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ABSTRACT 

 

BACKGROUND AND OBJECTIVES: 

 Diabetic nephropathy (DN) is the most common cause of chronic kidney 

disease worldwide.
1-2

In the wake of the current epidemic of diabetes mellitus (DM), 

the prevalence of DN and end stage renal disease (ESRD) is projected to rise.
3
 

 Different therapeutic strategies targeting DN have been explored such as tight 

glycemic control, 
4
 tight blood pressure control

5
 and various inhibitors of the renin 

angiotensin aldosterone system (RAAS).
6-8

 while these therapies appear to slow the 

progression of kidney disease due to diabetes, none of them are curative. Thus we 

require adjunctive therapeutic strategies; especially in patients with complications of 

treatment or lack of appropriate response.
9
 hence there is a pressing interest to identify 

other potentially modifiable factors in the progression of DN.  

 Inflammation and endothelial dysfunction appear to play a central role in the 

onset and the progression of DN. Recent evidence has emerged in the last decade to 

suggest uric acid is an inflammatory factor and may play a role in endothelial 

dysfunction. 

  Studies suggest that treatment of diabetic nephropathy may be benefited by 

treatment with xanthine oxidase inhibitor.
10

 

 The aim of this study is to find an association between serum uric acid level 

and albuminuria in type 2 diabetes mellitus (T2DM). 

 

METHODS: 

 This study was carried out in B.L.D.E.U’s Shri B.M. Patil Medical College 

Hospital and Research Centre, Vijayapur, Karnataka; during the period from 

December 2013 to July 2015. A total of 56 patients who were known case of Type 2 



 

X 

diabetes mellitus were included in the study. The blood of the selected subjects were 

analysed for Serum uric acid and Urine albumin creatinine ratio. 

 

RESULTS:  

Serum uric acid levels for, and  

1. Normoalbuminuric patients=4.09±1.36 mg/dl 

2. Microalbuminuric patients=5.21±1.60 mg/dl 

3. Macroalbuminuric patients=7.38±0.87mg/dl 

 

 Serum uric acid level correlated positively with urinary albumin creatinine 

ratio (r = 0.559, p = <0.001). 

 

CONCLUSION:   

Serum uric acid had a significant positive correlation with albuminuria in type 

2 diabetes mellitus. 
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INTRODUCTION 
 

Uric acid is end product of purine metabolism; it is filtered in glomeruli and 

excreted in urine. Hyperuricemia is defined by serum uric acid concentration greater 

than 7 mg/dl in man and 6 mg/dl in women.
11 

Hyperuricemia due to genetic 

abnormality in the purine metabolism is a well-known cause of gout. Hyperuricemia 

is present in normal population by about 14% in males and 1% in females as 

compared to its 32% prevalence in type 2 diabetic patients.
12

 The frequency of 

hyperuricemia is more in the obese type 2 diabetic patients than those without 

obesity.
13

 Similarly other literature has mentioned its association with metabolic 

syndrome or insulin resistance.
14

 

Apart from this, hyperuricemia is an associated factor with multiple other 

disorders. Uric acid is a common risk factor for, vascular diseases, 
15

   hypertension, 
16

 

type 2 diabetes mellitus and diabetic nephropathy.
17

 Hyperuricemia has an association 

with type 2 diabetes mellitus and hypertension independently of each other. It is more 

commonly associated with albuminuria than those without albuminuria in type 2 

diabetic patients.
17

 

Though the cause and effect relationship of hyperuricemia and diabetic 

nephropathy is debatable, however some literature mentions the detrimental effects of 

high uric acid level on the kidney functions.
18

 The main detrimental effect of high uric 

acid level as a part of the obesity and metabolic syndrome is through its injurious 

effects on the endothelium and inducing chronic inflammation.
19

 Some studies have 

shown slowing the progression of renal disease by treating the hyperuricemia with 

allopurinol.
16

 

Diabetic nephropathy is leading cause of end stage renal disease worldwide 

contributes to patient morbidity, mortality and increases nation’s health care costs.
20
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Diabetic and non-diabetic patients with albuminuria have increased cardiovascular 

mortality.
21, 22

 

Accumulating data reveal that inflammation, endothelial dysfunction and 

procoagulant imbalance are associated with nephropathy, retinopathy, and 

cardiovascular disease in Diabetes Mellitus (DM).
23-25 

The association of serum UA 

levels and dyslipidemia with inflammation and endothelial dysfunction are also 

shown.
26, 27

 However, the putative association between serum UA levels and 

albuminuria is not clear. 

 The pathogenesis of diabetic nephropathy is incompletely understood but may 

include glycosylation of circulating and intrarenal proteins and abnormal intrarenal 

hemodynamics. Hyperglycemia may cause an increase in mesangial cell glucose 

concentration and glycation of matrix proteins that lead to increased matrix 

production and mesangial cell apoptosis.
28

 Cytokines activation, inflammation, and 

vascular growth factors may be responsible in the matrix accumulation in diabetic 

nephropathy.
29

 Glomerular hypertension and hyperfiltration are also responsible for 

development and progression of in diabetic nephropathy, hence, blockade of the 

renin-angiotensin system is beneficial in the treatment of disease.  

Detection of microalbuminuria is the screening method of choice for 

identifying of early stage of diabetic nephropathy.
30 

Correlation of serum uric acid 

(UA) with diabetic nephropathy was shown in several studies. For example level of 

serum UA was shown significantly higher in type 1 diabetic patients with persistent 

macroalbuminuria, compared to patients with normoalbuminuria.
31

 Elevated UA is 

associated with endothelial dysfunction, insulin resistance, development of 

hypertension, and cardiovascular disease.
32

 Elevated serum uric acid may be also 

associated with progression of non-diabetic renal disease.
33
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Currently renin-angiotensin system blockade is the gold standard in diabetic 

nephropathy treatment that leads to slowing the renal impairment but not arrest or 

reverse of the disease. Thus we require adjunctive therapeutic strategies, especially in 

patients with complications of treatment or lack of appropriate response.  

Recently, some prospective randomized controlled trials suggested that 

lowering of uric acid with allopurinol could decrease the severity of proteinuria and 

probably slow the progression of renal failure in diabetic patients
34 

and also in the 

patients with hyperuricemia and non-diabetic chronic kidney disease.
16

 Mechanism of 

beneficial effect of xanthine oxidase inhibitor may be related to preventing uric acid-

induced renal inflammation.
10

 Indeed, allopurinol decrease serum uric acid level and 

reduce oxidative stress, it is not exactly obvious the main beneficial mechanism of 

allopurinol in the diabetic nephropathy. 

