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Abstract: Background: The burden of foot ulceration and amputation among persons living with diabetes mellitus is quite 

huge and peripheral neuropathy is a well known risk factor for this. The prevalence of peripheral neuropathy and associated 

factors among persons living with diabetes, using an objective assessment (biothesiometer), is unknown in our study 

environment. Method: This was a cross-sectional study involving 108 age matched diabetes mellitus patients and controls. The 

study was conducted in the Diabetes Clinic of the University of Uyo Teaching Hospital, in Southern Nigeria. Basic 

demographics and other parameters such as duration of diabetes and glycated haemoglobin were recorded. All participants 

were recruited consecutively and screened for vibration perception threshold (VPT) using a biothesiometer. Participants with 

VPT ≥ 25 were considered to have significant neuropathy. Results: Significant neuropathy was recorded in 18 (33.3%) of the 

54 diabetes patients. Only 3 (5.5%) of the 54 controls had significant neuropathy (p<0.01). The diabetes patients with 

significant neuropathy had a mean HbA1c of 8.9% compared to 7.3% for diabetes patients without significant neuropathy 

(p=0.02). The mean age of the diabetes patients with peripheral neuropathy was 54.0±2.3 years compared to 48.3±1.9 years for 

the diabetes patients without peripheral neuropathy (p<0.01). The mean duration of diabetes among diabetes patients with 

significant neuropathy was 10.3 years compared to 6.7 years for diabetes patients without significant neuropathy (p=0.01). 

Conclusion: There is a high prevalence of significant peripheral neuropathy among diabetes patients as determined using a 

biothesiometer. Early detection and achieving a good glycaemic control may help in reducing this burden which exposes the 

patients to the risk of possible amputation, depression and even death. 
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1. Introduction 

Over the years, the prevalence of Diabetes mellitus (DM) 

has greatly increased globally. Sub-saharan Africa and 

Nigeria in particular is not spared by the sporadic rise in the 

prevalence of this chronic metabolic disorder. About 537 

million adults are currently living with DM while an 

additional 374 million people have prediabetes and are at risk 

of developing T2DM [1]. It is projected that by the year 2045, 

the global prevalence of DM would have risen to 783 million 
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with sub-saharan Africa accounting for a significant number 

of those affected [1]. 

Diabetes mellitus is known to cause several complications 

which places a huge burden on the patient and their 

caregivers. One of such complications which could 

eventually lead to diabetes mellitus foot syndrome (DMFS), 

amputation and possible death, is diabetic peripheral 

neuropathy (DPN) [2]. Diabetes mellitus is among the 

commonest causes of lower extremity amputation. In one 

study, diabetes was found to cause a higher incidence of 

amputation than road traffic accident [3]. Peripheral 

neuropathy, which is the commonest reported chronic 

complication of DM, is an important risk factor for DMFS 

and lower extremity amputation. It most commonly presents 

with a reduction or absence of vibration sense in the toes. It 

can be assessed using different methods including the use of 

10g Semmes -Weinstein monofilament testing, 128 HZ 

tuning fork or via the use of a biothesiometer [4]. 

Biothesiometer is a sophisticated handheld device that 

quantitatively assesses the vibration sense by measuring the 

vibration perception threshold (VPT), which is considered 

the gold standard for the diagnosis of diabetic peripheral 

neuropathy [4]. The biothesiometer can easily be used in the 

outpatient setting to assess persons living with diabetes for 

early and subclinical DPN. Early identification of those with 

DPN using this instrument, has been shown to greatly reduce 

the risk of DMFS and consequent amputation and deaths 

among diabetes patients [5]. Unfortunately, most patients 

with DPN, often present late with irreversible nerve damage. 

There is no documented evidence of a study on DPN using a 

biothesiometer as the benchmark for assessment in our study 

environment, hence the need for this study. 

2. Methodology 

This was a cross-sectional descriptive study conducted in 

the Endocrinology, Diabetes and Metabolism Clinic of the 

University of Uyo Teaching Hospital (UUTH). The 

University of Uyo Teaching Hospital is located in Akwa-

Ibom state, Southern Nigeria and is one of two tertiary 

healthcare centres in the state. It basically offers specialist 

care to inhabitants of Uyo, an urban settlement and capital of 

Akwa-Ibom state. It also receives referral from surrounding 

cities in Nigeria and neighboring Cameroon. The Endocrine 

clinic of UUTH is run twice weekly by a team of Consultants 

and a number of Specialist Senior registrars and registrars in 

training. The first clinic is a Specialist clinic that caters 

strictly for persons living with diabetes mellitus while the 

other clinic focuses on other endocrine cases as well as 

general medical cases. An average of seventy patients are 

seen weekly in the diabetes clinic of UUTH. Patients from 

virtually all tribes in Nigeria are seen in UUTH, Uyo. 

