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Abstract- Background: Diabetes is a metabolic condition with 
inappropriate hyperglycemia either due to deficiency of insulin 
secretion or resistance to insulin or both. It is also associated with 
disturbances concerned with protein, carbohydrate, and lipid 
metabolism. Thus we had estimated the Level of serum Uric 
Acid and it’s association with neuropathy in pre-diabetics and 
diabetics from northern India. 
        Method: This is an observational study and total 79 
subjects were enrolled as per American Diabetic Association 
(ADA) Guidelines 2010. Out of 79 subjects, 16 subjects were 
Pre-Diabetic and 63 subjects were Diabetic. Serum uric acid was 
estimated by using MERK Kit with the help of semi-automated 
analyzer. Estimation of Neuropathy was done by Nerve 
Conduction Studies. 
 
Result:  

• The Serum uric acid level of Diabetic group was lower 
as compared to Pre diabetic group. (p<0.001) 

• In diabetics upper extremity sensory nerve conduction 
velocity were significantly lowered as compared to 
prediabetic, while in lower extremity the difference was 
statistically not significant.  

• In lower extremity motor nerve conduction velocity was 
significantly lower in diabetics than prediabetics. We 
concluded that motor abnormalities more in diabetics as 
compared to prediabetics. 

• Serum uric acid of Pre diabetics negatively (inverse) 
and significantly correlated with neuropathy in left 
Sural nerve (Velocity) (r=-0.60, p<0.05). In prediabetic 
subjects serum uric acid level was higher and 
neuropathy was not observed. 

 
        Conclusion: In prediabetics serum uric acid level might be 
useful for prediction of diabetes. Though the neuropathy was 
more common in diabetics but it also affect the prediabetics. 
 
Index Terms- Diabetes, Prediabetes, Serum Uric Acid, Nerve 
conduction velocity, Neuropathy 
 

I. INTRODUCTION 
iabetes is a metabolic disorder with inappropriate 
hyperglycemia either due to deficiency of insulin secretion 

or reduction in the biologic effectiveness of insulin or both.  

         International Diabetic Federation data shows that world 
Diabetes & Pre-diabetes prevalence in 2007 is 5.7% and 7.5% 
respectively. In India Diabetes Mellitus prevalence ranges from 
0.4 to 3.9% in rural areas and from 9.3 to 16.6% in urban areas3. 
Uric acid is formed by the breakdown of purins and by direct 
synthesis from 5-phosphoribosyl pyrophosphate and glutamine. 
An elevated level of uric acid was found in pre-diabetic 
individuals, and in offspring of conjugal diabetic parents. 
However, conflicting results on uric acid concentrations have 
been reported in diabetic patients.7-9 Although some studies have 
demonstrated the role of Uric Acid in the progression of pre-
diabetes to diabetes. Still, the role of Uric Acid in the 
pathogenesis and the development of the diabetic complications 
are controversial.10,11  
         Neuropathy is common complication of diabetes mellitus 
leading to great morbidity.15 It is well known that neuropathy has 
a metabolic component in its pathophysiology17,18 Hence early 
metabolic aberrations as seen in Pre-Diabetics(IGT) may also 
lead to changes in the nerve conduction. Studies in the Caucasian 
population have shown that IGT is associated with dysfunction in 
peripheral nerves.19,20  
         Present study was first time designed to look for the 
presence of neuropathy and it’s association with serum uric acid 
in pre-diabetic and diabetic patients, in North Indian population. 
Emphasis was given on Pre-diabetics so that complications can 
be identified and managed in early stage.    
 

II. MATERIAL AND METHOD 
         This is an observational study conducted in the department 
of physiology in collaboration with department of pathology at 
King George’s Medical University, Lucknow. Total 79 subjects 
were enrolled in study based on well defined inclusion and 
exclusion criteria. Out of 79 subjects, 16 subjects were Pre-
Diabetic and 63 subjects were Diabetic. Subjects with conditions, 
which may affect metabolic parameters (such as polycystic ovary 
syndrome or thyroid dysfunctions in history or present), 
pregnancy, chronic diseases, infection, and coronary artery 
disease, were excluded from study. 
 
