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Introduction: Diabetes mellitus is a chronic metabolic disorder which has the
potential of leading to the development of microvascular complications such as
retinopathy, nephropathy and neuropathy. Peripheral sensory neuropathy is
common among persons with type 2 diabetes, and manifests as loss of sensory
modalities such as touch, joint position and vibration sense. The vibrometer is an
electronic device used in clinical diagnosis of peripheral neuropathy as well as in
quantifying the extent or severity of the condition.
Aim: to determine the prevalence of peripheral neuropathy among individuals
with type 2 diabetes, as well as outline its associated predisposing factors.
Methodology: One hundred (100) adults with type 2 diabetes participated in the
study. Relevant history such as age, sex, and duration of diagnosis of diabetes was
obtained from each participant. Anthropometric indices – height, weight and waist
circumference—were also measured. A vibrometer was used to assess vibration
perception threshold (VPT) in both feet of each participant. A VPT of greater than
15 volts in one or both feet was used as diagnosis of peripheral neuropathy. Serum
lipids (triglycerides and cholesterol) were also assayed.
Results: Females comprised 68% of the study population. Mean age of study
participants was 57.8±11.6 years and mean duration of diagnosis of diabetes was
10.1±6.6 years. Prevalence rate of peripheral neuropathy in study population was
75%. The independent predictors of peripheral neuropathy were age (OR = 4.00;
95% CI 1.46 – 10.77) and duration of diagnosis of diabetes ≥ 10 years (OR = 3.37
95% CI 1.23 – 9.25).
Conclusion: the risk of developing diabetic peripheral neuropathy increases with
age and with the length of time an individual has been known to have diabetes
mellitus. This information will be helpful in identifying high risk groups during
screening programmes for diabetic peripheral neuropathy.
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INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder
characterized by hyperglycaemia resulting from insufficient
amounts of insulin, resistance to insulin action, or a
combination of both (ADB,2006). The predominant form of
the disease, type 2 diabetes, is very often diagnosed only
when complications begin to occur. These include
macrovascular complications such as cerebrovascular
disease and coronary artery disease, as well as
microvascular complications, such as retinopathy,

nephropathy and neuropathy. These complications are
responsible for the increased morbidity and mortality
associated with diabetes mellitus (Bailes, 2002). Stroke
and myocardial infarction occurring in the setting of
diabetes mellitus are potentially life-threatening conditions,
if not managed properly. Diabetic retinopathy, nephropathy
and neuropathy are all associated with reduced quality of
life, due to increased risk of blindness, End Stage Renal
Disease and limb amputations (Dagogo-Jack, 2002). There
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Figure 1 : Vibrometer (Diabetik Foot Care Pvt Limited India)

is also the economic burden associated with these
conditions due to the relatively high cost of care involved in
their management. This is particularly a challenge in
countries like Nigeria where a lot of its residents do not
have access to affordable health care services (Ogbera and
Ekpebegh, 2014; Fasanmade and Dagogo-Jack, 2015).
Diabetic neuropathy commonly manifests as peripheral
neuropathy affecting sensory and motor nerves, although
other nerves such as cranial nerves and autonomic nerves
may also be affected. Peripheral neuropathy involving
sensory nerves may be asymptomatic, or may present with
symptoms such as numbness, paraesthesia or burning pain
in the hands and/or feet (Davies et al., 2006). When a foot is
rendered insensate as a result of peripheral neuropathy, it
is predisposed to the development of neuropathic ulcers
which are a leading cause of limb amputation (Poncelet,
2003). A variety of bedside clinical techniques can be used
to demonstrate signs of peripheral neuropathy. These
include the use of the 10g monofilament to assess sensation
on the sole of the feet, tendon hammer for assessment of
Achilles jerk reflex, and the assessment of vibration sense
using a tuning fork or a vibrometer. The combination of
more than one of these techniques increases the diagnostic
accuracy in detecting the presence of peripheral
neuropathy (Armstrong et al., 1998). This combination
approach is employed in certain scoring systems such as
the Michigan Neuropathy Screening Instrument (Ugoya et
al., 2006) and the Neuropathy Disability Score (Weintrob et
al., 2007).
The aim of this study was to determine the prevalence of
peripheral neuropathy among individuals with type 2
diabetes mellitus using the vibrometer, as well as to outline
its associated risk factors.
MATERIALS AND METHODS
This study involved one hundred (100) adults diagnosed
with type 2 diabetes mellitus. They were all members of the