The study was conducted over a three months period, 

starting from September and terminating in November of 

2018. A total of one hundred and eight participants were 

recruited for the study. Fifty four of the participants were 

persons living with diabetes mellitus while the remaining 

fifty four were recruited as controls for the study. 

Recruitment of diabetes patients was done consecutively on 

every Diabetes clinic day. The first twenty patients in the 

clinic register were contacted and those who consented were 

enrolled for the study. The consenting patients were given 

appointment to visit the diabetes clinic for the study proper. 

An average of ten diabetes patients were enrolled into the 

study weekly. On the day of the study, while in the diabetes 

clinic, the patients biodata including duration of diabetes 

were recorded. They were examined and blood samples taken 

for fasting plasma glucose and glycated haemoglobin after 

taking the necessary precautions. Glycosylated haemoglobin 

(HbA1c) was assayed using a fully automated Boronate 

Affinity assay for the determination of the percentage of 

hemoglobin A1C (HbA1c %) in whole blood. Poor 

glycaemic control consisted of glycosylated hemoglobin 

(HbA1c) levels of ≥7%. The feet of the participants were 

then assessed in a standardized fashion by a single observer, 

to determine the VPT using a biothesiometer (see Figure 6). 

The VPT was measured at the distal plantar surface of the 

great toe of both feet. The voltage was slowly increased at 

the rate of 1MV/sec. The VPT score was defined as the 

voltage when the subject first indicated that he or she can feel 

the vibration. The mean of three records were taken and 

neuropathy was diagnosed if the VPT was ≥25mV. The 

evaluation of the DM patients was done over a six weeks 

period. The controls were recruited from members of staff of 

the hospital, relatives and caregivers of patients, who were 

non-diabetic. They were assessed like their diabetes 

counterparts as described above. 

Data obtained was arranged into tables and charts and 

analyzed using the statistical package for the social sciences 

version 20 (SPSS version 20). Data distribution for normality 

was done using the Pearson’s test. Summary description of 

data was listed as mean, median, standard deviations, 

confidence intervals, proportions and tables. The comparison 

of categorical variables was determined using Chi square 

with the level of significance set at p values <0.05. 

3. Results 

3.1. Anthropometric and Clinical Indices of Participants 

The anthropometric and clinical indices of the study 

Participants is shown in table 1. The diabetes patients and 

controls are equally matched by age with mean ages of 

51.9±5.9 and 50.9±4.6 respectively for the DM and controls 

(p=0.35). The diabetes patients had a higher mean blood 

pressure compared to the controls and the difference was 

significant (p=0.01). The glycaemic control of the diabetes 

patients was suboptimal with a mean HbA1c of 8.1±1.3%. 

The diabetes patients had a statistically significantly higher 

vibration perception threshold compared to the controls, 

32.5±2.3 vs 23.8±1.9 (p<0.01). 
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Table 1. Anthropometric and clinical indices of participants. 

VARIABLES MEAN ±SD (DM) MEAN±SD (CONTROLS) STUDENT T-TEST P-VALUE 

AGE (YRS) 51.9±5.9 50.9±4.6 0.64 0.35 

DM DURATION 8.5±1.3    

Systolic BP (mmHg) 148.7±20.8 131.4±12.5 3.15 0.01 

Diastolic BP (mmHg) 88.9±8.4 73.8±9.0 3.98 0.01 

HbA1c (%) 8.1±1.3 5.2±0.9 6.51 <0.01 

WC (cm) 90.3±11.5 87.7±10.5 0.83 0.17 

BMI (kg/m2) 26.3±3.6 26.9±4.6 0.45 0.51 

VPT 32.5±2.3 23.8±1.9 7.95 <0.01 

WC=Waist Circumference, VPT=Vibration Perception Threshold 

3.2. Comparison of Diabetes Patients Using Peripheral 

Neuropathy. 

The diabetes patients who had peripheral neuropathy were 

compared with their counterparts without peripheral 

neuropathy using some criteria as shown in table 2. The DM 

patients with peripheral neuropathy were older than their 

counterparts without peripheral neuropathy (54.0±2.3 vs 

48.3.±1.9) and this difference was statistically significant 

(p<0.01). Also, the duration of diabetes was longer among 

diabetes patients with peripheral neuropathy compared to 

diabetes patients without peripheral neuropathy, 10.3±1.2 vs 

6.7±0.3 (p<0.01). The mean systolic and diastolic blood 

pressure of the DM patients with peripheral neuropathy was 

higher compared to their counterparts without peripheral 

neuropathy (p=0.01, p=0.02 respectively). The DM patients 

with peripheral neuropathy had a higher mean HbA1c 

compared to DM patients without peripheral neuropathy, 

8.9±1.4 vs 7.3±1.3 (p=0.01). 

