
Journal of Clinical & Translational Endocrinology 34 (2023) 100327

Available online 6 October 2023
2214-6237/© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Peripheral sensory neuropathy is associated with circulating angiopoietins 
in type 2 diabetes patients in Ghana 

Jennifer A. Agyekum a,b, Kwame Yeboah a,* 

a Department of Physiology, University of Ghana Medical School, Accra, Ghana 
b Medical Laboratory Unit, Mamprobi Hospital, Ghana Health Services, Accra, Ghana   

A R T I C L E  I N F O   

Keywords: 
Angiopoietins 
VEGF 
Peripheral sensory neuropathy 
Type 2 diabetes 
VPT 

A B S T R A C T   

Objective: Peripheral sensory neuropathy (PSN) is a common complication of type 2 diabetes (T2DM) that can 
lead to frequent ulcerations, lower extremities, and reduced quality of life. Imbalance in the circulating levels of 
angiogenic growth factors, notably, angiopoietin (Ang)-1, Ang-2 and vascular endothelial growth factor (VEGF) 
may be among the underlying mechanisms of PSN in T2DM patients. We studied the association between PSN 
and angiogenic growth factors, Ang-1, Ang-2 and VEGF in T2DM patients in Ghana. 
Methods: In a case-control study design, PSN was evaluated in 160 patients with T2DM and 108 nondiabetic 
controls using vibration perception threshold (VPT) and diabetic neurological examination (DNE). The definition 
of PSN was abnormal VPT (≥25 mV) or the presence of neuropathic symptoms on examination (DNE score > 3). 
In addition, fasting venous blood samples were collected to measure circulating levels of Ang-1, Ang-2 and VEGF. 
Results: Compared to non-diabetic controls, patients with T2DM had a higher prevalence of PSN using abnormal 
VPT (20.6 % vs 2.8 %, p < 0.001) or neuropathic symptoms (35.6 % vs 3.7 %, p < 0.001). Compared to 
nondiabetic controls, patients with T2DM had increased levels of Ang-2 [597 (274 – 1005) vs 838 (473 – 1241) 
ng/ml, p = 0.018] and VEGF [48.4 (17.4 – 110.1) vs 72.2 (28 – 201.8), p = 0.025] and decreased Ang-1 levels 
[41.1 (30 – 57.3) vs 36.1 (24.7 – 42.1) ng/ml, p = 0.01]. In regression analyses, an increase in Ang-1 levels was 
associated with decreased odds, while an increase in Ang-2 levels was associated with increased odds, of 
abnormal VPT and neuropathic symptoms in T2DM patients. 
Conclusion: In our study population, PSN was associated with reduced plasma levels of Ang-1 and increased 
plasma levels of Ang-2 in patients with T2DM. Therefore, an imbalance of angiopoietins may be associated with 
PSN in T2DM.   

Introduction 

Damage to the peripheral nerves is a common and intractable 
complication of diabetes with the sensory and autonomic nerves 
generally affected [1]. Diabetic peripheral sensory neuropathy (PSN) is 
estimated to affect 7 % of patients within the first year of diabetes 
diagnosis and this can rise to about 50 % for those living with diabetes 
for over 25 years [2]. When we consider patients with asymptomatic 
neuropathic abnormalities as well, the prevalence of PSN might even 
exceed 90 % [3]. Compared to patients without PSN, patients with PSN 
had increased mortality [4] and lower limb amputation, which occurs in 
1 to 2 % of diabetes patients at an extreme economic cost [3,5]. In 
Ghana, data from the main referral hospital indicate that diabetes is a 