Definition 
         Pre-diabetic and diabetic patients were defined as per the 
American Diabetic Association (ADA) Guidelines 2010. D 
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         The subjects having impaired fasting blood glucose level 
100-125mg/dl or 2 hours oral glucose tolerance test with 75 gm 
of glucose, 140-199 mg/dl were defined as Pre-diabetic patients.  
         Diabetic patients were defined as those having fasting 
blood glucose ≥126 mg/dl or 2 hours oral glucose tolerance test 
with 75 gm of glucose, ≥ 200 mg/dl. 
 
Biochemical analysis 
         After ethical approval from institutional ethical committee 
of King George’s Medical University, Lucknow and obtaining 
informed consent total 5 ml. venues blood sample was drawn 
from each participant. 2 ml. blood was collected in fluoride vial 
and 3 ml. blood was taken in plain vial. Serum and plasma was 
separated, aliquoted and stored at -80 C. Fasting blood sugar 
(FBS) and postprandial blood sugar (PPBS) estimation was done 
by glucose oxidaseperoxidase method (Merck Kit). Serum uric 
acid was estimated by using MERK Kit with the help of semi 
automated analyzer (Microlab 300, Merck) on the same day of 
sample collection.  
 
Nerve Conduction Study  
         A detailed questionnaire was completed for each of the 79 
participating subjects. Information was obtained, including age, 
gender, smoking history, history of alcohol consumption, 
duration of DM, history of hypertension or cardiovascular 
diseases, and symptoms related to peripheral neuropathy. NCV 
examinations was performed according to the standard method.  
         Diabetic Peripheral Polyneuropathy will be defined as a 
positive NCV and a positive neurologic physical exam in patients 
with a clinical MNSI score ≥ 3 and who also had accompanying 
neurologic symptoms such as paraesthesia, numbness, pain, and 
tingling sensation and there will be no apparent etiology of 
peripheral polyneuropathy besides diabetes. 
         The presence of polyneuropathy was documented by 
evaluating the latencies, amplitudes, and conduction velocities 
for motor nerves in both median, and peroneal nerves and for 
sensory nerves in both median and sural nerve.  
         The motor or mixed nerve is stimulated at least at two 
points along its course and  Compound Muscle Action Potential 
(CMAP) is recorded. The surface recording electrodes are placed 
in belly tendon montage; keeping the active electrode close to the 
motor point and reference to the tendon. Ground electrode is 
placed between stimulating and recording electrodes. A biphasic 
action potential with initial negativity is thus recorded.  
         The measurements for motor nerve conduction study 
include the onset latency, duration, and amplitude of CMAP and 
nerve conduction velocity. Onset Latency: Time from the 
stimulus artifact to the first negative deflection of CMAP. 
Measure of conduction in the fastest conducting motor fibers.  It 
also includes neuromuscular transmission time and the 
propagation time along the muscle membrane which constitute 
the residual latency. Amplitude: Measured from base line to the 
negative peak (base-to-peak) or between negative and positive 
peaks (peak-to peak). The amplitude correlates with the number 
of nerve fibers. Duration of CMAP: Measured from the onset to 
the negative or positive peak or the final return of waveform to 
the base line. Duration correlates with the density of small fibers. 
Motor nerve conduction velocity is calculated by measuring the 

distance in millimeter between two points of stimulation, which 
is divided by the latency difference in millisecond.  
 
Principles of sensory nerve conduction: 
         The sensory conduction can be measured antidromically, In 
which nerve is stimulated at a proximal point and nerve action 
potential is recorded distally. The recommended filter setting for 
sensory conduction is 10 Hz to 2kHz, sweep speed 1-2 
milisecond/division and gain 1-5µV/division.  
 

III.  STATISTICAL ANALYSIS  
         Continuous data were summarized as Mean ± SD (standard 
deviation). Groups were compared by independent Student’s t 
test and the results were also validated with non parametric 
Mann-Whitney U test. Discrete (categorical) observations were 
summarized in % and compared by chi-square (χ2) test. Pearson 
correlation analysis was used to assess association between the 
variables. Diagnostic evaluation of S. uric acid was done by ROC 
(receiver operating characteristic) curve analysis. A two-sided 
(α=2) p<0.05 was considered statistically significant. SPSS 
(version 18.0) and STATISTICA (version 6.0) software were 
used for the analyses. 
 

