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Abstract Introduction: Diabetes is a metabolic disorder with multiple microvascular complications such as retinopathy, 

neuropathy and nephropathy. Hyperuricemia has been found to be associated with these microvascular complications in 
Southeast Asian countries, but its prevalence in South Indian diabetics is unknown. Aims and objectives: Primary 
objective: To identify the association between serum uric acid levels (SUA) and microangiopathic complications in 
patients with type-2 Diabetes Mellitus. Secondary objective: To study the association of risk factors such as age, duration 
of diabetes, FBS, PPBS and HbA1c with uric acid levels. Materials and Methods: 50 patients attending the medicine 
outpatient department or admitted in the medicine ward were interviewed and a detailed history, relevant clinical 
examination including BMI was carried out. FBS, PPBS, HbA1c, serum uric acid and serum creatinine were done. 
Assessment of microvascular complications was done using urine spot PCR for nephropathy, NCS for neuropathy and 
detailed fundus examination for retinopathy. Results: 50 patients with a mean age of 54.5 ± 11.5 years were included in 
the study of which 52% were males and 48% females. Diabetic retinopathy, nephropathy and neuropathy were found in 
56%, 38% and 40% of patients respectively. Mean duration of diabetes was 8.2 ± 5.5 years. The SUA levels were found 
to be higher in patients with retinopathy than those without retinopathy (6.7 ± 1.6 vs 5.1 ± 1.35) mg/dl which was 
statistically significant (p < 0.001). A similar difference was found in patients with and without neuropathy (7.1 ± 1.5 vs 
5.3 ± 1.4)mg/dl (p < 0.0001). However there was no statistically significant difference in SUA levels in patients with 
nephropathy. Correlation of SUA levels with other risk factors such as FBS, PPBS and HbA1c, age, duration of diabetes 
and BMI revealed that FBS and age had a statistically significant positive correlation with SUA (p = 0.043 and p = 0.027) 
respectively. Conclusion: SUA levels are higher in patients with microvascular complications of type 2 DM such as 
retinopathy, neuropathy and nephropathy. Further, higher FBS and increasing age are found to be associated with higher 
uric acid levels.  
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INTRODUCTION 
Diabetes is the leading cause of adult blindness due to 
retinopathy, end stage renal disease due to nephropathy 
and foot ulcers and lower limb amputation due to 
neuropathy. Hyperuricemia has been found to be 
associated with obesity and insulin resistance, and1 
consequently with type 2 diabetes. Many studies have 
suggested that inflammation and oxidative stress results 
from the metabolism of uric acid, leading to vascular 
injury. This may be because Xanthine oxidase acts as one 
of the major source of reactive oxygen species2. As early 
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as 1973, Klein et al studied the association of serum uric 
acid level with coronary heart disease risk factors3. Over 
recent years there has been debate about the nature of this 
association between raised serum uric acid concentration 
and cardiovascular disease. If the association between 
hyperuricemia and diabetic complications in conclusively 
established, therapeutic interventions targeted at uric acid 
levels may benefit these patients.  
 
AIMS AND OBJECTIVE  
Primary objective: To identify whether any association 
exists between serum uric acid (SUA) levels and 
microangiopathic complications (Diabetic Neuropathy, 
Retinopathy and Nephropathy) in Type-2 Diabetes 
Mellitus. 
Secondary Objectives: To study the association of 
fasting blood sugar(FBS), post prandial blood sugar 
(PPBS), HbA1c with uric acid levels. 
 
MATERIALS AND METHODS 
This cross sectional study was carried out in the general 
medicine department of a tertiary care centre in semi-
urban Tamilnadu. All adult patients with Type 2DM 
either on oral hypoglycemic agents or insulin treatment 
were included, after obtaining informed consent. Patients 
younger than 18 years, those on drugs affecting uric acid 
metabolism, those with peripheral artery disease, stroke, 
other potential causes of neuropathy (i.e., alcohol abuse, 
vitamin B12 deficiency, peripheral nerve lesions, or 
malignancy), hepatic dysfunction, patients with acute 
illness, fever and urinary tract infection, those with 
glomerular filtration rate (GFR) less than 60 mL/min and 
those patients not willing to participate, were excluded 
from the study. For all patients meeting the inclusion 
criteria, the baseline demographic details were 
documented. The basic investigations including fasting 
and post prandial bood sugars, HbA1c, fasting lipid 
profile, Serum creatinine and Urine complete examination 
were documented. The presence of microvascular 
complications was established by fundus examination by 
an ophthalmologist to assess retinopathy, Urine spot 
Protein/creatinine ratio (PCR) to assess nephropathy and 
Nerve conduction study (NCS) to assess neuropathy. 
Approximately 5ml of venous blood was obtained for 
estimation of serum uric acid. Hyperuricemia was defined 
as SUA>7.0 mg/dL in men and >6.5 mg/dL in women. 
We had done a pilot study to ascertain whether serum uric 
acid has an association with microvascular complications 
and we found that there was a difference in uric acid level 
(1.3 mg/dl). Those who had any one microvascular 
complication had a mean SUA of 5.8 mg/dl and those 
without microvascular complication had 4.5 mg/dl. The 
above said information was the base idea for the workup 