major cause of nontraumatic lower limb amputation, accounting for >
90 % of such amputations [6]. Several efforts have been made to di-
agnose PSN early to slow its progression in diabetes patients; however, 
there is presently no effective treatment available except for tight con-
trol of risk factors. This may be due to vague mechanisms and pre-
sentations of PSN that do not reflect the clinical course of the disease 
[1,7]. The manifestations of PSN in diabetes patients depend on the type 
of nerve fibre involved (small or large) and the organs that these nerves 
supply. PSN may be presented as symmetric sensory-motor axonal 
neuropathy, proximal asymmetric painful motor neuropathy, mono-
neuropathy, and autonomic neuropathy which mainly involves small 
nerve fibres [6,8]. There have been several metabolic, inflammatory and 
cellular signalling defects have been postulated to underline the 
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development of PSN in diabetes patients. Prominent among these 
pathophysiological processes of nerve damage in diabetes patients 
include microangiopathy leading to disruption of the blood-nerve bar-
rier, lipid peroxidation and oxidative stress [8,9]. 

Angiogenic growth factors are synthesised and released by body 
tissues to regulate the growth and proliferation of small blood vessels 
[10]. The widely reported angiogenic growth factors in medical research 
include vascular endothelial growth factor (VEGF), angiopoietin 1 (Ang- 
1) and angiopoietin 2 (Ang-2) [11]. Ang-1 is secreted primarily by non- 
endothelial cells, including pericytes, whereas Ang-2 is predominantly 
expressed in endothelial cells, stored in Weibel-Palade bodies, and is 
rapidly released in response to specific stimuli [10,11]. Ang-1 regulates 
the circumferential growth required for vessel maturation and stabili-
sation, while Ang-2 / VEGF promotes vessel proliferation. Vascular 
dysfunction has been involved in the pathogenesis of PSN in diabetes 
patients [12], as demonstrated by high-grade microangiopathic changes 
in endoneurial microvessels from nerve biopsy predict the development 
of evident neuropathy in people with abnormal glucose metabolism 
[13]. Abnormalities in endoneurial capillaries are related to the 
expression of angiogenic growth factors [14]. Furthermore, angiopoie-
tins and VEGF have been reported to have direct effects on neurons in 
the peripheral and central nervous system, such as inhibition of 
neuronal apoptosis and promotion of neurite outgrowth [15]. Therefore, 
we studied the plasma levels of angiogenic growth factors in T2DM 
patients with PSN diagnosed using vibration perception threshold (VPT) 
and diabetic neurological examination (DNE). We hypothesized that, 
compared to T2DM patients without PSN, those with PSN would have an 
imbalance in the circulating levels of angiogenic growth factors. 

Methods 

Study design and subjects 

This study was a case-control design, conducted from December 
2019 to August 2020, at the Korle-Bu Teaching Hospital in Accra, which 
is a tertiary hospital and serves as the main referral hospital in Ghana. 
The study population was selected from two sources: (1) diabetes pa-
tients, selected systematically as every 3rd consecutive patient visiting 
the diabetes clinic and consented to take part in the study, and (2) non- 
diabetic individuals, invited from the surrounding communities and 
conveniently recruited into the study. Individuals with non-traumatic 
limb amputation and those unable to comprehend and comply with 
the protocol requirements (psychological and/or cognitive disorders, 
failure to cooperate, and failure to sign the informed consent document) 
were excluded from the study. In all, 268 subjects, comprising 160 
diabetes patients and 108 non-diabetic individuals were screened for 
PSN. The study was approved by the University of Ghana Medical School 
Ethical and Protocol Review Committee (Protocol ID number: MS-Et/ 
M.2 – P.4.10/2016–2017) and all participants gave their written 
informed consent after thoroughly explaining the procedures involved 
in the study, following the general recommendations of the Declaration 
of Helsinki. 

