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Abstract
Background: The role of uric acid is well known for the development of nephropathy and
retinopathy in diabetic patients. The aim of this study was to evaluate the serum uric acid
levels in patients with or without diabetic neuropathy (DPN).
Methods: Forty-two patients with DPN (case group) and 42 patients without DPN (control
group) matched with regard to age, gender, body mass index (BMI) and duration of their
disease were entered into the study. The diagnosis of DPN was based on the nerve
conduction studies on sural, peroneal and tibial nerves in lower limbs. Serum uric acid was
measured in these two groups.
Results: The mean age of the patients in the case group was 54.6±6.9 and in the control
group was 55.8±5.8 years (p=0.389). The demographic characteristics of the patients in
these two groups were equal, but only the history of diabetic foot ulcer was higher in
patients with DPN (p<0.05). The mean serum uric acid was 4.70±0.96 in diabetic patients
with DPN and 4.36±0.89 mg/dl in patients without DPN (p=0.019).
Conclusion: The results show the higher level of serum uric acid level in diabetic patients
with diabetic neuropathy. Further studies are required to determine the role of uric acid in
the development and progression of DPN.
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D

iabetic peripheral neuropathy (DPN) is one of the most common chronic
complications of diabetes, which is occasionally the initial manifestation of type 2 diabetic
patients (1). The factors involved in the pathogenesis of diabetic neuropathy have not been
understood completely, and multiple hypotheses have been proposed but they are
commonly accepted to be a multifactorial process (2). Development of symptoms depends
on various factors, such as duration of hyperglycemia and other risk factors such as
dyslipidemia, hypertension, smoking, increased height, and exposure to other neurotoxic
agents such as ethanol. The probable etiologic factors include polyol pathway, nonenzymatic glycation, free radical and oxidative stress (3). In addition to these factors, it
seems that some other etiologies influence the pattern and presentation of clinical diabetic
neuropathy. In this field, the role of the factors such as hyperuricemia is doubtful. The role
of serum uric acid in coronary heart disease, vascular disease, peripheral arterial disease,
and stroke was shown in some studies (4-7). Regarding the microvascular complications of
diabetes, the role of uric acid in the onset and progression of diabetic nephropathy or
albuminuria was shown in some studies (8-10). Also, the increased uric acid level was
reported in diabetic foot patients with retinopathy (11). Higher serum uric acid levels in
type 2 diabetic patients with sudomotor dysfunction or with peripheral neuropathy were
shown in two studies (12, 13).
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Because of the obscurity in this field, the aim of this
study was to evaluate the serum uric acid level in patients
with and without diabetic peripheral neuropathy.

Methods
From October 2012 and January 2013, 42 patients with
diabetic peripheral neuropathy and 42 subjects without
peripheral neuropathy were entered into the study. All
patients had diabetes type 2 and were matched with regard to
age, gender, duration and body mass index (BMI). The
patients were selected from 600 patients with diabetes type 2
in Hamedan Diabetes Center, Hamedan University of
Medical Sciences, Iran (14). We used the standard
Neuropathy Symptom Score (NSS) and Neuropathy
Disability Score (NDS) criteria for screening of diabetic
neuropathy in this population (15, 16). The patients with age
less than 30 and more than 70 years, other causes of
neuropathy, the use of any medication that alters serum uric
acid level (such as allopurinol, thiazides, salicylate,
levodopa, ethambutol, pyrazinamide, niacin or cyclosporine
and glucocorticoids), history of hepatic or renal dysfunction
(Cr> 1.5), malabsorption or malnutrition and alcohol abuse
were excluded from the study.
After signing an informed consent for each patient, first,
the subjects completed a questionnaire including general
information, smoking status, duration of diabetes, type of
medication and history of foot ulcer. Then, the height,
weight and blood pressure were recorded. For the diagnosis
of peripheral diabetic neuropathy, we performed a nerve
conduction study. Biochemical parameters including serum
creatinine, HbA1c and uric acid were measured in the fasting
state. The study was approved by the Research Ethics
Review Committee of Hamedan University of Medical
Sciences, Hamedan, Iran.
Screening for peripheral diabetic neuropathy: NSS
(Neuropathy Symptom Score) and NDS (Neuropathy
Disability Score) criteria were used for the screening (1517). NSS questionnaire included questions regarding the type
of the sensation, location of the symptoms, the time of the
symptoms, waking up from the sleep and factors that relieve
symptoms. NDS contains neurologic examination parameters
such as the ankle reflex and perceptions of pinprick, cold and
vibration. Each parameter takes a score of 0 to 2. Total NSS
and NDS score is the sum of these scores. The criteria for the
existence of DPN were a NDS score of at least 6,

irrespective of NSS score, or a NDS score of 3-5 in
combination with a NSS score of at least 5 (15-17).
Nerve conduction studies were performed on sural,
peroneal and tibial nerves in lower limbs while amplitude,
conduction velocity and latency were measured. The
obtained values were compared with normal values (18).
Diagnosis of DPN was based on the recommended protocol.
The case definition criterion for confirmation of DPN was an
abnormality (≥99th or ≤1st percentile) of any attribute of
nerve conduction in two separate nerves, one of which must
be the sural nerve (19).
The severity of DPN was assessed by a combination of
neuropathy symptoms, signs, nerve conduction studies
abnormalities as mild, moderate and severe (20). Serum uric
acid and creatinine were measured by enzymatic
colorimetery using an autoanalyzer (Selectra-2, Italy) and
relevant commercial kits (Pars Azmoon, Tehran, Iran).
HbA1c was assessed by color reflectometer using an
analyzer and kit (NycoCard, England).
Data analysis: SPSS Version 16 was used to perform the
statistical analysis. To determine the normal distribution of
variables, Kolmogorov Smirnov test was used. Data with
normal distribution were expressed as mean and standard
deviation and data without normal distribution were
expressed as median and inter-quartile range. For
comparison between these two groups, t- test and ManWhitney test were used. To compare qualitative variables
between the two groups, chi square test was used. Pvalues
less than 0.05 were considered to be significant.

