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ABSTRACT 
Background: Diabetic Peripheral Neuropathy (DPN) is one of the microvascular complications of 
diabetes, and is responsible for most of the amputations in diabetes. Measurement of Vibration 
Perception Threshold (VPT) is useful in assessment of peripheral neuropathy. The aim of the study is 
to study the role and correlation of age, duration of diabetes, fasting plasma glucose, HbA1C, and 
microalbumin: creatinine ratio with diabetic peripheral neuropathy in known cases of type 2 diabetes 
mellitus in urban and rural population of Rajahmundry, Andhra Pradesh, India. 
Methods: Study was done on two groups comprising of 30 cases with normal VPT and 30 cases with 
abnormal VPT in type 2 diabetes. Age, duration of diabetes, body mass index, fasting plasma glucose, 
HbA1C, and microalbumin: creatinine ratio were recorded and analyzed. 
Results: Significant difference in age, duration of diabetes, fasting plasma glucose, HbA1C, and 
microalbumin: creatinine ratio is observed between groups (P < 0.05). There is significant correlation 
of age, duration of diabetes, fasting plasma glucose, HbA1C, and microalbumin: creatinine ratio with 
VPT (P < 0.05) in all cases. Among the correlating parameters multiple regression analysis revealed 
that age and HbA1C are good predictors of VPT (P < 0.05). 
Conclusion: Age, duration of diabetes, fasting plasma glucose, HbA1C, and microalbuminuria were 
associated with DPN in urban and rural population. However age and HbA1C are strong predictors of 
changes in VPT. There is need to study the prevalence of and other risk factors associated with DPN 
with a larger sample size in this area. 
Keywords: Diabetes, Peripheral neuropathy, Vibration perception threshold, Risk factors. 

 
INTRODUCTION 
Type 2 Diabetes mellitus is one of the most 
common forms of chronic disease.1 With the 
change in life style and urbanization, the number 
of individuals with diabetes are increasing and 
the age of diagnosis is decreasing.1 Longer 
periods of exposure to hyperglycaemia have 
increased the risk of developing complications 
related to diabetes.1 The real burden of diabetes is 
due to its micro and macro vascular 
complications which may present even at the time 
of diagnosis.2 Diabetic Peripheral Neuropathy 

(DPN) is one of the microvascular complication 
of diabetes, and affects approximately 30% of 
people with diabetes.3 More than 80% of 
amputations occur after ulceration or injury, 
which can result from diabetic neuropathy.4 
Diabetic patients are 15 times more likely to have 
an amputation than non diabetic patients.5 Early 
identification of DPN prevents the morbidity and 
mortality due to diabetic neuropathy. 5 
Assessment of Vibration Perception Threshold 
(VPT) is one of the recommended standardised 
quantitative sensory testing methods employed in 
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the diagnosis of DPN.6 Elevated VPT is an 
effective predictor of neuropathic foot ulceration, 
one of the most common causes for hospital 
admission and lower limb amputations among 
patients with diabetes.7 Along with markers of 
microangiopathy such as microalbuminuria, VPT 
may also predict mortality in people with 
diabetes.8 
Most of the available studies in India on DPN 
were either hospital based or done in metro 
populations.9,10 There are geographical variations 
of prevalence and risk factors associated with 
DPN.10,11,12 Further research is  required in small 
urban and rural population of India to study DPN. 
The present work was taken up to evaluate the 
association of age, duration of diabetes, body 
mass index (BMI), fasting plasma glucose (FPG), 
glycated haemoglobin (HbA1C), and 
microalbuminuria in known cases of type 2 
diabetes mellitus in urban & rural population of 
Rajahmundry, Andhra Pradesh, India. 
 