Anthropometry and BP measurement 

We measured body weight, height, waist and hip circumferences 
using standard protocol [16]. Briefly, body weight was determined twice 
using a homologated electronic scale (Seca 770) following due calibra-
tion (precision ± 0.1 kg), with the patient wearing light clothing with 
shoes removed. Height was also measured with a portable system (Seca 
222) with the patient without shoes in an upright position. Body mass 
index (BMI) was calculated as weight (kg) divided by height squared 
(m2). Waist circumference was measured with a nonelastic tape measure 
at the upper border of the iliac crest, parallel to the floor without 
compressing the skin. Blood pressure was measured three times, with a 
validated Blood Pressure Monitor (Omron 991X, Omron Health Care, 

Japan), at the right upper arm of participants with an appropriate cuff 
size, after at least 5 mins rest, seated comfortably with arm and back 
support. Hypertension was defined as subjects with BP ≥ 140/90 mmHg 
and/or on antihypertensive medication. 

Neurothesiometry and diabetic neurological examination 

Neurothesiometry was performed using a handheld neuro-
thesiometer (Horwell Neurothesiometer, Scientific Laboratory Supplies 
Ltd, Nottingham, UK) to read the vibration perception threshold (VPT) 
from the apex of the big toe of both legs, with the subject in a supine 
position, feet elevated with pillow support, and eyes closed as we pre-
viously reported [6,17]. Participants who failed to provide 3 consistent 
values of VPT within 5 V after seven measurements were excluded from 
the analysis as having conflicting VPTs. The higher VPT values between 
the left and right legs were used as the VPT value for the patient and the 
cut-off points for abnormal VPT were calculated as the VPT ≥ 25 mV. 

Diabetic neuropathy examination (DNE) was performed on all T2DM 
patients by an experienced clinician on the dominant foot. The DNE is a 
hierarchical physical examination consisting of eight items with a total 
score of 16. The DNE score involved the summation of outcomes of eight 
series of assessments that include muscle strength by extension of the 
knee and dorsiflexion of the foot, tricep surae reflex, pinprick to test the 
sensitivity on the finger and sensitivity of the toes assessed by pinprick, 
vibration sensation, sensitivity to touch and joint sensitivity. Each 
assessment was scored 0 – 2, with zero being normal, one representing 
mild–moderate impairment and two being severe impairment. A DNE 
score > 3 defines the presence of neuropathy [18]. 

Biochemical analysis 

Venous blood samples were collected early morning after fasting 
overnight and processed to measure plasma glucose (FPG), plasma 
glucose 2 h after glucose load (2 h PPG) for nondiabetic controls, gly-
cated haemoglobin (HbA1c), total lipoprotein cholesterol, high-density 
lipoprotein cholesterol (HDL), and triglyceride using a biochemical 
analyser (BC 400, Contec, China) and commercial reagents (Randox 
Laboratory Reagents, UK). Low-density lipoprotein cholesterol levels 
were calculated using Friedewald’s formula. 

Plasma levels of Ang-1, Ang-2, and VEGF were measured by sand-
wich enzyme-linked immunosorbent assay using commercially available 
enzyme-linked immunosorbent assay kits (R&D Systems, Minneapolis, 
MN). The assays were performed according to the manufacturer’s rec-
ommendations and the total inter-assay coefficient of variation for the 
three assays was < 7 %. The lowest detection limits for the various 
analytes were 0.03 ng/ml for VEGF, 0.16 ng/ml for Ang-1 and 100 pg/ 
ml for Ang-2. 

Statistical analysis 

Continuous data were analysed with the Shapiro-Wilk test to deter-
mine their distribution, and skewed variables were logarithmically 
transformed before analysis. Data for angiogenic growth factors were 
skewed, and hence logarithm transformation was applied before incor-
poration into regression models. Variables with normal distribution 
were presented as mean ± standard deviation and analysed using the 
student’s T-test or analysis of variance, as appropriate. Variables with 
non-normal distribution were presented as median and interquartile 
range and analysed using the Mann-Whitney U test or Kruskall Wallis 
test, as appropriate. Categorical data were analysed using the χ2 test. 
Logistic regression models were performed to compute adjusted and 
unadjusted odd ratios between PSN and angiogenic growth factors. 
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Results 