Diabetes Association of Nigeria (DAN), Plateau state
chapter, who were invited to take part in this research as
part of events marking the World Diabetes Day celebration
for the year 2016. All study participants assembled on the
day of the research at the premises of the State Specialist
hospital after observing an overnight fast (to enable the
research team perform assays for serum lipids). Details of
the research procedure was explained to every participant
and informed consent obtained.
Socio-demographic data (age, gender, occupation, highest
level of educational, residence) were obtained from each
participant, as well as duration of diagnosis of diabetes
mellitus (in years). Anthropometric indices (weight, height,
waist circumference) were measured for each participant.
A vibrometer Figure 1 (manufactured by Diabetik Foot
Care Pvt Limited, India) was used to determine the
Vibration Perception Threshold (VPT) in both feet for each
study participant. The study participant was required to lie
on a couch and remove all foot wear. The vibrating tip of
the vibrometer probe was then placed on five designated
points (one at a time) on the sole of the foot. For each point,
the frequency of vibration was steadily increased and the
participant asked to indicate at what point he/she
perceived the vibration. This was taken as the VPT reading
for that point. The average VPT for those five points was
then calculated separately for the left and right foot.
Average VPT readings greater than 15 Volts indicated the
presence of peripheral neuropathy in the affected foot.
Blood samples were also taken to assay for serum
triglyceride and cholesterol levels.
Statistical analysis
Data was entered into Microsoft Excel sheet and analyzed
using the EPI INFO statistical software (version 7.0).
Quantitative variables were expressed as mean± standard
deviation. Logistic regression analysis was used to
determine the independent predictors of peripheral
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Table 1. characteristics of study population
Categorical variable
Age ≥ 50 years
Duration of diagnosis of diabetes ≥ 10 years
Central obesity
Dyslipidaemia

Prevalence
79%
38%
73%
49%

Table 2. Predictors of peripheral neuropathy in study population
Predictor
Age ≥ 50 years
Duration of DM ≥10 years
Central obesity
Dyslipidaemia
Height ≥ 1.6m

Odds Ratio
4.00
3.37
0.42
0.89
2.35

95% confidence Interval
1.46 – 10.77
1.23 – 9.25
0.15 – 1.17
0.34 – 2.10
0.98 – 5.63

P value
0.004*
0.015*
0.090
0.792
0.051

*statistically significant; DM = Diabetes Mellitus

Table 3. correlates of left foot and right foot VPT readings
Variables
Age vs VPT (left foot)
Age vs VPT (right foot)
DDM vs VPT (left foot)
DDM vs VPT (right foot)
WC vs VPT ( left foot)
WC vs VPT (right foot)
TG vs VPT (left foot)
TG vs VPT (right foot)

Correlation Coefficient ( r )
0.40
0.39
0.41
0.40
0.03
-0.11
0.07
0.04

P value
0.0003
0.0001
0.0003
0.0002
0.0250
0.0330
0.0190
0.0610

DDM = Duration of diagnosis of diabetes; VPT = Vibration Perception Threshold; WC = Waist
Circumference; TG = Triglycerides

neuropathy while Pearson’s correlation was used to
determine the relationship between the various
quantitative variables and VPT readings. In all cases, p
value less than 0.05 was considered statistically significant.
Definition of terms
Dyslipidaemia: serum triglyceride > 1.7mmol/L or HDLCholesterol < 1.03mmol/L (male), <1.29mmol/L (female)
(Parikh and Mohan, 2012).
Central obesity: waist circumference > 94cm (male),
>80cm (female) (Parikh and Mohan, 2012).

Peripheral neuropathy was present in 70% of the study
population. Males had a higher prevalence of the condition
than females ( 81.3% and 64.7% respectively).
Other characteristics of the study population are
described in Table 1
The results of logistic regression analysis revealed that
age ≥ 50 years and duration of diagnosis of diabetes ≥ 10
years were independent predictors of peripheral
neuropathy in the study population. This is depicted in
Table 2.
These two variables – age and duration of diagnosis of
diabetes – correlated positively with both the left foot and
right foot VPT values of the study participants. This is
summarized in Table 3 above.

RESULTS

DISCUSSION

The study population comprised 32% males and 68%
females. The mean age of study participants was 57.8±11.6
years. 30% of participants had tertiary education as their
highest level of education, while 86% of them resided in
urban settlements. The mean duration of diagnosis of
diabetes mellitus was 10.1±6.6 years.