METHODS 
This cross-sectional observation study was 
carried out in Rajahmundry urban and rural 
population in the month of April 2013. 
Rajahmundry is a coastal town with a population 
of 3,43,903 which was divided into 50 municipal 
wards. The surrounding rural population of five 
villages (Bommuru, Dowleswaram, Hukumpet, 
Katheru and Morampudi) under Rajahmundry 
metro area is 1,34,296.  The study group is 
comprised of 300 known cases of Type-2 
Diabetes mellitus. 200 cases were recruited from 
five wards of Rajahmundry city and 100 cases 
were recruited from surrounding five villages by 
systematic random sampling as a part of ongoing 
Rajahmundry Integrated Diabetes Evaluation and 
Research (RIDER) study. Study was approved by 
institutional Ethics committee. Written and 
informed consent was obtained from all the 
participants. 
Known cases of neuropathy due to other causes 
like chronic inflammatory polyneuropathy, 

hypothyroidism, B6, B12 deficiency and uraemia 
were excluded from the present study. Study 
population was screened using VPT assessment 
by biothesiometer. VPT below 10 volts was 
considered as normal and above 10 volts was 
considered as abnormal with loss of vibratory 
perception. 30 cases with normal VPT and 30 
cases with abnormal VPT (Twenty cases from 
urban population as four from each ward and ten 
cases from rural population as two from each 
village) were selected by systematic random 
sampling and were recruited for the present study 
for further anthropometric and biochemical 
evaluation.  
VPT was measured using digital biothesiometer 
(Diabetik foot care India) at six different places 
(First toe, 1st, 3rd, 5th metatarsal head, instep and 
heal) on both feet. Average of the twelve readings 
was taken as final value. Fasting whole blood 
sample was collected. First morning midstream 
urine was collected in a sterile urine container. 
Age, Height and weight were recorded. BMI was 
calculated from height and weight by the formula 
Wt. in Kg/Ht. in m2. HbA1C was measured with 
whole blood using NGSP (National 
Glycohemoglobin Standardisation Programme) 
certified Biorad in2it analyser. Plasma glucose 
was measured by glucose oxidase and peroxidase 
method. Microalbumin was measured by immuno 
turbidimetry and urinary creatinine by Jaffe’s 
method. Microalbumin: creatinine ratio was 
calculated. 
Statistical Analysis  
Data was analyzed using Microsoft excel 2007 
and SPSS trial version 16.0. Continuous variables 
were expressed as mean ± standard deviation. 
Student ' t ' test was used to compare means of 
the two groups.  Karl Pearson method was used 
to observe the correlation of variables. Multiple 
regression analysis was used to study the 
prediction of dependant variable by correlating 
variables. Probability (P) value less than 0.05 was 
regarded as statistically significant. 
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RESULTS 
There is significant difference of mean of all 
variables except BMI between cases with normal 
VPT and abnormal VPT (Table -1, 2). 
Correlation analysis was done in all cases. Age, 
duration of diabetes, FPG, HbA1C, and 
microalbumin:creatinine correlates significantly 
with VPT in type 2 diabetes (Table -3). 
Microalbuminuria is present in all cases with 
abnormal VPT. Multiple regression analysis was 
done to assess the predictability of VPT by 
correlating variables. Age and HbA1C are good 
predictors of changes in VPT (Table -4). 
Discussion 
In the present study, there is significant 
difference in age and duration of diabetes 
between groups, and correlation of age and 
duration of diabetes with VPT. DPN increases 
with both age and duration of diabetes, and 50% 
cases of type 2 diabetes cases aged over 60 years 
have DPN.13 There is progression of 
polyneuropathy with advancing age with a 
decline in sensory and motor action potentials.14 
Significant difference in FPG and HbA1C 
between groups, and correlation of FPG and 
HbA1C with VPT suggests that impaired 
glycaemic control plays definite role in 
development of DPN. Micro vascular 
complications are caused by prolonged exposure 
to hyperglycaemia, which damages tissues by 
polyol pathway, increased advanced glycation 
end products (AGE), and induction of super 
oxide production in mitochondria.15 Significant 
difference in microalbumin;creatinine ratio 
between groups and correlation of 
microalbumin:creatinine with VPT supports the 
concept of coexistence of other microvascular 
complications like nephropathy and retinopathy 
in cases of neuropathy.9 All the cases with 
abnormal VPT have microalbumnuria in the 
present study.  This may be due to the higher 
prevalence of microalbuminuria in this 
geographical area.16 The degree of coexistence 
and prevalence of microvascular complications 