IV. RESULT 
         The age of Pre-diabetic and diabetic groups were ranged 
from 28-66 yrs and 32-77 yrs respectively with Mean ± SD 49.50 
± 11.57 yrs and 55.14 ± 10.79 yrs, respectively. The mean age of 
Diabetic group was comparatively higher than Pre diabetic 
group. Further, in both the groups, the age (%) of males was 
higher than females. The mean level of both FBS and PPBS were 
comparatively higher in Diabetic group than Pre diabetic group. 
On comparing, the difference in mean age and % age of males 
and females were statistically not significant between the two 
groups. The mean Serum uric acid level of Diabetic group was 
significantly (p<0.001) lower as compared to Pre diabetic group 
(Table 1) The diagnostic accuracy (cut off value) of S. uric acid 
levels for pre diabetics and diabetics were evaluated via ROC 
curve analysis.Table 2 and figure 1. The cut off value (criterion) 
of S. uric acid was ≤7 mg/dl and at this value it is discriminating 
diabetics with 77.78% sensitivity (95% CI=65.5-87.3) and 
100.00% specificity (95% CI=79.2-100.0). 
 
 Nerve conduction velocity 
         It was observed that in 31(50%) diabetic patients sensory 
nerve conduction studies were non recordable. 50% diabetic 
patients showed sensory neuropathy While it was observed only 
in 12% prediabetics. 
         The mean level of Sensory-Left Median Latency was 
significantly (p<0.01) higher in Diabetic group while Amplitude 
and Velocity lowered significantly (p<0.01) as compared to Pre 
diabetic group. 
         Similarly, the mean level of Sensory-Right Median Latency 
was also significantly (p<0.01) higher in Diabetic group while 
had significantly (p<0.01) lower Velocity as compared to Pre 
diabetic group. However, Sensory-Right Median Amplitude did 
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not differed significantly (p>0.05) between the two groups i.e. 
found to be statistically the same. 
         In contrast, Left-Sural Latency, Amplitude and Velocity 
were almost similar (p>0.05) between the two groups. 
         Similarly, Right-Sural Latency, Amplitude and Velocity 
were also statistically not different between the two groups 
(p>0.05). 
         However, Motor-Right Median (wrist) Latency was 
significantly (p<0.01) higher in Diabetic group than Pre diabetic 
group while Amplitude and Velocity were similar (p>0.05). 
         The Motor-Left Median (wrist) Latency was also 
significantly (p<0.01) higher in Diabetic group than Pre diabetic 
group while Amplitude and Velocity not differed significantly 
(p>0.05) between the two groups. 
         The L-Common peroneal (ankle) Amplitude was 
significantly (p<0.001) lower in Diabetic group as compared to 
Pre diabetic group while Latency and Velocity were almost 
similar (p>0.05) between the two groups. 

         The R-Common peroneal (ankle) Amplitude and Velocity 
lowered significantly (p<0.01) in Diabetic group as compared to 
Pre diabetic group while latency was similar (p>0.05) between 
the two groups. (Table-3) 
 
Correlation: 
         Table 4 showed that the S. uric acid of Pre diabetics 
negatively (inverse) and significantly correlated with neuropathy 
L-Sural Velocity (r=-0.60, p<0.05).  However, other neuropathy 
parameters/variables did not (p>0.05) shows any association with 
Serum uric acid.   
         In contrast, Serum uric acid of Diabetics did not (p>0.05) 
shows any association with any of the neuropathy 
parameters/variables. 
         However, the S. uric acid of all (Pre diabetics + Diabetics) 
showed significant inverse association with Left-Sural Velocity 
(r=-0.42, p>0.05) while significant and direct association with 
Left-Sural Latency (r=0.50, p<0.01).  
 

Table 1: Distribution of age, gender, FBS, PPBS and Serum Uric Acid inpre-diabetic and diabetic patients 
 

Characteristics 
Pre diabetic 
(n=16) 
 

Diabetic 
(n=63) 

p value 
 

Age (yrs) 49.50 ± 11.57 55.14 ± 10.79 0.069 

Gender: 
Male 
Female 
 

 
11 (68.8%) 
5 (31.3%) 
 

 
49 (77.8%) 
14 (22.2%) 
 
 

 
0.451 
 

FBS (mg/dl) 111.50 ± 10.56 
 142.66 ± 44.39 0.007* 

PPBS (mg/dl) 168.75 ± 17.34 216.04 ± 52.89 0.001* 

Serum uric acid (mg/dl) 10.84 ± 2.84 5.79 ± 1.87 p<0.001** 
 

 
*- p<0.01, values are in % (Categorical data) and mean±SD (Continuous data), 
FBS (Fasting Blood Sugar), PPBS (Postprandial Blood Sugar) 
 