Characteristics of study participants 

T2DM patients were similar to nondiabetic controls in terms of 
average age, sex, hypertension, anthropometric indices, blood pressure 
indices and plasma triglyceride levels. T2DM patients had higher levels 
of VPT, FPG, HbA1c and plasma cholesterol. Regarding angiogenic 
growth factors, T2DM patients had higher levels of Ang-2 and VEGF, and 
lower levels of Ang-1 compared to non-diabetic controls (Table 1). 
Concerning the management of T2DM, 38 (23.8 %) patients were on 
lifestyle and diet, 101 (63.1 %) patients were on oral hypoglycaemics 
only and 21 (13.1 %) patients were on both insulin and oral hypo-
glycaemics management. 

Prevalence of PSN 

Concerning PSN, T2DM patients had a higher prevalence of 
abnormal VPT (VPT ≥ 25 mV) and neuropathic symptoms (DNE > 3) 
(Fig. 1). Concerning the various components of DNE, 59 (36.9 %) and 60 
(37.9 %) T2DM patients had reduced muscle strength in the quadriceps 
femoris and tibialis anterior muscles respectively, as well as 39 (24.4 %) 
T2DM patients had decreased triceps surae reflex. Sensitivity to touch on 
the index finger and toe, as well as sensitivity to pinpricks on the toe, 
were decreased in 21 (13.1 %), 37 (23.1 %) and 11 (6.9 %) T2DM pa-
tients respectively, and absent in 5 (3.1 %), 9 (5.6 %) and 6 (3.8 %) of 

T2DM patients respectively. Perception of vibration on the big toe was 
diminished in 45 (28.1 %) and absent in 35 (21.3 %) T2DM patients. 
Joint position sensation was reduced in 18 (11.3 %) and absent in 3 (1.9 
%) T2DM patients. In the non-diabetic controls, 8 (7.4 %) and 5 (4.6 %) 
had reduced muscle strength in the quadriceps femoris and tibialis 
anterior muscles respectively; 4 (3.7 %) had decreased triceps surae 
reflex. Sensitivity to touch on the index finger and toe, as well as 
sensitivity to pinpricks on the toe, were decreased in 5 (4.6 %), 10 (9.3 
%) and 9 (8.3 %) participants, respectively; perception of vibration on 
the big toe was decreased in 13 (12 %) participants and position 
sensation was reduced in 2 (1.9 %) participants. None of the nondiabetic 
participants had any insensitivity to touch, pinpricks and vibration. 

PSN and angiogenic growth factors 

Compared to patients with VPT < 25 mV, T2DM patients with VPT ≥
25 mV had lower levels of Ang-1 and higher levels of Ang-2. No sig-
nificant difference in VEGF levels was observed between T2DM patients 
with and without abnormal VPT (Fig. 2). Similarly, compared to patients 
without overt neuropathic symptoms, T2DM patients with neuropathic 
symptoms (DNE score > 3) had lower levels of Ang-1 and higher levels of 
Ang-2. There was no significant difference in VEGF levels between 
T2DM patients with and without neuropathic symptoms (Fig. 3). 

Association between PSN and angiogenic growth factors 

In both univariate and multivariate logistic regression analyses, an 
increase in log Ang-1 level was associated with decreased odds of 
abnormal VPT, while an increase in log Ang-2 was associated with 
increased odds of abnormal VPT. In addition, an increase in log Ang-1 
levels was associated with decreased odds of neuropathic symptoms 
and an increase in log Ang-2 was associated with increased odds of 
neuropathic symptoms in unadjusted and adjusted models. There was no 
association between VEGF and abnormal VPT or neuropathic symptoms 
in T2DM patients (Table 2). 