Also, obesity, using waist circumference and body mass index 

(BMI) was used to compare these two groups of DM patients. 

The mean waist circumference of DM patients with peripheral 

neuropathy was 94.5±4.6, compared to 88.3±3.9 for those 

without peripheral neuropathy (p=0.01). For BMI, the mean for 

the DM patients with peripheral neuropathy was 27.5±1.9 and 

25.8±2.1, for those without peripheral neuropathy (p=0.03). 

Table 2. Comparison of diabetes patients with and without peripheral neuropathy. 

VARIABLES DM PTS WITH PN. MEAN ±SD DM PTS WITHOUT PN. MEAN±SD STUDENT T-TEST P-VALUE 

AGE (YRS) 54.0±2.3 48.3.±1.9 4.13 <0.01 

DM DURATION (YRS) 10.3±1.2 6.7±0.3 4.59 <0.01 

Systolic BP (mmHg) 153.0±9.4 145.0±8.3 3.66 0.01 

Diastolic BP (mmHg) 90.3±3.8 86.2±4.9 2.98 0.02 

HbA1c (%) 8.9±1.4 7.3±1.3 3.55 0.01 

WC (cm) 94.5±4.6 88.3±3.9 3.25 0.01 

BMI (kg/m2) 27.5±1.9 25.8±2.1 2.39 0.03 

PN=Peripheral Neuropathy, WC=Waist Circumference 

3.3 Prevalence of Peripheral Neuropathy Among 

Participants 

 

Figure 1. Prevalence of peripheral neuropathy in all participants. 

The prevalence of peripheral neuropathy among the study. 

Participants was assessed and the result is as shown in 

Figure 1. Among the 54 DM Patients, 18 (33.3%) had 

significant peripheral neuropathy. Among the 54 Controls, 3 

(5.6%) had significant peripheral neuropathy (p<0.01). 

 

Figure 2. Prevalence of peripheral neuropathy among diabetics. 

 

Figure 3. Prevalence of peripheral neuropathy among controls. 
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This finding is further represented as shown in figures 2 

and 3 for the DM Patients and Controls respectively. 

3.4. Footcare Awareness Among Diabetes Participants 

The study participants living with diabetes were assessed 

to know their level of awareness concerning footcare as a 

preventive measure for foot ulceration and amputation. As 

shown in Figure 4, 40 out of the 54 patients representing 74% 

said that they had never received any formal education on 

footcare. Out of the 40 DM patients with poor knowledge of 

footcare, 30 (75%) had significant peripheral neuropathy 

(p<0.01). This is shown in Figure 5. 

 

Figure 4. Footcare awareness among diabetics. 

 

Figure 5. Peripheral neuropathy among diabetics with poor footcare 

knowledge. 

 

Figure 6. Pic. showing exam. of one of the participants using a 

biothesiometer. 

4. Discussion 

Healthcare professionals are increasingly becoming aware 

of the need for early detection of the main risk factors for 

DM foot ulcerations since this particular complication has 

been linked with high disease morbidity and mortality 

especially in resource-constrained settings like ours. Aside 

from foot ulceration, other common sequelae of DPN include 

leg amputation and painful DPN, often leading to anxiety, 

depression, sleep disorders, reduced quality of life and death 

in extreme cases [6]. 

Impaired vibration sense is an early sign of neuropathy, 

hence its assessment is an important element in the 

neurological examination of the patient with diabetes 

mellitus. In a Study that compared the efficacy of the use of a 

biothesiometer with that of the tuning fork, the 

biothesiometer was found not only to have comparable 

efficacy to the tuning fork but was more useful in large 

outpatient clinics [7]. In this study, significant peripheral 

neuropathy (SPN) was present in one-third of the diabetes 

population. Also, demonstrated in this study is a positive 

relationship between increasing age, duration of DM, 

glycated haemoglobin levels and the presence of SPN. A 

similar Nigerian study by Ogbera et al [8], screened DM 

patients for peripheral neuropathy (PN) using a 

biothesiometer and reported a higher prevalence of 56%. 

Another Nigerian study reported that biothesiometry detected 

PN in 47.8% of those with duration of DM < 5 yrs and in 

100% of those with DM duration > 15 years [9]. In India, a 

crossectional comparative study evaluated the role of 

biothesiometry in the diagnosis of diabetes peripheral 

neuropathy in newly diagnosed patients. The study reported a 

prevalence of 43.3% [10]. The higher prevalence of SPN in 

some of these studies can be explained by a lower VPT cut 

off (>15 volts) used especially in the Indian and Ogbera 

studies as opposed to 25 volt used in this study. The use of 

biothesiometry with a cut of of 25 volt is considered the gold 

standard method of evaluating for peripheral neuropathy [11]. 