Table 2: Diagnostic accuracy of S. uric acid level for diabetic from pre diabetic 
 

Variables Criterion 
(cut off value) 

Sensitivity 
(95% CI) 

Specificity 
(95% CI) AUC p 

value +LR -LR +PV -PV 

S. uric 
acid ≤ 7 mg/dl 77.78 

(65.5-87.) 
100.0 
(79.2-100.0) 0.947 p<0.001 - 0.22 100.0 53.3 

 
+LR: Positive likelihood ratio; -LR- Negative likelihood ratio;+PV: Positive predictive value; -PV: Negative predictive value 
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Fig. 1: Diagnostic accuracy of Serum uric acid for pre diabetics and diabetics 

 
Table 3: Nerve conduction velocity parameters summary (Mean ± SD) of two groups 

 

Parameters Variables N Pre diabetic N Diabetic t value p value 

S-L Median 
 
 

Latency (ms) 16 2.43 ± 0.28 32 2.77 ± 0.40 3.05 0.004 

Ampl (µv) 16 43.17 ± 13.76 32 30.73 ± 12.29 3.18 0.003 

Velocity (m/s) 16 51.14 ± 7.05 32 45.58 ± 6.38 2.75 0.009 

S-R Median 
 
 

Latency (ms) 16 2.36 ± 0.30 33 2.78 ± 0.43 3.46 0.001 

Ampl (µv) 16 38.28 ± 16.98 33 31.80 ± 12.96 1.48 0.146 

Velocity (m/s) 16 53.38 ± 7.20 33 45.96 ± 7.06 3.43 0.001 

Left -Sural 
 
 

Latency (ms) 14 1.99 ± 0.29 30 1.82 ± 0.28 1.83 0.074 

Ampl (µv) 14 19.56 ± 5.18 30 22.60 ± 8.31 1.25 0.218 

Velocity (m/s) 14 50.05 ± 4.97 30 50.72 ± 7.56 0.30 0.763 

Right-Sural 
 
 

Latency (ms) 14 1.91 ± 0.27 32 1.90 ± 0.23 0.12 0.906 

Ampl (µv) 14 19.49 ± 5.82 32 24.98 ± 11.12 1.74 0.089 

Velocity (m/s) 14 51.19 ± 6.73 32 49.33 ± 5.64 0.97 0.337 

M-R Median (wrist) 
 
 

Latency (ms) 16 3.09 ± 0.32 61 3.78 ± 0.74 3.60 0.001 

Ampl (mv) 16 8.99 ± 3.62 61 7.70 ± 3.21 1.39 0.168 

Velocity (m/s) 16 53.76 ± 5.13 61 50.58 ± 6.16 1.90 0.062 

M-L Median (wrist) 
 
 

Latency (ms) 16 3.11 ± 0.49 58 3.88 ± 1.10 2.73 0.008 

Ampl (mv) 16 8.65 ± 4.16 58 8.81 ± 8.41 0.08 0.940 

Velocity (m/s) 16 54.08 ± 5.64 58 51.32 ± 7.07 1.44 0.155 

Left-Common peroneal (ankle) 
 
 

Latency (ms) 15 3.88 ± 0.94 38 7.34 ± 15.65 0.85 0.399 

Ampl (mv) 15 4.53 ± 1.60 38 2.63 ± 1.70 3.72 0.001 

Velocity (m/s) 15 48.53 ± 5.65 38 44.73 ± 6.44 2.00 0.051 

Right-Common peroneal 
(ankle) 
 
 

Latency (ms) 15 3.79 ± 0.48 40 7.48 ± 15.33 0.93 0.359 

Ampl (mv) 15 4.45 ± 1.82 40 2.91 ± 1.75 2.87 0.006 

Velocity (m/s) 15 50.06 ± 8.56 40 43.48 ± 7.86 2.70 0.009 
*S-L Median-Sensory Left Median, S-R Median-Sensory Right Median, M-R Median- Motor Right Median, M-L- Median-Motor 
Left Median 
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Table 4 : Correlation of S. uric acid levels with neuropathy 
 

Neuropathy parameters Variables Pre diabetic (n=14) Diabetic (n=13) Total (n=27) 
S. uric acid    S. uric acid    S. uric acid    

S-L Median 
  
  

Latency   -0.25 0.29 -0.22 
Amplitude 0.04 -0.17 0.24 
Velocity   0.06 0.05 0.25 

S-R Median 
  
  