 In conclusion, it seems that further studies are needed to clarify the effect of 

uric acid in initiation and progression of diabetic nephropathy and effect of uric acid 

lowering drugs on preventing or slowing of disease progression. 
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AIMS AND OBJECTIVES OF THE STUDY
 

 

To find out association of serum uric acid level with albuminuria in type 2 

diabetic patients. 
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REVIEW OF LITERATURE: 
 

HISTORICAL REVIEW: 

Diabetes was for many years regarded as the disease of the kidneys. This was 

the opinion of Aretaeus, Capadcian in second century AD. The view was still held by 

Erasmus Darwin in 1801. The presence of proteinuria in diabetes mellitus had long 

been known. Contunniues (1770), Rollo (1798), Darwin (1801), Rayer (1840), Van 

Noorden (1912), all had described the association of dropsy with diabetes. 

Vacuolization of tubular epithelium was observed by Armani (1875) and Ebstein 

(1881) and was shown to be due to glycogen infiltration by Ehlrich in 1888. 

Kimmelstiel and Wilson were the first to attribute specific glomerular lesions entitled 

inter capillary lesions in the glomeruli of kidney. These peripheral hyaline masses are 

known as Kimmelstiel Wilson lesions. These histological features were associated 

with clinical features of diabetes, hypertension, nephrotic syndrome and renal failure. 

Fahr demonstrated soon after the diffuse lesions in 1942 

Several major studies among diabetics have been undertaken (Tuft et al 1956, 

Farqahar et al 1959, Gellman et al 1959, Hatch et al 1961, O Sullivan et al) to 

demonstrate proteinuria especially when diffuse changes are considered.
35

 

In 1963 Keen and Chlouvervakis developed sensitive and specific 

Radioimmunoassay for detecting human albumin in low concentration i.e. 

microalbuminuria, which indicate earliest stage of diabetic renal disease.
36

 

The first suggestion, that pro-inflammatory cytokines could participate in the 

development of DN, was made in 1991 by Hasegawa et al.
37,38 

They reported that 

glomerular basement membranes from diabetic rats induced significantly greater 
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amounts of TNF-α and IL-1 in cultured peritoneal macrophages than when these cells 

were incubated with basement membranes from nondiabetic rats.
37

 

 Elevated SUA itself may increase the risk for development of renal disease in 

both the general population and patients with diabetes. A study from Japan in 2001 

showed that hyperuricemia emerged as the only significant risk factor of renal failure 

besides age.
39

 

Bo et al in 2001, examined 2,113 patients with type 2 diabetes in Italy and 

found that hyperuricemia was associated with insulin resistance and with early onset 

or deterioration of diabetic nephropathy.
40

 

In 2005, a study was done among 343 adults with type 2 diabetes in Taiwan, 

China, 
41

 in which hyperuricemia was correlated with albumin excretion rate. The 

respective uric acid levels for normoalbuminuria, microalbuminuria and 

macroalbuminuria were 5.2± 1.6 mg/dl, 5.6 ± 1.9 mg/dl and 6.7± 2.1 mg/dl (P 

<0.001).The standardized regression coefficient for Albumin Creatinine ratio (ACR) 

and the odds ratio for abnormal albuminuria for every 1 mg/dl increment of uric acid 

after adjusting for calculated creatinine clearance and other confounders were 0.138 

(P <0.05) and 1.183 (1.025–1.364), respectively. 

In 2009, an animal study was done in type 2 diabetic db/db mice to study 

effect of lowering uric acid on renal disease.
10 

Diabetic (db/db) mice were treated with 

allopurinol or no treatment for 8 weeks. They concluded that db/db develop 

hyperuricemia, which may have a role in mediating tubulointerstitial injury associated 

with diabetes. Lowering uric acid improved renal function, proteinuria, and 

tubulointerstitial damage, and the mechanism is likely due to blocking uric acid-

induced intrarenal inflammation. 
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A double-blinded randomized controlled trial was carried by Momeni A et 

al,
34

 in 2010, on 40 patients with T2DM and DN. Allopurinol (100 mg/d) was 

compared with placebo. Administration of antihypertensive and renoprotective drugs 

continued for both the groups. And it was observed that serum levels of uric acid (P = 

.02) and 24-hour urine protein (P = .049) were significantly lower in the patients on 

allopurinol group, after 4 months of receiving allopurinol, compared with the control 

group. 

Bonakdaran S et al
17 

carried a study in 2011, in 1275 type 2 diabetic patients. 

Serum uric acid levels for normoalbuminuric, microalbuminuric and 

macroalbuminuric patients were 4.49 ± 1.22 mg/dl, 4.84 ± 1.52 mg/dl, and 6.15 ± 

1.68 mg/dl, respectively. The association between serum uric acid concentration and 

degree of urinary albumin excretion was significant even after adjustment for 

estimated GFR. 

Xiao-ling C et al, 
42

 in 2011, carried a study in China. Multivariate Logistic 

regression analysis was performed to evaluate the predictors of albuminuria. Result 

showed that diabetic duration, Systolic Blood Pressure, Creatinine and Serum uric 

acid (SUA) are the independent predictors of albuminuria. And all are positively 

correlated with it. (For SUA, p=0.001) 

A Korean study in 504 type 2 diabetic patients by Kim ES, et al
43

 showed that 

Uric acid level remains a significant predictor for abnormal albuminuria after 

adjusting for Metabolic syndrome  presence as well as the use of angiotensin-

converting enzyme inhibitor (ACEI) or angiotensin II receptor blocker (ARB) (OR 

1.414, 95% CI 1.071-1.868). 



 

8 

A cross-sectional analytical study conducted in 2013, by Behradmanesh S, 

Horestani MK, Baradaran A, et al
44 

in 60 patients with T2DM without a history of 

gout, showed a significant positive association of serum uric acid with the level of 

proteinuria was seen (r = 0.47, P < 0.001), after adjustment of weight. 

A study was carried in Pakistan in 2013
45

 in 163 diagnosed type 2 diabetic 

patients. In this study, Hyperuricemia was more prevalent in patients with diabetic 

nephropathy 50% (n=16) than those without nephropathy 19% (n=25). 

A retrospective study was carried out by Akbas et al
46

 in Turkey in 2013-2014, 

involving 645 diabetic patients. Positive correlation was determined between serum 

UA and albuminuria (r = 0.108, P = 0.006) and it was found by logistic regression 

analysis that albuminuria is associated independently with serum UA levels. 
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EPIDEMIOLOGY OF DM AND DN 

GLOBAL CONSIDERATION 

The prevalence of DM has risen dramatically over the past two decades, from 

an estimated 30 million cases in 1985 to 382 million in 2013.Based on current trends, 

the International Diabetes Federation projects that 592 million individuals will have 

diabetes by the year 2035.In 2013, the prevalence of diabetes in individuals from age 

20-79 ranged from 23-37% in different countries. In India, it was 65.1million. Centers 

for Disease Control and Prevention (CDC) estimated that the incidence and 

prevalence of diabetes doubled from 1990-2008, but appears to have plateaued from 

2008-2012. 

The global burden due to diabetes is mostly contributed by type 2 diabetes 

which constitutes 80-95% of total diabetic population. 