The moment prevalence of peripheral neuropathy among
the participants in this study was 75%. This figure is close
to what was obtained by (Ugoya et al., 2006) who studied
one hundred and twenty diabetics at the Jos University
Teaching Hospital, Plateau State, Nigeria. They found a
prevalence of 75%. In that study, peripheral neuropathy
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was detected using the Michigan Neuropathy Screening
Instrument which involved the use of tuning fork, Semmes
Weinstein monofilament as well as the Achilles tendon
reflex. (Uloko et al., 2012) obtained a lower figure of 59.2%
in a multicentre study involving seven Nigerian tertiary
health institutions. However, in that research, the study
population encompassed participants with both type1 and
type 2 diabetes mellitus.
Research from different parts of the world have revealed
much lower prevalence for peripheral neuropathy among
persons with diabetes mellitus. In a study in the United
Kingdom, the vibrometer was used to diagnose peripheral
sensory neuropathy among diabetic study participants, and
28.5% of them had peripheral neuropathy (Young et al.,
1993). The study population in that research was much
larger than in this study (6487 participants), and included
both type 1 and type 2 diabetics (the participants in this
study were strictly persons with type 2 diabetes). (Morkrid
et al., 2010) conducted a screening exercise among
individuals with strictly type 2 diabetes in Bangladesh
using the Neuropathy Disability Score ( which combines the
use of the tuning fork, Achilles tendon reflex assessment,
sensation to pin prick and temperature ). They found out
that 19.7% of them had peripheral neuropathy. The mean
age of study participants in that research (50.8±10.6 years)
showed that they were relatively younger than those in this
study, and so probably less likely to have developed
peripheral neuropathy. A large study in India involving
1044 participants with diabetes mellitus revealed that
34.9% of the population had peripheral neuropathy
(Jayaprakash et al., 2011). In that study, the vibrometer was
used to detect the presence of peripheral neuropathy.
However, a vibration perception threshold of greater than
25 volts was used as definition for peripheral neuropathy.
This probably explains why the prevalence in that research
was much lower than what was obtained in this study
(here, the cut-off for diagnosis of peripheral neuropathy
was set at a much lower value of 15 volts). In the study
among type 2 diabetic participants by (Davies et al., 2006)
the prevalence for peripheral neuropathy was 26.4%. The
research team in that work defined peripheral neuropathy
as the presence of pain in the extremities, and not the
absence or reduction of sensation on physical examination.
The results of this study showed that the development of
peripheral neuropathy had a significant association with
age and duration of diabetes mellitus. Peripheral
neuropathy is a chronic complication of diabetes, and takes
time to develop. And so it is expected that the older a
person with diabetes becomes, and the longer the period
during which he has had the condition, the more likely the
possibility of developing peripheral neuropathy. The
results of research from other parts of the world supports
this association between age, duration of diabetes, and
peripheral neuropathy (Adler et al., 1997; Tefsaye et al.,
2005).
This study did not find any association between central
obesity, dyslipidaemia, tall stature and peripheral
neuropathy. This is at variance with the findings of other