Latency   0.27 -0.21 -0.15 
Amplitude 0.14 -0.26 0.25 
Velocity   -0.21 0.35 0.26 

Left-Sural 
  
  

Latency   0.21 0.44 0.50** 
Amplitude 0.09 -0.09 0.00 
Velocity   -0.61* -0.32 -0.42* 

Right-Sural 
  
  

Latency   -0.21 0.22 0.06 
Amplitude 0.20 -0.17 -0.21 
Velocity   -0.33 0.15 0.07 

M-R Median (wrist) 
  
  

Latency   0.09 -0.05 0.01 
Amplitude -0.03 -0.06 -0.03 
Velocity   -0.48 0.13 0.07 

M-L Median (wrist) 
  
  

Latency   0.09 0.35 0.06 
Amplitude 0.13 -0.24 -0.04 
Velocity  -0.05 -0.23 -0.22 

Left-Common peroneal (ankle) 
  
  

Latency  0.07 0.46 0.03 
Amplitude 0.45 -0.36 0.32 
Velocity  0.29 -0.04 0.28 

Right-Common peroneal (ankle) 
  
  

Latency  -0.07 0.09 -0.05 
Amplitude 0.42 0.11 0.33 
Velocity  0.22 -0.01 0.33 

     
          *S-L Median-Sensory Left Median, S-R Median-Sensory Right Median, 
          M-R Median- Motor Right Median, M-L- Median-Motor Left Median 
 

V. DISCUSSION 
         In our study S. uric acid level of diabetic group was 
significantly lower than prediabetic (p<0.001).These findings 
were consistent with the previous study, demonstrated that 
diabetics have lower serum uric acid levels and that prediabetics 
have higher levels than non-diabetics.7,29-33The reduced urate 
level in severe hyperglycemia has been attributed to the 
uricosuric effect of glycosuria, which might be an explanation of 
the low uric acid concentration among overt diabetic patients.34 
Furthermore, uric acid concentration might be influenced by the 
changes in plasma glucose and insulin concentrations.35 Thus, 
uric acid fluctuations during prediabetes and diabetes have so far 
been regarded as a secondary metabolic phenomenon. In other 
previous study it was also reported that serum uric acid has been 
shown to be associated with oxidative stress and production of 
tumor necrosis α, both of which are related to development of 
diabetes.36 Elevated serum uric acid levels may reflect 
prediabetes status particularly at the renal level. Higher insulin 
level associated with prediabetes can reduce renal excretion of 
uric acid.37 Insulin can stimulate urate anion exchanger and it 
increases renal urate reabsorption38. The cut off value of Serum 
uric acid in our study was ≤7 mg/dl and at this value it is 
discriminating diabetics with77.78% sensitivity and 100.00% 
specificity. Result of the study supports the previous report based 

on 475 overweight or obese individual with impaired glucose 
tolerance, they found that having a serum uric acid level within 
the top tertile (≥6.4mg/dl) was associated with two-fold increase 
in the risk of type-2 diabetes compared with the lower tertile 
(<5.2mg/dl)39.  Although it was multifactorial cause but as per 
our study findings, it may be concluded that high Serum uric acid 
in prediabetics can be considerd as a predictor of diabetes . 
         Neuropathy is most common complication of diabetes 
mellitus13. As Pre-Diabetes (IGT) is a forerunner of diabetes and 
prevalence of nerve conduction abnormalities in the IGT stage 
calls for early screening of these subjects for complications. 
Nerve conduction studies (NCS) are gold standard and the most 
consistent indicator of nerve damage even in subclinical (largely 
asymptomatic) neuropathy.  
         The early detection of abnormal glucose metabolism is 
particularly important, as treatments will probably be most 
effective if administered early in the course of neuropathy, when 
abnormalities of peripheral nerves are more likely to be 
reversible.  
         In our study mean level of Sensory Right and Left Median 
Latency were significantly (p<0.01) higher in Diabetic group  as 
compared to Pre diabetic group, but velocity of the same nerves 
were significantly (p<0.01) lower in Diabetic group  as compared 
to Pre diabetic group. 
         Motor Right and Left Median nerve latency were 
significantly (p<0.01) higher in Diabetic group as compared  to 
Pre diabetic group but velocity decreases in Diabetic group  as 
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compared to Pre diabetic group, but statistically not significant  
(p>0.05).  
          Right and Left Common peroneal Amplitude and velocity 
were significantly (p<0.001) lower in Diabetic group as 
compared to Pre diabetic group but latency increases in Diabetic 
group  as compared to Pre diabetic group, but not statistically 
significant  (p>0.05). No significant changes were observed in 
sural nerve on both side. 
          The major finding of the our study was that the prediabetic 
subjects exhibited minimal changes in nerve conduction 
abnormalities in comparision to diabetic subject. Result of our 
study shows decreased sensory conduction velocity in both 
median and right sural nerve. Motor conduction velocity in 
median and common peroneal ( both side ) were decreased in 
diabetic subject in comparision to prediabetic subjects.  
Thrainsdottir et al,40 had shown that increased basal membrane 
thickening was associated with sensory peripheral neuropathy in 
IGT and diabetic subjects. This may be one of the reasons for 
slower MCVs in the IGT subjects in this study. 
         In our study serum uric acid of Pre diabetics negatively 
(inverse) and significantly correlated with neuropathy L-Sural 
Velocity (r=-0.60, p<0.05). However, other neuropathy 
parameters/variables did not (p>0.05) shows any association with 
S. uric acid levels. S. uric acid of Diabetics did not (p>0.05) 
shows any association with any of the neuropathy 
parameters/variables. 
 