PREVALENCE IN INDIA  

Prevalence  of diabetes in India in 1970’s was 2.3% in urban area and 1.5% in 

rural areas, as shown by multicentric study by the Indian Council of Medical Research 

(ICMR).In 2000,the prevalence has risen to 12% to 19% in urban areas and to 4% 

to9% in rural areas. A study from rural Andhra Pradesh reported a prevalence of 

13.2%. 

National studies or population based studies on diabetic complications are 

sparse in India. A few population based studies indicate the prevalence of retinopathy 

to be 18%to 27% and overt nephropathy to be about 2.2% with a large percentage 

(27%) having microalbuminuria. Peripheral vascular disease is prevalent in 6.3%, 

peripheral neuropathy in 26% and coronary artery disease (CAD) is detected in 21%. 
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DIABETIC NEPHROPATHY  

Definition and Diagnosis 

Incipient nephropathy 

Diagnosis of incipient nephropathy rests on the demonstration of persistent 

microalbuminuria without other urinary abnormalities or evidence of urinary tract 

infection or heart failure. Definition of microalbuminuria, however, was a matter of 

controversy until very recently. A general consensus is now emerging on defining as 

microalbuminuria asACR between 30µg/mg and 299µg/mg. 

Overt nephropathy  

It is a clinical syndrome characterized by persistent albuminuria (>300 mg/24 

h orACR ≥  300 µg/mg), on at least two occasions separated by 3-6 months. This is 

equivalent to total proteinuria>500 mg/24 h which can be diagnosed clinically if the 

following additional criteria are fulfilled: presence of diabetic retinopathy and the 

absence of clinical or laboratory evidence of other kidney or renal tract disease
47

. 

Patients invariably develop associated hypertension, a progressive increase in 

proteinuria and a predictable and relentless decline in glomerular filtration rate 

(GFR).
48, 49

 

NATURAL HISTORY OF NEPHROPATHY IN T2DM 
50 

The natural history of diabetic nephropathy in patients with T2DM is less well 

understood than in patients with T1DM. This is because of the fact that T2DM is 

largely a disease of an older population, with associated obesity, hypertension, & 

dyslipidemia &high rates of cardiovascular disease that restrict the manifestation of 

diabetic renal disease. In addition approximately 7% of patients with T2DM already 
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have microalbuminuria at the time of diagnosis.
51

 This may be partly related to the 

fact that most of these patients have had untreated diabetes for 10 years (on average) 

before diagnosis. Within 5 years of a diagnosis of T2DM, up to 18% of patients have 

microalbuminuria, especially those with poor metabolic control and high BP levels.
52
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Table1.Stages of diabetic nephropathy 

Stage Designation Glomerular Albuminuria Blood Years 

  filtration  Pressure after 

     diagnosis 

      

1 Hyper function / Elevated Absent Normal At 

 Hypertrophy    diagnosis 

      

2 The Silent Stage High normal Absent Normal At 

     diagnosis 

      

3 Microalbuminuria / Within the 20-200mcg/min Increasing- 5-15 

 Incipient normal (30-300mg/day) 3mmhg/yr  

 Nephropathy range    

      

4 Macroalbuminuria/ Decreasing >200mcg/min Usually 10-15 

 overt nephropathy  (>300mg/day) Frank  

      

5 End stage renal Diminished Macroalbuminuria, Hypertension 15-30 

 Disease  decreasing   

   Due to glomerular   

   occlusion   
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Stage 1: Hyperfiltration 

The initial phase has been termed the hyper filtration phase. It is associated 

with an elevation of glomerular filtration rate (GFR) and an increase in capillary 

glomerular pressure. Hyperfiltration is considered to occur as a result of concomitant 

renal hypertrophy as well as being partly due to a range of intrarenal 

Hemodynamic abnormalities that occur in the diabetic milieu that contributes 

to glomerular hypertension, which is thought to be an important factor in the 

development and progression of diabetic nephropathy. Hyperfiltration is less common 

in T2DM compared to T1DM. In newly diagnosed patients with type 2 diabetes, 30-

40% has an elevated GFR.
53 

This observation must be interpreted with caution, 

because GFR normally declines with age, and hyperfiltration can still exist although 

the GFR remains in the normal adult range. Institution of effective therapy and the 

consequent improvement in glycemic control leads to a decrease in GFR. These 

changes are seen predominantly in the younger patients.
54, 55, and 56

 

Stage 2: The Silent Stage 

The next stage is known as the silent stage, where, from, clinical point of 

view, there is no overt evidence of any form of renal dysfunction, Patients usually 

have normal GFR with no evidence of albuminuria. However, this phase is associated 

with significant structural changes including basement membrane thickening and 

mesangial expansion. The hyperfiltration is related to the degree of hyperglycemia up 

to 250 mg/ dl (14mmol/L). Levels of glycaemia higher than this are associated with a 

reduction in GFR. 
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Stage 3: Microalbuminuria 

Stage 3 is microalbuminuria or incipient nephropathy and it usually occurs 

after 6-15 years of diabetes. It is present in 20-30% of type 2 diabetics at initial 

diagnosis.
53

 The GFR may still be elevated or may be reduced into the normal range. 

Urine albumin excretion rate (UAER) during this stage is 20-200 micrograms/min 

(30-300 mg/24 hrs). The development of micro albuminuria is associated with a small 

but detectable increase in blood pressure although, at this stage, it usually remains 

within the conventional age-corrected normal ranges. Impairment of the normal 

nocturnal 'dipping' of blood pressure on 24-h ambulatory blood pressure monitoring 

has also been reported. There is also further progression of the histological changes, 

with increase in basement membrane thickness and fractional mesangial volumes 

within the glomerulus, which will ultimately impinge on the filtration surfaces. In 

adolescents who develop microalbuminuria, those with initial hyperfiltration have a 

greater subsequent rate of decline in GFR (1.1 mL/min/year) compared without (0.8 

mL/min/year).
54 

The rate of fall in GFR is positively correlated with glomerular 

basement membrane thickness, fractional mesangial volume and interstitial volume 

fraction. However finding of microalbuminuria may not be specific for diabetic renal 

disease as in T1DM. 

Stage 4: Macroalbuminuria 

The next stage is the macroalbuminuria phase or overt nephropathy. This stage 

represents the phase that has been previously described as diabetic nephropathy and is 

highly predictive of subsequent renal failure if left untreated. It is characterized by a 

urinary albumin excretion rate greater than 300 mg/24 hours (200micro grams/min). 

This phase usually occurs after 10 to 15 years of diabetes. Proteinuria increases at the 

rate of 15% to 40% per annum. The GFR commences an inexorable decline, By 
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comparison with type 1, the rate of decline in GFR in type 2 diabetics with established 

nephropathy has a wider range, with a mean of 5-10 ml/min/year but with a range of 

1-20 ml/min/year. The rate of decline of GFR is still generally predictable in a given 

patient, unless a superimposed illness develops. The rate of decline correlates with 

blood pressure levels; in patients with type 2 diabetes, this correlation is particularly 

evident for the systolic blood pressure. Progressors are depicted by poorer glycemic 

control, albumin excretion rates, hypercholesterolemia, and smoking. 