studies on the subject matter. Straub et al. (1994) found a
significantly higher prevalence of peripheral neuropathy
among type 2 diabetics who were obese than among
normal weight subjects with type 2 diabetes. However, the
participants in that study were relatively older (60.4±1.0
years) and had been diagnosed with diabetes for longer
(mean duration = 13.6±1.0 years) than the participants in
this study. Also, obesity was defined using body mass index,
and not waist circumference, as was used in this study.
Isomaa et al. (2001) demonstrated an association between
central obesity, dyslipidaemia and the risk of developing
peripheral neuropathy in a study among persons with type
2 diabetes. Vibrometry was not used in the definition of
peripheral neuropathy in that work. Other researchers have
demonstrated an association between increasing height
and the risk of developing peripheral neuropathy (Gadia et
al., 1987; Cheng et al., 2006) Such an association was not
observed in this study.
ACKNOWLEDGEMENT
Our sincere appreciation goes to Biophem pharmaceuticals
for providing the vibrometer used in this study. We also
extend our gratitude to the management of Philips
pharmaceuticals who provided the assay kits for the lipid
profile assays.
Conflict of interest
None to declare
REFEFRENCES
Adler AI, Boyko EJ, Ahroni JH, Stensel V, Forsberg RC, Smith
DG(1997). Risk factors for diabetic peripheral sensory
neuropathy: Results of the Seattle Prevalence Diabetic
Foot Study. Diabetes Care. 20:1162-1167.
American Diabetes Association (2006): Diagnosis and
classification of Diabetes Mellitus, Diabetes Care 1:43-48.
Armstrong DG, Lavery LA, Vela SA, Quebedeaux TL, Fleischli
JG(1998). Choosing a practical screening instrument to
identify patients at risk for diabetic foot ulceration. Arch
Intern Med. 158:289-292
Bailes BK (2002). Diabetes mellitus and its chronic
complications, AORN J. 76:266-276
Cheng YJ, Gregg EW, Kahn HS, Williams DE, De Rekeniere N,
Narayan KM(2006). Peripheral insensate neuropathy—a
tall problem for U.S. adults? Am J Epidemol. 164:873-880
Dagogo-Jack S (2002). Preventing diabetes-related
morbidity and mortality in the primary care setting, J Natl
Med Assoc. 94(7):549-560.
Davies M, Brophy S, Williams R, Taylor A(2006). The
Prevalence, Severity and Impact of painful Diabetic
Peripheral Neuropathy in Type 2 Diabetes, Diabetes Care.
29:1518-1522.
Fasanmade OA, Dagogo-Jack S(2015). Diabetes Care in
Nigeria Annals of Global Health. 81:821-829.
Gadia MT, Natori N, Ramos LB, Ayyar R, Skyler JS, Sosenko

Uwakwe et al.

JM(1987). Influence of height on quantitative sensory
nerve conduction and clinical indices of diabetic
peripheral neuropathy. Diabetes Care. 10(5):613-616.
Isomaa B, Henricsson M, Almgren P, Tuomi T, Taskinen MR,
Groop L(2001). The metabolic syndrome influences the
risk of chronic complications in patients with type 2
diabetes. Diabetologia. 44(9):48-54.
Jayaprakash P, Bhansali A, Bhansali S, Dutta P,
Anantharaman R, Shanmugasundar G(2011). Validation
of bedside methods in evaluation of diabetic peripheral
neuropathy. Indian J Med Res. 133(6):645-649.
Morkrid K, Ali L, Hussain A(2010). Risk factors and
prevalence of diabetic peripheral neuropathy: A study of
type 2 diabetic outpatients in Bangladesh. Dev Ctries.
30:11-17.
Ogbera AO, Ekpebegh C(2014). Diabetes mellitus in Nigeria
– the past, present and future, World J Diabetes. 5(6):905911.
Parikh RM, Mohan V(2012). Changing definitions of
metabolic syndrome. Indian J Endocrinol Metab. 16:7-12
Poncelet AN (2003). Diabetic Polyneuropathy: risk factors,
patterns of presentation, diagnosis and treatment.
Geriatrics. 58:16-18.
Straub RH, Thum M, Hollerbach C, Palitzch K, Scolmerich
J(1994). Impact of Obesity on Neuropathic Late
Complications in NIDDM. Diabetes Care. 17(11):12901294.
Tesfaye S, Chaturvedi N, Eaton SE, Ward JD, Manes C,
Ionescu-Tirgoviste C, Witte DR, Fuller JH (2005).
Vascular risk factors and diabetic neuropathy. N Eng J
Med. 352(4):341-350
Ugoya SO, Echejoh GO, Ugoya TA, Agaba EI, Puepet FH,
Ogunniyi A(2006). Clinically diagnosed diabetic
neuropathy: frequency, types and severity. J Natl Med
Assoc. 98(11):1763-1766.
Uloko AE, Ofoegbu EN, Chinenye S, Fasanmade OA,
Fasanmade AA, Ogbera AO, Ogbu OO, Oli JM, Girei BA,
Adamu A (2012). Profile of Nigerians with Diabetes
Mellitus—Diabcare Nigeria Study Group (2008): Results
of a multicentre study. Indian J Endocrinol Metab.
16(6):981-982.
Weintrob N, Amitay I, Lilos P, Shalitin S, Lazar L, Josefsberg
Z(2007). Bedside Neuropathy Disability Score compared
to quantitative sensory testing for the measurement of
diabetic neuropathy in children, adolescents and young. J
Diabetes Complications. 21:13-19.
Young MJ, Boulton AJ, MacLeod AF, Williams DR, Sonksen
PH (1993). A Multicentre Study of the prevalence of
diabetic peripheral neuropathy in the United Kingdom
hospital clinic population. Diabetalogia. 36:150-154.

13