VI. CONCLUSION 
         It has been documented that neuropathy often is subclinical, 
therefore, if such a patient does not show signs of neuropathy on 
the clinical neurological assessment, referral for a nerve 
conduction studies may be ancillary tools to detect incipient 
neuropathy. As per our study findings in diabetics nerve 
conduction velocity was lowered as compared to prediabetics. 
Though the neuropathy was more common in diabetics but it also 
affect the prediabetics. It is important to evaluate the patients in 
prediabetic stage so that prevention and early intervention can be 
possible. This can be possible by evaluation of serum uric acid 
level in prediabetics. As per our study uric acid level might be 
useful for prediction of diabetes. 
 
Disclosure of Interest: None 
 

REFERENCES 
[1] Brownlee M, Cerami A. Biochemistry of the complications of diabetes 

mellitus. Annu rev. Biochem 1981; 50: 385-432. 
[2] Thomas F. Luscher, Mark A. Creager, Joshua A. Beckman and Francesco 

Cosentino. Diabetes and vascular disease: Pathophysiology , Clinical 
consequences and medical therapy: Part II . Circulation. 2003; 108 (13): 
1655-1661. 

[3] K Park et al. Diabetes mellitus. In. park`s text book of preventive and the 
social medicine, 20 ed. Jabalpur, M/s Banarasidas Bhanos publication, 
2009, p. 341-345. 

[4] Robert l. Wortmann et al. Disorders of purine and pyramidine metabolism. 
In. Harrison`s principle of internal medicine, 18th ed. Longo Dan L et 
al(eds). New York, Mc Graw Hill; 2012. p. 3181-3185. 

[5] Victor w Rodwell et al.Metabolism nucleotides. In. Harper`s illustrated 
biochemistry, 28th ed . Robert murray et al (eds.). New York, Mc Graw 
Hill, Lange publishers; 2009. p. 287-289. 

[6] Waring WS, Mcknight JA, Webb DJ, and Maxwell SR. Uric Acid Restores 
Endothelial Function in Patients with Type 1 Diabetes and Regular 
Smokers. Diabetes 2006; 55 (11): 3127–3132. 

[7] Herman JB, Goldbourt U. Uric acid and diabetes: observations in a 
population study. Lancet 1982; 320: 240-243. 

[8] Mohan V, Snehalatha C, Jayashree R, Ramachandran A, Viswanathan M, 
Kameswaran L, et. al. Serum uric acid concentrations in offspring of 
conjugal diabetic patients (parents). Metabolism: Clinical and Experimental 
1984; 33 (9): 869-871. 

[9] Yano K, Rhoads GG, Kagan A. Epidemiology of serum uric acid among 
8000 Japanese-American men in Hawaii. J Chron Dis 1977; 30:171-184. 

[10] Dehghan A, van Hoek M, Sijbrands EJ, Hofman A, Witteman JC. High 
levels of serum uric acid as a novel risk factor for type 2 diabetes mellitus. 
Diabetes Care 2008; 31 (2): 361–362. 

[11] Hayden MR, Tyagi SC. Uric acid: A new look at an old risk marker for 
cardiovascular disease, metabolic syndrome, and type 2 diabetes mellitus: 
The urate redox shuttle. Nutr and Metab (Lond).2004;1:10. 