Stage 5: ESRD 

Stage 5, the development of ESRD, ensues within a median of 7 years from 

the development of persistent proteinuria, if therapeutic interventions are not 

undertaken. 

PATHOLOGY 

Pathologic abnormalities are noted in patients with long-standing diabetes 

mellitus before the onset of microalbuminuria. There are three major histologic 

changes in the glomeruli in diabetic nephropathy, mesangial expansion, glomerular 

basement membrane thickening, and glomerular sclerosis. The last abnormality, 

which may have a nodular appearance (the Kimmelstiel-Wilson lesion), is often 

associated with hyaline deposits in the glomerular arterioles.
57 

These different 

histologic patterns appear to have similar prognostic significance.
58 

The mesangial 

expansion and glomerulosclerosis do not always develop in parallel, suggesting that 

they may have somewhat different underlying pathogenesis.
59
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Figure 1: Glomerular and tubular manifestations of diabetic nephropathy. 

GBM, glomerular basement membrane; TBM, tubular basement membrane 

RISK FACTORS: 

In Studies, in patients who have or do not have clinically evident diabetic 

nephropathy, a number of factors as being associated with increased risk of renal 

involvement are identified.
60

 

1. Genetic and environmental factors 
61

 

10-20% of those with type 2 diabetes develop nephropathy. Nephropathy may 

develop in some patients despite good glycemic control and it may fail to develop in 

others despite years of severe hyperglycemia. These findings suggest that non-

metabolic influences such as familial, ethnic and environmental factors may also 

contribute to the development of diabetic nephropathy. 
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The prevalence of nephropathy among diabetic patients varies between 

different racial and ethnic groups such that it is relatively increased in African 

Americans, Native Americans and urbanized Indo-Asian when compared with 

Caucasians. Familial clustering of diabetic nephropathy has been reported in both type 

1 and in type 2 diabetes. However, linkage between specific genes and the 

development of diabetic renal disease system has not been conclusively demonstrated 

although several studies have suggested a detrimental effect of the double deletion 

(DD) polymorphism of the ACE genotype on disease progression.
62 

In addition shared 

environmental influences like tobacco smoking & intrauterine malnutrition may also 

contribute to this familial clustering. It is hypothesized that this may, in turn, lead to 

compensatory glomerular hypertrophy with the acceleration of glomerular injury in 

the setting of further renal insult, such as diabetes. 

2. Race 

The incidence and severity of diabetic nephropathy are increased in blacks (3- 

to 6-fold compared to Caucasians), Mexican-Americans, and Pima Indians with type 

2 diabetes.
63

 This observation in such genetically disparate populations suggests a 

primary role for socioeconomic factors, such as diet, poor control of hyperglycemia, 

hypertension, and obesity. 

3. Obesity 

A high body mass index (BMI) has been associated with an increased risk of 

chronic kidney disease among patients with diabetes.
64 

In addition, diet and weight 

loss may reduce proteinuria and improve kidney function among patients with 

diabetes.
65, 66
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4. Smoking 

Smoking is associated with a variety of adverse effects in patients with 

diabetes. This includes evidence of increases in albuminuria and the risk of end-stage 

renal disease and of decreased survival once dialysis is begun.
67

 

5. Blood pressure 

Prospective studies have noted an association between the subsequent 

development of nephropathy in type 2diabetes and higher systemic pressures.
68

 

6. Glomerular filtration rate 

Those patients with glomerular hyperfiltration appear to be at increased risk 

for diabetic renal disease.
69

 This is particularly true for overt nephropathy if the initial 

GFR is above 150 ml/min; in comparison, lesser degrees of hyperfiltration may have a 

slower course, with a lesser risk for microalbuminuria.
70

 

The potential importance of intraglomerular hypertension in the pathogenesis 

of diabetic nephropathy may explain why systemic hypertension is an important risk 

factor for the development of diabetic nephropathy. Studies in experimental animals 

suggest that the diabetic state is associated with impaired renal autoregulation. As a 

result, raising the systemic pressure does not produce the expected afferent arteriolar 

vasoconstriction that would minimize transmission of the elevated pressure to the 

glomerulus.
71

 

7. Glycemic control 

Diabetic nephropathy is more likely to develop in patients with worse 

glycemic control (higher HbA1c levels).
72 

The mechanisms by which hyperglycemia 

induces DN are complex and may involve not only effects of elevated glucose levels 
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per se but also the generation from the hyperglycemic state of glycated proteins and 

alcohol sugars (polyols). 

PATHOGENESIS 

There appear to be different pathogenetic processes leading to the pathologic 

mechanisms in diabetic nephropathy. 

Hemodynamic changes 
73

 

Hyperfiltration is common in early diabetes. The mechanism for the increased 

GFR is not completely elucidated, but may involve glucose-dependent effects on 

afferent arteriolar dilation, mediated by a range of vasoactive hormones and cytokines 

including insulin-like growth factor 1 (IGF-1), nitric oxide, prostaglandins and/or 

glucagon. 

Renal hypertrophy 

The early hyperfiltration response is associated with both glomerular and 

tubulointerstitial proliferation and hypertrophy. Kidney size may increase by several 

centimeters. Glomeruli enlarge with both an increase in capillary loop number and 

surface area. Most of the changes in the glomeruli are due to hypertrophy, whereas the 

tubular epithelial cells undergo both proliferation and an increase in cellular size. The 

mechanisms by which elevated plasma glucose levels cause hypertrophy appears to be 

due to the stimulation of a variety of growth factors within the kidney, including IGF-

l, epidermal growth factor (EGF), platelet-derived growth factor, and transforming 

growth factor(TGF-beta). Proliferation and hypertrophy may also be initiated by the 

fall within the kidney of certain anti proliferative factors, such as SPARC, the 

secreted protein, acidic and rich in cysteine. 'The role of TGF-beta in diabetic renal 

hypertrophy has been most studied. Both glucose and glucose generated advanced 
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glycation end products (AGEs) stimulate production of TGF-beta in a variety of cell 

types. Although TGF-beta is secreted in a latent form, hyperglycemia also induces the 

expression of thrombospondin, a potent activator of TGF-beta. In turn, TGF-beta 

stimulates protein synthesis (hypertrophy) in numerous cell types, but prevents cell 

proliferation and division due to the stimulation of proteins (cyclin kinase inhibitors) 

that block progression through the cell cycle. TGF-beta is also expressed in glomeruli 

and the tubulointerstitium of both experimental and human DN. 

Microalbuminuria and proteinuria 

Early in the course of diabetes the GBM widens, and may reach three- to four-

fold normal thickness. Glycation of the GBM appears to make it less prone to 

degradation, and there is also some evidence for increased type IV collagen synthesis. 

Structurally, the increased GBM thickness is associated with a loss of heparan sulfate 

proteoglycans, the principal negatively charged constituents in the GBM that provide 

the charge barrier to prevent proteins from escaping into Bowman's space. There is 

loss of the overlying glomerular epithelial cell (podocyte), a cell type important in 

restricting protein permeability. A potential link between proteinuria and a family of 

newly described slit pore proteins including nephrin is also being studied. 