of sample size calculation. To detect a difference of 1.3 
mg/dl of SUA, with two-tailed distribution, effect size of 
0.4, level of significance at 5% and power of 80%, the 
required sample size was 50 cases. The sample size was 
derived with the help of software G*Power3.1.9.2. 
Statistical analysis for quantitative variables used mean 
and standard deviation, while frequency and percentages 
were used for categorical variables. The association 
between the explanatory and outcome variables was 
assessed by cross tabulation and chi square test for 
categorical variables. ANOVA was used to compare the 
mean values of quantitative variables across categorical 
exposure variables. The correlation between two 
quantitative variables was assessed by Pearson’s 
correlation coefficient. IBM SPSS version 21 was used 
for statistical analysis. p value < 0.05 was considered 
statistically significant. 
 
RESULTS 
50 patients meeting the inclusion criteria were recruited 
into the study. Table 1 represents the baseline 
characteristics of the study population. The majority of 
the patients were in the age group of 40-60 years, with 
mean age being 54 years. Males and females were equally 
distributed. Most patients had long standing diabetes, 
with mean duration of diabetes being 8.2 years. About a 
quarter of the patients (24%) had hypertension in addition 
to diabetes. The mean BMI was 26.8 kg/m2 suggesting 
that the population under study was predominantly 
overweight. Table 2 shows the distribution of 
microvascular complications in the study population. 
Diabetic retinopathy was the most prevalent, followed by 
nephropathy and then neuropathy. 
Correlation between serum uric acid and baseline 
characteristics : The correlation between serum uric acid 
levels and age of the patient, duration of diabetes, BMI, 
FBS, PPBS and HbA1c was analysed. There was a 
significant relationship between age and SUA. The 
proportion of patients with higher SUA was more in the 
age group of greater than 60 years (p=0.027) as compared 
to the younger age groups. The FBS also had a positive 
correlation with the SUA (r=0.288, p=0.043), which was 
statistically significant. However, we could not establish a 
statistically significant correlation between SUA and 
other variables, probably because the study was not 
adequately powered (Table 3). 
Correlation between serum uric acid level and 
microvascular complications: The primary aim of the 
present study was to establish the association between 
serum uric acid levels and the presence of microvascular 
complications in patients with Type 2 diabetes. Table 4 
represents the prevalence of hyperuricemia in patients 
with retinopathy, neuropathy and nephropathy, as 
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compared to those without these complications. It can be 
seen that retinopathy and neuropathy patients had 
significantly more hyperuricemia than those without. 
However there was no statistically significant difference 
seen in the group with nephropathy. Among those with 
retinopathy 77.8% had high SUA, as compared to 30.4% 
with normal levels (p<0.001). Similarly among 
nephropathy patients and neuropathy patients, 34.8% and 
59.3% had hyperuricemia respectively. This suggests that 

high uric acid levels are significantly correlated with 
microangiopathies in Type 2 Diabetes (Fig. 1). On 
comparing the mean SUA levels, it was found that across 
the three groups, mean SUA was higher among those 
with complications. The median and IQR were also 
significantly higher in the retinopathy and neuropathy 
groups (Table 5). These values can be demonstrated 
clearly in the box plots shown in Fig 2. 

 
Table 1: Baseline characteristics 
Variables Mean±SD/ N(%) 

Age in Years 54.1±11.3 
Sex 

 
Males n(%) 26 (52) 

Females n(%) 24(48) 
Smoking N (%) 7 (14) 
Hypertension 12 (24) 

Body mass Index (BMI) in kg/m2 26.8±3.5 
Duration of Diabetes in Years 8.2±5.5 

 
Table 2: Distribution of Microvascular complications 

 Present 
N (%) 

Absent 
N (%) 

Diabetic Retinopathy 28(56) 22(44) 
Diabetic Neuropathy 19(28) 31 (62) 

Diabetic Nephropathy 20 (40) 30 (60) 
 

Table 3: Correlation of serum uric acid levels with other parameters 

Parameter Hyperuricem
ia N(%) 

Normal SUA 
n(%) P value 

Age (years) 
<40 1 (3.7) 6 (26.1) 

0.027 40-60 16 (53.3) 14 (46.7) 
>60 10 (37) 3 (13) 