[12] Modan M, Halkin H, Almog S, Lusky A, Eshkol A, Shefi M, et. al. 
Hyperinsulinemia. a link between hypertension, obesity and glucose 
intolerance. J Clin Invest 1985; 75 (3) : 809-817. 

[13] Ford ES: Body mass index, diabetes, and C-reactive protein among US 
adults. Diabetes Care 1999;22:1971-1977. 

[14] Temelkova-Kurktschiev T, Henkel E, Koehler C, Karrei K et al. Subclinical 
inflammation in newly detected type II diabetes and impaired glucose 
tolerance. Diabetologia 2002;45:151. 

[15] McCarty D, Zimmet P. Diabetes 1994 to 2010, Global Estimates and 
Projections. Melbourne: International Diabetes Institute; 1994. 

[16] Vinik AI, Mitchell BD, Leichter SB, Wagner AL, O’Brian JT, Georges LP. 
Epidemiology of the Complications of Diabetes. In: Leslie RDG, Robbins 
DC, editors. Diabetes: Clinical Science in Practice. Cambridge: Cambridge 
University Press; 1995. p. 221-87. 

[17] Sugimoto K, Nishizawa Y, Horiuchi S, Yagihashi S. Localization in human 
diabetic peripheral nerve of N-carboxymethyllysine-protein adducts, an 
advanced glycation end product. Diabetologia 1997;40:1380-7. 

[18] Veves A, Akbari CM, Primavera J, Donaghue VM, Zacharoulis D, Chrzan 
JS, et al. Endothelial dysfunction and the expression of endothelial nitric 
oxide synthetase in diabetic neuropathy, vascular disease, and foot 
ulceration. Diabetes. 1998;47:457-63. 

[19] Singleton JR, Smith AG, Bromberg MB. Painful sensory polyneuropathy 
associated with impaired glucose tolerance. Muscle Nerve 2001;24:1109-
12. 

[20] Sumner CJ, Sheth S, Griffin JW, Cornblath DR, Polydefkis M. The 
spectrum of neuropathy in diabetes and impaired glucose tolerance. 
Neurology. 2003;60:108-11. 

[21] Carrington AL, Shaw JE, Van Schie CH, Abott CA, Vileikyte L, Boulton 
AJ. Can motor nerve conduction velocity predict foot problems in diabetic 
subjects over a 6 year outcome period? Diabetes Care. 2002;25:-2010-2015. 

[22] Vinik AI, Park TS, Stansberry KB, Pittenger GL. Diabetic neuropathies. 
Diabetologia. 2000;43:957-973. 

[23] Kim BW, Kim DH, Kim JG. Comparisons between several neurologic tests 
of large myelinated nerves in type 2 diabetic patients with peripheral 
polyneuropathy. J Korean Diabetes Assoc. 1999;23:562-574. 

[24] Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal N, Greene DA. A 
practical two-step quantitative clinical and electrophysiological assessment 
for the diagnosis and staging of diabetic neuropathy. Diabetes Care. 
1994;17:1281-1289. 

[25] Van Deursen RW, Sanchez MM, Derr JA, Becker MB, Ulbrecht JS, 
Cavanagh PR. Vibration perception threshold testing in patients with 
diabetic neuropathy: Ceiling effects and reliability. Diabet Med. 
2001;18:469-475. 

[26] Muller MJ. Identifying patients with diabetes mellitus who are at risk for 
lower-extremity complications: use of Semmes-Weinstein monofilaments. 
Phys Ther. 1996;76:68-71. 

[27] Ferreira MC, Rodrigues L, Fels K. New method for evaluation of cutaneous 
sensibility in diabetic feet: preliminary report. Rev Hosp Clin Fac Med Sao 
Paulo. 2004;59:286-290. 

[28] Tkac I, Bril V. Glycemic control is related to the electrophysiologic severity 
of diabetic peripheral sensorimotor polyneuropathy. Diabetes Care 
1998;21:1749-52. 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 5, Issue 5, May 2015      7 
ISSN 2250-3153   

www.ijsrp.org 

[29] Krishnan E, Pandya B J, Chung L, Hariri A and Dabbous O. Hyperuricemia 
in young adults and risk of insulin resistance, prediabetes and diabetes: A 
15 year follow up study. Am J Epidemiol.2012; 176 (2): 108-116. 