Mesangial expansion and nodule formation 

The hallmark of DN is mesangial expansion, eventually culminating in the 

development of the Kimmelstiel-Wilson nodule. The mesangial expansion is mediated 

by both direct effects of glucose and glucose induced advance glycation end products 

(AGEs). Effects may be mediated by the prosclerotic cytokine, TGF-beta, given its 

known propensity to stimulate mesangial matrix production. A direct effect of glucose 

to stimulate protein kinase C is also likely. 
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Tubulointerstitial fibrosis 

The potential mechanisms for the development of tubulointerstitial fibrosis 

include release of growth factors and cytokines from the glomerulus and direct or 

indirect effects of proteinuria. An important mechanism may relate to renal ischemia 

induced by the progressive hyalinosis of the afferent and efferent arteriole. 

Role of protein kinase C (PKC) 

A direct role for glucose in DN has been suggested by cell culture studies that 

have shown that glucose can induce cell hypertrophy, extracellular matrix synthesis & 

TGF-beta production in a variety of cell types. Many of the adverse effects of 

hyperglycemia are attributed to activation of PKC, a family of serine-threonine 

kinases that regulates diverse vascular functions, including contractility, blood flow, 

cellular proliferation,& vascular permeability. 

Effect of Advanced glycation end products (AGEs) 

Chronic hyperglycemia can lead to the nonenzymatic glycation of amino acids 

and proteins (Maillard or Browning reaction). Glucose nonenzymatically binds to 

amino residues to become glycated Schiff bases, with later 'rearrangement' to form a 

more stable but still reversible 'Amadori' products.
48 

Over time these products undergo 

rearrangement including 'cross linking to become irreversible advanced glycation end 

products (AGEs). Both circulating and tissue proteins as well as lipids and nucleic 

acids may be glycated. AGEs have been shown to be increased in the sera of diabetic 

patients with nephropathy and have also been localized to glomeruli by 

immunohistochemistry. AGEs bind to a variety of cell types, including the 

macrophage and mesangial cell. AGEs mediate a variety of cellular actions, including 

expression of adhesion molecules involved in mononuclear cell recruitment, cell 
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hypertrophy, extracellular matrix synthesis, epithelial to mesenchymal 

transdifferentiation of tubular cells, and the inhibition of nitric oxide synthesis 

Effect of sorbitol (polyol pathway) 

Hyperglycemia-induced generation of polyols has also been suggested to 

mediate some of the complications of diabetes. In tissues where glucose uptake is 

independent of insulin, such as in the lens, retina and kidney, chronic hyperglycemia 

results in increased tissue levels of glucose. The excess glucose is subsequently 

reduced to sorbitol by the reduced nicotinamide adenine dinucleotide phosphate 

(NADPH)-dependent enzyme aldose reductase, the first enzyme in the polyol 

pathway. Accumulation of sorbitol is accompanied by an increase in intracellular 

osmolality, a depletion of free myoinositol, loss of Na+ K+ ATPase activity, and 

increased consumption of the enzyme cofactors NADPH and NAD+, leading to 

changes in cellular redox potential. The role of polyols in diabetic complications has 

been assessed primarily by studies using aldose reductase inhibitors, such as sorbinil, 

tolrestat and ponalrestat. Aldose reductase inhibitors also blunt hyperfiltration and 

have a mild effect on reducing albuminuria in both experimental and human diabetes. 

DIABETES AN INFLAMMATORY CONDITION 
74

 

Although diabetic nephropathy is traditionally considered a non-immune 

disease, accumulating evidence now indicates that Chronic low grade inflammation 

&activation of innate immunity are involved in pathogenesis of type2 DM. Studies in 

nondiabetic patients ,with impaired glucose tolerance or impaired fasting glucose & 

diabetic patients have shown that inflammatory & pro-inflammatory markers such as 

CRP, sialic acid, tumor necrosis factor-alpha,interleukin-6 are positively correlated 

with measures of insulin resistance ,further more diabetic patients had high levels of 
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inflammatory parameters compared to non-diabetics. More over various 

inflammatorymarkers, adhesion molecules& proinflammmatory molecules may be 

critical in development of microvascular diabetic complications including 

nephropathy. Additional evidence is derived from the fact that agents with anti-

inflammatory activity are able to reduce the acute phase response & may reduce the 

risk of developing type 2 diabetics. 

Immunologic and inflammatory mechanisms play a significant role in 

development and progression of diabetic nephropathy.
75, 76

 Therefore, diverse cells, 

including leukocytes, monocytes, and macrophages,
77,78,79

 as well as other molecules, 

such as chemokines (monocyte chemoattractant protein-1),
80,81

 adhesion molecules 

(intercellular adhesion molecule-1 (ICAM-1),
82,83

 enzymes (cyclooxygenase-2, nitric 

oxide synthase),
84-87

 growth factors (vascular endothelial growth factor, growth 

hormone, IGF, TGF-β),
88-91 

and nuclear factors (NF- B),
92,83

 are implicated in 

processes related to diabetic nephropathy. Less is known, however, about the role of 

inflammatory cytokines in diabetic renal injury. 

A number of experimental and clinical studies have demonstrated that DN 

exhibits signs of inflammation. Three very recent papers illustrate the idea that 

inflammation plays a significant role in the pathogenesis of DN. Dalla Vestra and 

colleagues
79 

showed that patients with type 2 diabetes and overt nephropathy exhibit 

the highest levels of diverse acute-phase markers of inflammation, including C-

reactive protein (CRP), serum amyloid A (SAA), fibrinogen and IL-6. Furthermore, 

levels of CRP, SAA and IL-6 were higher in subjects with increased glomerular 

basement membrane (GBM) width. More important, the authors demonstrated the 

association between GBM thickening, a crucial lesion of diabetic glomerulopathy, 

andacute phase markers (fibrinogen and IL-6). In addition, two experimental studies 
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provide insights into the way in which renal damage in diabetes is linked to 

inflammation. Chow et al.
66

 showed that db/db mice, a model of type 2 diabetes and 

DN, exhibited an increased expression of intracellular adhesion molecule-1 (ICAM-

1), which promotes inflammation by increasing leukocyte infiltration and adherence, 

in glomeruli and tubules, along with a marked increase in macrophage infiltration. 

These findings strongly involve ICAM-1-induced inflammation in the development of 

renal injury in diabetes. In the second study, Kelly et al.
81

 demonstrated in a model of 

diabetes and hypertension that, despite hyperglycemia and elevated blood pressure, 

albuminuria was reduced and renal function was preserved in rats treated with 

ruboxistaurin, an inhibitor of protein-kinase C-ß. Protein-kinase C has various 

isoforms, which are activated in diabetes and signal a number of cellular responses, 

including activation and expression of inflammatory mediators, such as pro-

inflammatory cytokines. 