Correlation between variables and SUA levels 
 CORR. COEFF (R) P value 

Duration of diabetes 
(years) 0.218 0.368 

BMI 0.031 0.830 
FBS 0.288 0.043 

PPBS 0.212 0.139 
 

Table 4: Comparison of serum uric acid level in microvascular complications 
Microvascular 
complications 

Hyperuricemia 
N(%) 

Normal SUA 
n(%) P value 

Diabetic retinopathy 21(77.8%) 7(30.4%) P<0.001 
Diabetic neuropathy 16(59.3%) 4(17.4%) P=0.004 

Diabetic nephropathy 8(34.8%) 11(40.7%) P=0.665 
 

Table 5: Mean, median and iqr of serum uric acid levels in microvascular complications 

Microvascular complication Mean±SD 
SUA(mg/dL) 

Median(IQR) 
SUA(mg/dL) P value 

Diabetic 
retinopathy 

Present 6.7 +1.6 7.2(6.1-8.1) P<0.001 Absent 5.1 +1.35 5.05(4.2-5.8) 
Diabetic 

nephropathy 
Present 6.4 +1.5 7.0(5.2-8.1) P=0.141 Absent 5.8 +1.6 5.6(4.6-7.2) 

Diabetic 
neuropathy 

Present 7.1 +1.5 7.4(7.1-8.2) P<0.001 Absent 5.3 +1.4 5.1(4.4-6.3) 
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Figure 1           Figure 2     Figure 3 

Legend 
Figure 1: Association between serum uric acid levels and microvascular complications; Figure 2: Box plots showing the difference in sua 
between those with and without microvascular complications Figure 3: Box plots showing the difference in Uric acid 
 
DISCUSSION 
Several studies have identified that serum uric acid levels 
can be used as a predictor for cardiovascular events, such 
as myocardial infarction, especially in patients with type 
2 diabetes. However, studies such as the Framingham 
analysis published in 1999 reported that this relationship 
of uric acid with cardiovascular disease was not 
independent when it was controlled for other accepted 
cardiovascular risk factors, such as hypertension, diuretic 
use, obesity, and renal disease4. With regard to the 
microvascular complications of diabetes in association 
with serum uric acid levels, certain mechanisms have 
been postulated5. Production of uric acid focally in the 
vitreous is thought to be involved in the pathogenesis and 
progression of diabetic retinopathy6. The relationship 
between serum uric acid and diabetic nephropathy has 
been proven unequivocally in several studies7, and 
therapeutic lowering of uric acid using allopurinol and 
febuxostat has been shown to offer renoprotection8. 
Studies have been published by Chuengsamarn from 
Thailand, who concluded that elevated uric acid were 
significantly associated with all the diabetic 
microvascular complications9, and Tseng from Taiwan, 
who reported that SUA levels were higher in those with 
diabetic complications10. The present study analyzed the 
level of serum uric acid with respect to various 
microvascular complications, and assessed the risk factors 
associated with hyperuricemia. A significant association 
was found between SUA and retinopathy (mean SUA 
level in those with and without retinopathy were 6.7 +1.6 
mg/dl and 5.8 +1.6 mg/dl respectively, p<0.001). Lee et 
al reported that in Taiwanese patients with Type 2 DM, 
higher SUA level was associated with increase in severity 
of retinopathy11. With regard to nephropathy, the mean 
SUA in those with albuminuria was 6.4 +1.5mg/dl which 
was higher when compared to those without albuminuria 
(5.8 +1.6 mg/dL). Authors from Iran have also reported a 
relationship between hyperuricemia, microalbuminuria 

and other chronic vascular complications in diabetes12. In 
the study by Bonakdaran et al, Serum uric acid levels for 
normoalbuminuric, microalbuminuric, and 
macroalbuminuric patients were found to be 4.49 ± 1.22 
mg/dL, 4.84 ± 1.52 mg/dL, and 6.15 ± 1.68 mg/dL, 
respectively13. When compared to it, patients with 
diabetic nephropathy in the present study had a higher 
mean SUA level. From India, Udayamma et al have 
established correlation between nephropathy and high 
uric acid level, but not with neuropathy14. In the present 
study there is a significant relationship between high 
SUA and diabetic neuropathy (p<0.001). Overall, the 
median SUA level was found to be more than 7mg/dl in 
patients with any one of the microvascular complications 
of diabetes. Hence, from the present study, it can be 
established that significant relationship exists between 
serum uric acid levels and all the three microvascular 
complications of diabetes. Further studies are required to 
establish the effect of urate lowering therapies in 
prevention of progression of these complications. 
 
CONCLUSION 
Serum uric levels are higher in patients with 
microvascular complications of type 2 DM such as 
retinopathy, neuropathy and nephropathy, when 
compared to those without complications. Further, higher 
FBS and increasing age are found to be associated with 
higher uric acid levels.  
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