[30] Sudhindra RM, Sahayo BJ. A study of serum uric acid in diabetes mellitus 
and prediabetes in a south Indian Tertiary care hospital. NUJHS. 2012; 2 
(2): 18-23.  

[31] Chien KL, Chen MF, Hsu HC, Chang WT, Su TC, Lee YT, et. al. Plasma 
uric acid and the risk of type2 diabetes in a Chinese community. Clin. 
Chem.2008; 54 (2): 310-316. 

[32] Feig DI, Mazzali M, Kang DH, Nakagawa T, Price K, Kannelis J, et. al. 
Serum uric acid: a risk factor and a target for treatment, J. Am. Soc. 
Nephrol 2006; 17 (2) : 69-73. 

[33] Dawber TR, Meadors GF, Moore FE Jr. Epidemiological approaches to 
heart disease: the Framingham Study. Am J Public Health Nations 
Health1962; 195; 4 (3): 279-281. 

[34] Gotfredsen A, McNair P, Christiansen C, Transbol I. Renal hypouricaemia 
in insulin treated diabetes mellitus. Clin Chim Acta 1982; 20: 355-361. 

[35] Modan M, Halkin H, Karasik A, Lusky A. Elevated serum uric acid - a 
facet of hyperinsulinemia. Diabetologia 1987; 30: 713-718. 

[36] Koenig W, Meisinger C. Uric acid, type 2 diabetes, and cardiovascular 
diseases: fueling the common soil hypothesis? Clinical Medicine 2008; 54 
(l2): 231-233. 

[37] Muscelli E, Natali A, Bianchi S, Bigazzi R, Galvan AQ, Sironi AM, et.al. 
Effects of insulin on renal sodium and uric acid handlin in essential 
hypertesnio. Am J Hypertens. 1996; 9 (8): 746-752. 

[38] Enomoto A, Kimura H, Chairoungdua A, Shigeta Y, Jutabha P, Ho Cha S, 
et.al. Molecular identification of a renal urate anion exchanger that regulates 
blood urate levels. Nature. 2002; 417: 447-452. 

[39] Niskanen L, Laaksonen DE, Lindstrom J, Eriksson JG, Keinanen-
Kiukaanniemi S, Ilanne-Parikka P, et al. Serum uric acid as a harbinger of 
metabolic outcome in subjects with impaired glucose tolerance: the Finnish 
Diabetes Prevention Study. Diabetes Care 2006; 29 (3): 709-711.  

[40] Thainsdottir S, Malik RA, Dahlin LB, Wiksell P, Eriksson KF, et al. 
Endoneurial capillary abnormalities presage deterioration of glucose 
tolerance and accompany peripheral neuropathy in man. Diabetes 
2003;52:2615-22. 

[41] Graf RJ, Ilalter JB, Pfeifer MA, Ilalar E, Brozovieh F, Porte D Jr. Glycemic 
control and nerve conduction abnormalities in non-insulin dependent 
diabetic subjects. Ann Intern Med 1981;94:307-311. 

 

AUTHORS 
First Author – Radhey Shyam, Department of Geriatric Mental 
Health, King George’s Medical University, Uttar Pradesh, 
Lucknow, India 
Second Author – Pushalata Sachan, Department of Physiology, 
King George’s Medical University, Uttar Pradesh, Lucknow, 
India 
Third Author – Munna Lal Patel, Department of Medicine, 
King George’s Medical University, Uttar Pradesh, Lucknow, 
India 
Fourth Author – Shradha Singh, Department of Physiology, 
King George’s Medical University, Uttar Pradesh, Lucknow, 
India 
Fifth Author – Sunita Tiwari, Department of Physiology, King 
George’s Medical University, Uttar Pradesh, Lucknow, India 
 
Correspondence Author – Dr. Radhey Shyam, Department of 
Geriatric Mental Health, King George’s Medical University, 
Uttar Pradesh, Lucknow, India, E-mail: raddy.kgmc@gmail.com 
 

 

 

http://ijsrp.org/

	Association of Serum Uric Acid and Neuropathy in Pre-diabetic and Diabetic subjects in North Indian Population
	Radhey Shyam1, Pushalata Sachan2, Munna Lal Patel3, Shradha Singh2 and Sunita Tiwari2

	I. Introduction
	II. Material and Method
	III.  Statistical Analysis
	IV. Result
	V. Discussion
	VI. Conclusion
	References
	Authors