Results
General characteristics and biochemical parameters of
the case and control groups are shown in table 1. The mean
age of the patients in the case group was 54.6±6.9 and in the
control group was 55.8±5.8 years (P=0.389). Twenty six
patients in each group were females (61.9%). Only the
history of diabetic foot ulcer was higher in patients with
DPN (P=0.003). Other variables did not have significant
difference in two groups (table 1). The mean serum uric acid
level was significantly higher in case group (4.70±0.96 vs.
4.36±0.89) (P=0.019). In the control group, 19 patients had
mild DPN, 11 patients had moderate DPN and 12 patients
had severe DPN. Uric acid levels in these three groups were
as follows respectively: 4.28±0.95 mg/dl, 4.94±0.89 mg/dl
and 5.13±0.82 mg/dl.
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Table 1. General characteristics and biochemical parameters of the case and control groups
With DPN
( n= 42 )
26 (61.9)
54.6±6.9
29.3±4.1
9.7±4.2

Without DPN
( n=42 )
26 (61.9)
55.8±5.8
27.6±3.9
9.1±5.2

Female, n (%)
Age (years)
BMI (Kg/m2)
Duration of Diabetes (years)
Medication, n (%)
Oral agent
14 (33.3)
17 (40.4)
Insulin
17 (40.4)
12 (28.5)
Both
11 (26.1)
13 (30.9)
Smoking (%)
6 (14.2)
3 (7.1)
History of diabetic foot ulcer (%)
8 (19)
0 (0)
History of hypertension (%)
27 (64.2)
20 (47.6)
Systolic blood pressure (mm/Hg)
134.4±16.7
131.0±17.3
Diastolic blood pressure (mm/Hg) 80 (80-90)*
80 (80-90)*
Serum creatinine (mg/dl)
1 (0.9-1.2)*
1 (0.9-1.2)*
HbA1c %
8.1±1.3
7.9±1.5
Uric acid (mg/dl)
4.70±0.96
4.36±0.89
*Median and inter-quartile range. Others as mean±SD

Discussion
The results of this study showed that the uric acid level
was significantly higher in diabetics with peripheral diabetic
neuropathy. The role of uric acid in the development of
complications of diabetes has been investigated in several
studies. Some studies proposed uric acid as a mediator in the
prediction of the development of albuminuria in diabetes.
Hovind et al. studied 277 patients with type 1 diabetcs that
showed uric acid level soon after onset of type 1 diabetes
was independently associated with the risk for later
development of diabetic nephropathy (8). Another study
showed that elevated serum uric acid levels was a strong
predictor of the development of albuminuria in patients with
type 1 diabetes (9). Also, the contribution of high-normal
range uric acid concentration in disturbance of renal function
in patients with type 1 diabetes was demonstrated in one
study (10). Existing studies focusing on diabetic retinopathy
are scarce. Feldman et al. did not find any significant
difference in uric acid levels between those with or without
retinopathy, but Mohora et al. who compared two groups of
diabetic foot patients, with and without retinopathy showed
higher concentrations of uric acid in diabetic foot patients
with retinal disease (11, 21). Another study demonstrated the
association of hyperuricemia with smaller retinal arteriolar

P.Value
1.000
0.389
0.056
0.583

0.517
0.290
0.003
0.124
0.373
0.640
0.831
0.524
0.019

caliber and larger venular caliber in a high risk Chinese
population for diabetes (22). Two recent studies that have
been published by Papanas et al. were evaluated the serum
uric acid levels in type 2 diabetic patients with and without
peripheral neuropathy and with and without sudomotor
dysfunction (12, 13). In the first study, they showed that
serum uric acid increased in 64 patients with neuropathy
versus 66 matched patients without neuropathy according to
NSS-NDS criteria (13). Also, in another study, they showed
significantly higher serum uric acid levels in type 2 diabetic
patients with sudomotor dysfunction (12).
We added electro diagnostic tests to NSS-NDS criteria
for better documentation of peripheral neuropathy. In the
clinical point of view, while the main etiologic factor in the
pathogenesis of diabetic neuropathy is hyperglycemia and its
consequences, it seems that the other factors may decrease
residual risk. Uric acid and many unknown factors may play
roles in this context. Since the role of uric acid in other long
term complications of diabetes was suggested in some
studies, its contribution for the development or progression
of diabetic neuropathy is probable. In the present study, we
tried to match those factors that affect serum uric acid level
such as BMI and renal function in case and control groups.
The advantage of our study is the confirmation of the

20

peripheral neuropathy by electrodiagnostic method as the
minimal criteria for the diagnosis of DPN (20). Variations in
serum uric acid level and the effect of diet on its level may
be the limitations of our study. Although further studies are
needed to clarify the specific role for uric acid in the
pathogenesis of diabetic neuropathy, the results of the
present study raised the possible role of uric acid in this
process. Proving this hypothesis will expand our
understanding about the pathogenesis of diabetic neuropathy.
Whether changes in serum uric acid level may cause changes
in progression of diabetic neuropathy needs further studies.
In conclusion, the result of our study shows the probable role
of serum uric acid levels in the development of peripheral
diabetic neuropathy.
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