Cytokines 

Over the last 2 decades, an ample amount of scientific evidence has been 

generated and testifies to the role of cytokines in diabetic nephropathy,
93-99 

specifically stimulated by this cytokine. Activation of cytokines, profibrotic elements, 

inflammation, and vascular growth factors (vascular endothelial growth factor, 

VEGF) may be involved in the matrix accumulation in diabetic nephropathy.
100

 

Hyperglycemia stimulates increased VEGF expression (a mediator of endothelial 

injury in human diabetes).
101

 A potentially pathogenic role for VEGF in diabetic 

nephropathy is supported by the observation that VEGF blockade improves 

albuminuria in an experimental model of diabetic nephropathy.
102
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Specifically, hemodynamically- induced activation of transforming growth 

factor β-1 (TGFβ-1) appears to play a major role in mesangial expansion;
103-105

 in 

concert with the induction of ECM production.
104,106-111

 Several biochemical 

mechanisms have been identified to explain the adverse effects of  hyperglycemia on 

the kidney, including protein kinase C (PKC), the (mitogen activate protein) MAP 

kinase pathway, in addition to activation of the polyol pathway, increased 

accumulation of advanced glycation products, and oxidative stress.
112-118

 Despite the 

strides that we have made in understanding the factors that contribute to the evolution 

and the progression of diabetic kidney disease, this growing knowledge has yet to 

culminate in new therapeutic approaches. This is partially due to the extreme 

complexity of the underlying process. But also, some potent mediators of diabetic 

kidney disease are not viable or safe therapeutic targets. For example, as enticing as it 

has been to target TGFβ-1 for the treatment of diabetic nephropathy, TGFβ-1 carries 

out multiple vital biologic functions.
119-120

 Importantly, it is a primary regulator of the 

immune system
121-122

 and mice with targeted disruption of TGFβ-1 gene die within 

weeks of birth due to a generalized wasting syndrome characterized by multifocal 

mixed inflammatory cellular response and tissue necrosis.
123

 This explains the 

apprehension towards inhibiting TGFβ-1 in humans and illustrates the need for other 

potentially modifiable factors in DN. One such factor that has made it onto the scene 

in recent years is uric acid.   
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URIC ACID (UA)- 

UA Chemistry: 

UA is a weak acid with 2 dissociation constants. Two factors contribute to UA 

solubility: UA concentration and solution ph. However, the solubility of UA in urine 

is primarily determined by the urinary ph. The first pKa of UA is at a pH of 5.5, 

resulting in the loss of 1 proton from UA and the formation of anionic urate 

(Finlayson, 1974). The second pKa is 10.3, which has no physiological significance in 

humans. The supersaturation of urine with UA occurs when urinary pH is less than 

5.5. In contrast, at a pH of more than 6.5 the majority of UA is in the form of anionic 

urate. The solubility of urate salts is affected by the relative concentrations of cations 

present in the urine. Increased urinary sodium concentrations promote formation of 

the monosodium urate complex, which is more soluble than undissociated UA. Urine 

is frequently supersaturated with sodium urate but stones of this type are infrequent. 

However, supersaturation with sodium urate may contribute to calcium oxalate stone 

formation via heterogeneous nucleation.
124

 

URIC ACID METABOLISM 
124

 

UA is the end-product of purine nucleotide metabolism in humans. In contrast 

to many lower vertebrates, human lack UA oxidase (uricase), an enzyme which 

further catalyses UA to allantoin, more soluble end product (Sautin & Johnson, 2008). 

Humans have higher serum UA levels when compared to other mammals due to the 

lack of uricase (Johnson etal, 2003). UA is primarily excreted via urine. The balance 

between dietary intake, endogenous metabolism of purines and the urinary excretion 

rate of UA determines plasma UA levels (Kutzing & Firestein, 2008). 
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Almost all serum UA is present in the ionized form, monosodium urate, and 

only about 5% of urate is protein bound at physiological pH. The definition of 

hyperuricemia is currently arbitrary and varies from >6 mg/dl (360µmol/l) in women 

and >7 mg/dl (416µmol/l) in men, to ≥6.5 mg/dl (387µmol/l), or to >8.3 mg/dl (494 

µmol/l), regardless of gender. UA levels physiologically and gradually rise during the 

human lifetime; in female individuals, UA levels additionally rise after menopause 

(Hak et al., 2008) 

UA Pool: 

UA may be derived by endogenous or exogenous routes. Uric acid (Urate) is 

synthesized in the liver from purine compounds provided by the diet or by the 

endogenous pathway of purine synthesis de novo. Some uric acid is also produced in 

peripheral tissues, especially the intestine and kidney. The endogenous production of 

UA from purine synthesis, and tissue catabolism under normal circumstances, is 

relatively constant at 300 to 400mg per day. However, the exogenous pool varies 

significantly with diet. A diet rich in animal protein contributes significantly to the 

purine pool and subsequent UA formation by a series of enzymatic reaction involving 

xanthine oxidase as the final step. 



 

Fig.2. Schematic representation of the metabolism of Uric Acid

Uric acid that is produced in the liver is released into the circulation in its 
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Fig.2. Schematic representation of the metabolism of Uric Acid

Uric acid that is produced in the liver is released into the circulation in its 

soluble form (monosodium urate), which is readily filtered by the glomerulus

Renal excretion is the primary mode of UA clearance, accounting for two

of its elimination. Intestine, skin, hair and nails account for the remaining one

excretion. In the intestine bacteria catabolise UA into carbon dioxide and 

are then eliminated as intestinal air or absorbed and excreted in the 

Urate is filtered completely at the renal glomerulus. The proximal tubular cells 

of the kidney reabsorb most of the uric acid resulting in a normal fractional 

 

Fig.2. Schematic representation of the metabolism of Uric Acid 
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of approximately 10%.
125

 However, the normal fractional excretion of UA is only 8% 

to 12%. Therefore, postglomerular reabsorption and secretion are the ultimate factors 

regulating the amount of UA excretion (Gutman et al., 1968; Steele et al., 1973). The 

proximal tubule is the site of UA reabsorption and secretion. Almost complete 

reabsorption of urate occurs at the S1 segment of the proximal tubule. However, in the 

S2 segment of the proximal tubule urate is secreted at a range greater than 

reabsorption via transporters URAT1, OAT1, -2, and -3, -4, and -10, the multi-drug 

resistance proteins ABCC4 and ABCG2, and the glucose transporters GLUT 9a and b, 

and others. Finally, post-secretory resorption occurs at a more distal site of the 

proximal tubule. Approximately 10% of the filtered urate appears in the urine 

(Shekarriz et al. 2002). 

Uric acid accumulation beyond its solubility point (6.8 mg/dl) in water defines 

hyperuricemia. In general, hyperuricemia develops due to uric acid overproduction, 

undersecretion, or both.
125

 It is widely accepted that when uric acid levels are 

chronically elevated beyond their physiological levels, uric acid deposits in the joints 

and soft tissues leading to inflammatory arthritis and tophi (gout). Lowering uric acid 

levels is the key to preventing recurrent acute gout attacks.
126

 Serum uric acid levels 

have also increased in Western populations where they have been found to predict the 

development of insulin resistance and diabetes.
127-128

 The potential causal relationship 

between uric acid and other conditions such as chronic kidney disease, however, 

remains controversial. 