are associated with differences in individual 
susceptibility, which is linked with 
polymorphism of genes like super oxide 
dismutase (SOD).17 Though some studies have 
reported negative correlation of BMI with 
neuropathy, there is no statistically significant 
difference and correlation of BMI with VPT in 
the present study. 9 
The limitation of the present study is that age 
wise, gender wise, within the group analysis was 
not donebecause of small sample size. Evaluation 
of other parameters like lipid profile, blood 
pressure, ankle brachial index may help in more 
detailed evaluation. This study will serve as pilot 
study for further research in this area. 
Conclusion 
This study in urban an rural population shows 
that age, duration of diabetes, fasting plasma 
glucose, glycated haemoglobin (HbA1C), 
microalbumin:creatinine ratio were high in cases 
with abnormal vibration perception threshold, 
and correlate with vibration perception threshold 
in known cases of type2 diabetes mellitus. Body 
mass index has no association with vibration 
perception threshold. Age and HbA1C are good 
predictors of vibration perception threshold in 
type 2 diabetes. Detailed evaluation with a larger 
sample size is required to assess the prevalence of 
and risk factors of diabetic peripheral neuropathy 
in urban and rural population. 
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Table -1: Mean and S.D. of variables in two different groups 

 Normal VPT (N=30) 
Mean ± S.D. 

Abnormal VPT (N=30) 
Mean ± S.D. 

VPT volts 4.0 ± 2.0 18.6 ± 8.3 
Age (years) 47.8 ± 7.1 55.4 ± 10.5 
Duration of diabetes (years) 6.6 ± 3.7 12.9 ± 7.0 
BMI (Kg/m2) 27.0 ± 3.1 26.6 ± 4.2 
FPG (mg/dL) 131 ± 31 182 ± 60 
HbA1C (%) 6.9 ± 0.8 9.2 ± 1.7 
Microalbumin (µg/mg creatinine) 22.5 ± 13.0 74.6 ± 65.3 

 
Table –2: Comparison of means of groups by student ' t ' test 

 Levene's Test for Equality 
of Variances 

t-test for Equality of Means 

F Sig. t df 
Sig. (P) 

(2-tailed) 
Age (years) 6.012 .017 3.288 58 .002* 
Duration of diabetes 
(years) 12.868 .001 4.355 58 .000* 

BMI (Kg/m2) .747 .391 -.472 58 .639 
FPG (mg/dL) 9.434 .003 3.972 58 .000* 
HbA1C (%) 8.009 .006 6.927 58 .000* 
Microalbumin (µg/mg 
creatinine) 14.799 .000 4.287 58 .000* 

* P < 0.05. 
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Table -3: Correlation of variables with VPT 
 Pearson correlation Sig. (P) 

(2-tailed 
Age (years) 0.405 0.001* 
Duration of diabetes (years) 0.431 0.001* 
BMI (Kg/m2) 0.130 0.321 
FPG (mg/dL) 0.389 0.002* 
HbA1C (%) 0.522 < 0.001* 
Microalbumin (µg/mg creatinine) 0.308 0.017* 

* P < 0.05. 
 
Table -4: Multiple regression analysis for prediction of dependent variable VPT by independent 
variables 

 Un standardized 
Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
(Constant) -31.032 8.080  -3.841 .000 
Age (years) .360 .126 .366 2.855 .006* 
Duration of diabetes (years) .080 .211 .053 .376 .708 
FPG (mg/dL) .038 .022 .224 1.713 .093 
HbA1C (%) 2.261 .788 .420 2.871 .006* 
Microalbumin (µg/mg 
creatinine) -.024 .025 -.137 -.987 .328 

R square = 0.435 
* P < 0.05. 


