
https://doi.org/10.1161/ATVBAHA.114.304161
https://doi.org/10.1007/978-3-031-79051-5_4