Some authors indicate that uric acid is a potent antioxidant, and in a few 

studies when uric acid was administered acutely it appeared to improve endothelial 

function.
129-131

 Other experimental evidence however suggests that uric acid may 

induce oxidative stress once it enters cells, and as such it may be a mediator of 
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disease.
132

 Consistent with this latter observation, data demonstrates that even mild 

hyperuricemia, induced by the administration of an uricase inhibitor, causes 

endothelial dysfunction
133

 that resolves once uric acid levels are lowered. These 

findings when viewed in light of the importance of endothelial dysfunction in the 

progression of DN hypothesize that uric acid plays a role in diabetic induced kidney 

disease. 

Potential Mechanisms by which Uric Acid could Mediate DN- 

Uric acid has several reported effects by which, it may cause DN illustrated in 

following figure. 3 , including endothelial dysfunction, increased activity of the 

RAAS, and induction of inflammatory cascades, in addition to profibrotic cytokine 

activation all of which have been demonstrated to contribute to progression of 

microvascular disease and thereby renal injury in DN. 

 

Figure 3: Mechanism by which uric acid may cause DN. 
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The effects of uric acid on the endothelium are subject of a contentious debate. 

On the one hand, uric acid has been shown to decrease nitric oxide (NO) production 

by endothelial cells in vitro 
132

 and it does so in association with increased CRP 

expression.
134

 Uric acid can also react with NO irreversibly leading to the formation 

of 6-aminouracil and may thus lead to NO depletion.
135

 Furthermore, hyperuricemic 

rats develop endothelial dysfunction (as noted by reduced urinary nitrites), and if 

given early, L-arginine supplementation can prevent both the systemic and glomerular 

hypertension in experimental hyperuricemia.
136, 137

 These data by our group and 

others suggest that uric acid leads to endothelial dysfunction. On the other hand 

however, some studies suggest that oxidative stress due to increased xanthine oxidase 

activity rather than uric acid is the major factor contributing to endothelial 

dysfunction. An example of such findings can be found in 2 double- blind placebo- 

controlled studies by George et al.
138

 In this study, it remains unclear if the favourable 

outcomes noted with allopurinol treatment are secondary to xanthine oxidase 

inhibition, lowering uric acid, or perhaps both. 

In the kidney, experimental hyperuricemia causes an afferent renal 

arteriolopathy and tubulointerstitial fibrosis. This effect is largely mediated by 

activating the RAAS, as the renal injury was reversed with angiotensin converting 

enzyme inhibitors or angiotensin II receptor blockers but not with thiazide therapy 

despite all treatments lowering blood pressure.
139

 In this study, uric acid was shown to 

induce vascular smooth muscle proliferation in vitro as well, and similar to the 

findings in the animal kidneys, the effects of uric acid on vascular smooth muscles 

was reversible with the use of losartan. In addition to a direct role for uric acid in the 

vasculature, such data suggest uric acid effects are mediated at least partially by 

activation of the RAAS. 
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On the inflammatory front, uric acid induces the interstitial inflammation and 

the local expression of chemokines such as MCP-1 in the kidney,
140, 141

 as well as 

COX-2 in the blood vessels.
141

 A direct role for uric acid in inducing inflammation is 

further supported by the findings that when infused into mice, uric acid increases 

cytokine production (TNF-α).
142

 In humans with CKD, withdrawal of uric acid 

lowering therapy has been reported to increase urinary TGFβ-1 suggesting that 

hyperuricemia may contribute to the fibrotic process in patients with kidney 

disease.
143

 In addition to stimulating TGF β-1 production, hyperuricemia may activate 

its downstream targets. Although the transcriptional effects of TGFβ-1 are generally 

mediated by a group of proteins; the Smads, 
144

 the expression of certain TGFβ-1-

induced genes is mediated via the mitogen activate protein (MAP) kinase pathway.
145

 

This pathway has also been reported to mediate uric acid effects in cell 

culture.
146

 Although the results of these studies need confirmation, such findings raise 

the possibility that treatment of hyperuricemia may provide a safe venue for 

alleviating cytokine- mediated kidney disease progression. 

Uric Acid in Animal Models of Diabetic Nephropathy 

Despite the wealth of evidence linking uric acid to inflammation and 

endothelial dysfunction, animal studies evaluating the role of uric acid in DN are 

sparse. This is interesting considering the critical role that endothelial dysfunction is 

known to play in diabetic kidney disease.
147

 Kosugi et al. explored the involvement of 

uric acid in DN in a recent study.
10 

In this study, allopurinol at the dose used (30 

mg/kg/day) did not reduce oxidative stress in the kidney, but rather it reduced 

intercellular adhesion molecule 1 (ICAM-1) expression by the tubular epithelial cells. 

In vitro, uric acid directly induced ICAM expression in proximal tubular cells. The 

findings of this study strongly suggest uric acid is a mediator of inflammation and 
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tubular injury in DN and that therapies aimed at lowering uric acid levels may be of 

benefit in human disease. 

Other groups have also reported findings consistent with our results including 

evidence that uric acid inhibits proximal tubular cellular proliferation in vitro.
148 

This 

inhibitory effect of uric acid appears to be mediated by signaling pathways ultimately 

affecting cytoplasmic phospholipase A2 and the inflammatory transcription factor 

nuclear factor κ B (NF-κB). 

Uric Acid as a Predictor of Human Disease 

Understanding the relationship between uric acid and kidney disease in 

humans has been complicated by the fact that uric acid levels are elevated in patients 

with chronic kidney disease (CKD) due to a variety of factors including reduced GFR 

and diuretics use in patients with CKD.
149

 Even early decline in renal function is 

associated with an increase in serum uric acid levels
150 

creating a major confounder in 

the interpretation of many observational studies. Another major limitation of 

observational studies lies with uric acid being a product of xanthine oxidase activity. 

Xanthine oxidase, in addition to generating uric acid, generates reactive oxidative 

species. Uric acid in such instances may be a marker of oxidative stress. Further 

complicating the debate, although many studies have shown increased uric acid levels 

are predictive of incident CKD and of CKD progression, 
33, 151, 153-155

 some studies 

have not.
156-158

 

Notwithstanding the limitations of observational studies, several have 

examined uric acid as a risk factor for D. N. Hovind et al
159

at the Steno Diabetes 

Center explored the association between uric acid levels and micro- and macro- 

albuminuria in patients with type 1 DM. 
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MATERIALS AND METHODS 

 

 SOURCE OF DATA: 

A cross sectional study is conducted on type 2 diabetic patients attending the 

outpatient department and being admitted to B.L.D.E.U’s Shri. B. M. Patil Medical 

College, Hospital and Research Centre, Vijayapura, from December 2013 to July 

2015. 