Discussion 

The findings of this study are (1) PSN, assessed abnormal VPT or 
DNE, was common in T2DM patients in Ghana, (2) T2DM patients had 
decreased plasma Ang-1 levels and increased plasma levels Ang-2 and 
VEGF, and (3) in T2DM patients, Ang-1 was associated with decreased 
odds of having PSN whereas Ang-2 was associated with increased odds 
of having PSN. Previous studies in Ghana have reported an imbalance in 
angiogenic growth factors in T2DM patients and associated it with 
reduced glomerular filtration rate [19] and peripheral arterial disease 
[20]. The current study is among the few reported study that has 
investigated the association between angiopoietins and PSN assessed by 
VPT and neuropathic symptoms in T2DM. 

In this study, the prevalence of PSN by VPT and DNE were 20.6 % 
and 35.6 % in T2DM patients and 2.8 % and 3.7 % in nondiabetic 

Table 1 
General characteristics of study participants by diabetes status.   

All 
participants 
(n = 268) 

T2DM 
patients (n 
= 160) 

Non- 
diabetic 
controls (n 
= 108) 

p 

Age, yrs 54.1 ± 10.2 53.7 ±
10.1 

54.6 ± 10.3 0.54 

Females, n (%) 134 (50) 72 (45) 61 (56.5) 0.065 
Hypertension, n (%) 164 (61.2) 104 (61.9) 39 (36.1) 0.12 
Diabetes management      

Lifestyle & diet  38 (23.8)    
Oral 
hypoglycaemics  

101 (63.1)    

Insulin and oral 
hypoglycaemics  

21 (13.1)   

Weight, kg 79.5 ± 14.9 79.9 ±
15.5 

79 ± 14.3 0.672 

Height, cm 166 ± 8.4 167 ± 8 164 ± 9 0.061 
BMI, kg/m2 29.1 ± 5.7 28.9 ± 5.9 29.4 ± 5.5 0.571 
Waist circumference, 

cm 
98 ± 14 99 ± 12 96 ± 15 0.073 

Waist-hip ratio 0.91 ± 0.11 0.92 ±
0.07 

0.9 ± 0.14 0.382 

Systolic BP, mmHg 139 ± 30 141 ± 26 135 ± 34 0.174 
Diastolic BP, mmHg 83 ± 13 83 ± 13 82 ± 14 0.594 
Pulse BP, mmHg 59 ± 14 59 ± 14 58 ± 13 0.485 
Heart rate, bpm 71 ± 17 75 ± 13 65 ± 19 <0.01 
FPG, mmol/l 6.9 ± 3.2 8.4 ± 2.9 5 ± 2.5 <0.01 
2 h-PPG, mmol/l 7.8 ± 1.4  7.8 ± 1.4  
Triglycerides, mmol/l 1.1 ± 0.5 1.1 ± 0.5 1.2 ± 0.6 0.586 
Total cholesterol, 

mmol/l 
4.7 ± 1.5 5.5 ± 1.4 3.9 ± 1.1 <0.001 

HDL cholesterol, 
mmol/l 

0.9 ± 0.2 0.7 ± 0.2 1.2 ± 0.4 0.025 

LDL cholesterol, mmol/ 
l 

3.2 ± 1.4 3.9 ± 1.3 2.7 ± 1.4 <0.001 

HbA1c, % 7.8 ± 3.2 9.7 ± 3.4 5.3 ± 1.6 <0.001 
Angiopoietin-1, ng/ml 38.2 (25.7 – 

47.9) 
36.1 (24.7 
– 42.1) 

41.1 (30 – 
57.3) 

0.01 

Angiopoietin-2, ng/ml 740 (392 – 
1107) 

838 (473 – 
1241) 

597 (274 – 
1005) 

0.018 

VEGF, pg/ml 63.2 (21.2 – 
157.8) 

72.2 (28 – 
201.8) 

48.4 (17.4 – 
110.1) 