The pathogenesis of diabetic peripheral neuropathy is 

complex and is marked by both metabolic and vascular 

factors [12]. Chronic hyperglycemia is only one of the many 

key metabolic factors known to cause axonal and 

microvascular injury leading to SPN. A comprehensive, but 

by no means exhaustive list of key players include 

hyperglycemia, toxic adiposity, oxidative stress, 

mitochondrial dysfunction, activation of the polyol pathway, 

accumulation of advanced glycation end products (AGEs), 

and elevation of inflammatory markers [13]. Glucose uptake 

in peripheral nerves is independent of insulin and high blood 

glucose levels in DM thus leading to high nerve glucose 

concentrations which stimulate the polyol pathway. The 

result is the increased production of sorbitol and fructose in 

the nerve tissue, which cause nerve fiber swelling through 

their osmotic action, with resultant peripheral nerve damage 

and dysfunction [14]. 

The role of increasing age as a contributor to the rising 

incidence of diabetes peripheral neuropathy has been 

highlighted as one of the findings from this study. A cross-

sectional descriptive study conducted in Lagos, Nigeria, 

reported a similar finding and even concluded that being 

elderly was a predictor of PN [8]. A systematic review and 

meta analysis of risk factors for DPN by Liu et al [15], 

documented a significant association between increasing age 

and the risk of developing SPN among diabetes patients. 

Also, shown from this study is a statistically significant 
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association between the duration of DM and SPN. Several 

local and international studies corroborate this finding which 

is not unusual. A study in Jordan by Khawaja et al [16], 

noted that the duration of DM was the strongest predictor of 

DPN. Duration of diabetes is one factor that has been 

implicated in virtually all the chronic complications of DM 

including DPN. Oguejiofor et al also noted in a study in 

Nnewi, Nigeria, that, as the duration of DM increased, the 

risk of developing PN and subsequently diabetic foot disease 

increased even in those without symptoms of PN [17]. This is 

so because DM is known to be a progressive metabolic 

condition with complications including peripheral 

neuropathy, setting in as the duration of the condition 

increased [6]. 

The association of a longer duration of DM with PN is 

probably due to increased production of advanced 

glycosylation end products (AGEs) resulting in damage to 

endothelial cells of the vasa nervorum that supplies the nerves 

with the consequent damage to the nerves. This is known to 

occur over time in the course of the DM history [18]. 

A positive association between long term glycaemic control 

using glycated Haemoglobin (HbA1c) and SPN, is shown in 

this study. Poor glycaemic control as defined by a higher than 

normal HbA1c (>7%) was associated with a higher prevalence 

of SPN. Similar findings have been reported by several 

researchers both local and international. A possible 

relationship between glycaemia and PN was pointed out by 

findings from the UKPDS [19]. Ogbera et al [8] went further 

to report that poor long-term glycaemic control i.e HbA1c > 

7% is an important predictor of PN. A more intensive 

approach to glycaemic control has been known to slow the 

progression of DM including the onset of complications like 

peripheral neuropathy [20]. A better glycaemic control has 

been shown to improve clinical outcome in diabetes peripheral 

neuropathy [21, 22]. Intensively controlling glycaemia as a 

preventive measure is necessary because the response to the 

various treatment options for peripheral neuropathy so far has 

not been encouraging [23]. 

The level of foot care awareness among the diabetes 

participants from this study is poor. Majority of the diabetes 

participants with significant peripheral neuropathy admitted 

to having a poor knowledge of foot care. The finding of poor 

foot care knowledge in persons with background DPN further 

increases the risk of foot ulceration. A similar finding has 

been reported by other researchers [24, 25]. Also, known to 

be associated with poor knowledge and practice of foot care 

is an increased incidence of diabetic foot ulceration, often a 

precursor to amputation and possible death [26]. 

5. Conclusion 

There is a high prevalence of significant peripheral 

neuropathy among diabetes mellitus patients as 

determined using a biothesiometer, considered the gold 

standard for diagnosing peripheral neuropathy. 

Participants with poor glycaemic control and long 

duration of diabetes were more affected. Early detection 

and achieving a good glycaemic control may help in 

reducing this burden which exposes the patients to the risk 

of possible amputation and death. 

6. Recommendations 

This study has shown that peripheral neuropathy is 

common among diabetes patients with poor glycaemic 

control. A follow up study to determine the effect of 

improved glycaemia on the prevalence and severity of 

peripheral neuropathy is recommended. Also, a study to 

further elucidate the knowledge and practice of footcare 

among participants is recommended. 
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