0.025 

VPT, mV 8.9 ± 6.2 18.1 ± 7.8 6.3 ± 3.8 <0.001  

Fig. 1. Prevalence of peripheral sensory neuropathy among study participants.  
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controls respectively. The prevalence of PSN in non-diabetic controls in 
our study is consistent with the report of peripheral neuropathies in the 
general population, which is within the range of 1 – 7 % [21], and this 
has been attributed to alcoholism [22], vitamin deficiency [23], chronic 
exposure to recreational drugs and heavy metal [24] and medications 
[8,21]. The prevalence of PSN in T2DM patients in the current study is 
consistent with our previous studies in T2DM patients that reported the 
prevalence of PSN to be 15.2 % using VPT ≥ 25 [6] and 16.6 % using 
VPT > 97.5th percentile of age and gender-adjusted cut-off [17]. Simi-
larly, the prevalence of PSN was reported in Cameroonian T2DM pa-
tients to be 33.3 % by the DNE score > 3 [18]. A recent meta-analysis 
estimated the prevalence of PSN in diabetes patients in sub-Saharan 
Africa to be 46 %; however, most of the studies included in this anal-
ysis used standardised neuropathy questionnaires that have not been 
validated for the local populations [25]. The use of a neuropathic 
symptoms questionnaire without appropriate psychometric testing and 
validation may result in erroneous scoring and categorization of study 
participants [26–28]. This is the reason we chose to employ VPT and 

DNE to screen for PSN in this study instead of a symptomatic score. 
The findings of this study indicate disruption of the balance in the 

levels of angiogenic growth factors in T2DM patients leading to 
increased expression of Ang-2 and VEGF and inhibition of Ang-1 
expression, and this is consistent with our previous studies in T2DM 

Fig. 2. Levels of angiogenic growth factors by VPT categorization among 
T2DM patients. 

Fig. 3. Levels of angiogenic growth factors by DNE scores among 
T2DM patients. 

Table 2 
Association between vascular growth factors and abnormal VPT in T2DM pa-
tients (n = 160).   

Angiogenic growth factors Odds ratio (95 % CI) p 

VPT > 25 mV   
Unadjusted model Ang-1 0.73 (0.36 – 0.92)  0.002  

logAng-2 2.41 (1.19 – 5.69)  0.006  
logVEGF 1.51 (0.73 – 5.81)  0.201 

Adjusted model Ang-1 0.87 (0.28 – 0.98)  0.018  
logAng-2 1.93 (1.04 – 4.69)  0.031  
logVEGF 2.65 (0.87 – 4.85)  0.139 

DNE score > 3  
Unadjusted model Ang-1 0.84 (0.37 – 0.91)  0.031  

logAng-2 2.63 (1.28 – 4.07)  <0.001  
logVEGF 2.11 (1 – 7.61)  0.067 

Adjusted model Ang-1 0.88 (0.32 – 0.97)  0.044  
logAng-2 1.75 (1.05 – 4.01)  0.045  
logVEGF 1.96 (0.94 – 5.02)  0.098 

The adjusted model includes age, gender, hypertension, BMI, diabetic medica-
tion/management, total cholesterol and triglyceride levels. 
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patients in Ghana [19,20]. The reduction in Ang-1 levels and increase in 
Ang-2 levels observed in T2DM patients with PSN in this study is 
consistent with the findings in Austrian [29], British [30] and Saudi [31] 
T2DM patients. Hyperglycemia and inflammation, common in T2DM 
disease, increase the expression and release of Ang-2 and this suppresses 
the expression of Ang-1, resulting in decreased neuroprotection activity. 
Concerning VEGF levels, regardless of higher levels in T2DM patients 
compared to non-diabetic controls, we did not find any differences in 
VEGF between T2DM with and without PSN. This is consistent with a 
study in Greek T2DM patients that reported no difference in circulating 
VEGF levels between patients with and without peripheral poly-
neuropathy [32]. In contrast to our findings, Sugimoto et al reported 
that the expression of immunoreactive VEGF in the skin microvessels 
was lower in T2DM patients with PSN compared to those without PSN 
[33]. 

Angiopoietins have direct effects on nerve functioning and survival, 
and imbalance may result in neuropathy [15]. For example, Ang-1 has 
been reported to be neuroprotective by suppressing neural apoptosis 
through the activation of phosphatidyl-inositol 3-kinase [34] and fa-
vours neurite outgrowth in cultured dorsal root ganglion cells [35]. In 
addition, Ang-1 can oppose cell death in neurons exposed to oxygen- 
glucose deprivation/recovery [9] and in nerve injury, there is 
microRNA-targeted Ang-1 mRNA to reduce Ang-1 expression [36]. 
Therefore, reduced levels of Ang-1 may have adverse effects on nerve 
function as observed in T2DM patients with PSN in this study. Indirect 
effects of angiopoietins may also be through their effects on the micro-
vessel, with imbalanced levels of Ang-1 and Ang-2 leading to micro-
vascular disorganization which can affect nutrient and oxygen delivery 
to nerves [11,15]. As demonstrated in ultrastructural morphometric 
analysis, diabetic patients with neuropathy have abnormalities in the 
capillaries that supply the main peripheral nerves, such as a significant 
reduction in the endoneurial capillary density and thickening of the 
capillary basement membrane [13,37]. Peripheral nerves have few 
transperineurial arterioles penetrating their endoneurium, resulting in 
sporadic arteriolar perfusion of peripheral nerves and this can be 
severely compromised when there is an imbalance in angiopoietins 
levels in diabetes [38]. Furthermore, the mechanisms of PSN are similar 
to that of renal dysfunction which has been reported to cause an 
imbalance in the levels of circulating angiogenic growth factors [39]. 
Further studies can investigate the expression of the angiogenic growth 
factors in PSN patients with and without renal dysfunction. 

Limitations of the study 

The objective assessment of PSN may include nerve conduction 
studies and skin biopsies, which are physician/patient independent [7]. 
However, these methods may require sophisticated equipment and set- 
up that may limit their application in the poor-resourced sub-Saharan 
African setting. In this study, we used DNE and VPT independently for 
the diagnosis of PSN. The DNE has been reported to have comparable 
discriminatory potential as nerve conduction studies in diabetes patients 
[40]. Neurological findings associated with nerve functions performed 
on DNE tests may account for the morbidity associated with PSN in 
T2DM patients [1,7]. In addition, abnormal VPT values have been re-
ported to predict the long-term complications of ulceration and ampu-
tation [41,42], and hence, they can be employed in epidemiological 
studies. However, the utility of VPT for the diagnosis of PSN may be 
limited by the bias of the device used [43] and patient factors such as 
attention, motivation, and fatigue [44]. In our study, a deliberate effort 
was made to ensure that the participants understood the procedure and 
cooperated fully during VPT measurements. 

The design of this study, cross-sectional data collection, implies that 
we cannot infer causality; whether an imbalance of angiogenic growth 
factors results in PSN or PSN precedes aberration in circulating levels of 
angiogenic growth factors. Additionally, the diabetes patients were 
recruited from tertiary health institutions, and therefore, the findings 

may differ from diabetes patients recruited from primary health care 
centres across Ghana. In addition, we did not collect information on all 
medications used by T2DM patients and non-diabetic controls. It may be 
possible that current or previous medications taken by T2DM patients 
and non-diabetic controls may have potentially impacted the angiogenic 
factor levels. 

Conclusion 

In this study, compared to nondiabetic controls, T2DM patients had a 
high prevalence of PSN assessed by VPT and DNE. T2DM patients had 
low Ang-1 levels and high Ang-2 and VEGF levels compared to nondi-
abetic controls. Furthermore, a decrease in Ang-1 levels and an increase 
in Ang-2 levels were associated with a higher probability of PSN. 
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