SAMPLE SIZE:  

With the prevalence rate of overt nephropathy in Diabetes Mellitus 2.2%
160

 at 

99% confidence interval and at ± 5 margin of error the sample size is 56. 

 

    N = (2.56)
2
 *P*Q / d

2 

 Hence 56 cases of type 2 Diabetes Mellitus are included in the study to 

associate serum uric acid level with albuminuria. 

 

STATISTICAL ANALYSIS: 

Data is analyzed using 

� Diagrammatic Presentation. 

� Mean ± SD. 

� Correlation Coefficient. 

� Linear and multiple regression analysis. 
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METHOD OF COLLECTION OF DATA  

A detailed history, physical examination including Blood pressure, BMI, 

current medications, insulin doses, habits like tobacco and alcohol consumption and 

family medical history is obtained from all the patients coming to the hospital with 

type 2 diabetes mellitus. 

The biochemical investigations like examination of urine, serum uric acid, 

serum creatinine, HbA1C is estimated and Urine albumin and urine creatinine are 

measured. 

INCLUSION CRITERIA: 

Patients with known case of type 2 diabetes mellitus 

EXCLUSION CRITERIA: 

1. Treatment with uric acid lowering agents. 

2. Treatment with diuretics. 

3. History of gout. 

4. Acute febrile illness 

5. Urinary tract infection 

6. Chronic Myeloid Leukemia 

7. Cancer 

METHOD OF TEST 

Sample collection 

Oral and written consent is taken from the subjects prior to the collection of 

specimens. Venous blood is collected from each subject and transported to the 

laboratory. Random spot urine sample is collected at the same time. 
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BIOCHEMICAL ANALYSIS: 

ESTIMATION OF ALBUMINURIA: 

Urine Albumin concentration (UAC) is measured by turbidimetric 

immunoassay and is expressed as urine albumin creatinine ratio (ACR).Urinary ACR 

is calculated by dividing UAC in micrograms by urinary creatinine concentration in 

milligrams. 

1. ACR =30.0 µg/mg or lower is considered as “normal,”  

2. ACR between 30µg/mg and 299µg/mg is considered as “microalbuminuria”. 

3. Very high ratio (ACR ≥  300 µg/mg) is defined as “overt albuminuria.” 

ESTIMATION OF SERUM URIC ACID: 

Serum uric acid level is measured by uricase peroxidase method (Liqui 

CHEK, AGAPPE). Enzymatic determination is done according to following reaction. 

Uric acid + 2H2O + O2          
uricase         

   Allontoine + CO2 + H2O2 

2 H2O2 + 4-Aminoantipyrine + EHSPT        
peroxidase         

      Red quinone. 

EHSPT=N-Ethyl N-(2-Hydroxy-3-Sulfoproyl) n-Toluidine. 
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INVESTIGATIONS  

All the subjects are subjected to the following investigations 

1. Urine Examination 

2. Serum Creatinine 

3. Serum Uric Acid 

4. HbA1C 

5. Urine Albumin 

6. Urine Creatinine 

7. Random Blood Sugar (RBS) Level 

8. Fasting Blood Sugar (FBS) Level 

9. Post Prandial Blood Sugar (PPBS) Level 

10.  HIV Rapid Test 
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OBSERVATIONS AND RESULTS 

 

Clinical characteristics of 56 patients with type2 DM enrolled in this study are 

shown in Table 2. 

Table 2: Characteristics of the study population 

Sr. 

No. 

Parameters Value 

(Mean±SD) 

1 Age(years) 56.61±12.11 

2 Gender    I. Male 

              II. Female 

29 (52%) 

27 (48%) 

3 BMI(kg/m
2
) 23.82±3.43 

4 SBP(mmHg) 137.86±14.36 

5 DBP(mmHg) 81.39±6.86 

6 Duration of duration(years) 6.63±4.03 

7 SUA(mg/dl) 5.11±1.70 

8 Sr. Creatinine (mg/dl) 1.05±0.40 

9 HbA1C (%) 7.30±2.34 

10 ACR(µg/mg) 96.05±91.56 

 

Out of 56 patients, males and females were 29(52%) and 27(48%), 

respectively. The mean age of the patients included in this study was 

56.61±12.11years and mean duration of diabetes of the patients was 6.63±4.03years. 

The mean body mass index of study population was 23.82±3.43kg/m
2
, while the mean 

serum uric acid concentration observed in study population was 5.11±1.70 mg/dl. 



 

Table 3: Age distribution of study population

 

Age(in years)

<40 

41-50

51-60

61-70

>70 

 

 

Graph 1: Age distribution of patients

 

 

As shown in diagram No.1, majority of the patients were in age group of 41

50 years (N = 18) (32%) which included 

females. 

 

 

 

39 

: Age distribution of study population 

Age(in years) Male(N) Female(N) Total

 (0)0% (4)15% 

50 (8)28% (10)37% (18)

60 (10)34% (5)19% (15)

70 (6)21% (5)22% (11)

 (5)17% (3)7% (8)

distribution of patients 

shown in diagram No.1, majority of the patients were in age group of 41

(32%) which included (N = 8) 28% males and 

Total(N) 

(4)7% 

(18)32% 

(15)27% 

(11)21% 

(8)13% 

 

shown in diagram No.1, majority of the patients were in age group of 41-

28% males and (N = 10) 37% 



 

 

Table 4: Duration of Diabetes Mellitus in study population

 

Duration of 

DM 

<5 years

5-10 years

>10 years

Total

 

Graph 2: Duration of diabetes in study population

 

 

Majority (46%) of patients of study population had diabetes of duration 

between 5-10 years of age.
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Duration of Diabetes Mellitus in study population 

Duration of 

 
N % 

<5 years 23 41% 

10 years 26 46% 

>10 years 7 13% 

Total 56 100% 

: Duration of diabetes in study population 

Majority (46%) of patients of study population had diabetes of duration 

10 years of age. 

 

Majority (46%) of patients of study population had diabetes of duration 



 

41 

Table 5: Comparative levels of serum uric acid in mg/dl, in males and females 

 

Gender N 
Mean 

(mg/dl) 
SD 

SE of 

Mean 

Mean 

Difference 
T 

P-

Value 

Male 29 5.12 1.50 0.28 

0.035 0.077 0.939 

Female 27 5.09 1.92 0.37 

 

The mean uric acid concentration was 5.11±1.70 mg/dl, which was higher in 

men than in women (5.12 ± 1.50 mg/dl versus 5.09 ±1.92 mg/dl, respectively) But 

there was no statistically significant difference in serum uric acid concentration 

between males and females (P=0.939). 

 

Table 6: Grades of albuminuria 

 

ACR N % 

Mean 

ACR 

SD 

Normoalbuminuria 15 26.79% 17.54 5.53 

Microalbuminuria 36 64.29% 96.53 52.43 

Macroalbuminuria 5 8.93% 327.43 32.68 

Total 56 100% 96.05 91.56 

 

The mean value of Normoalbuminuria, Microalbuminuria and 

Macroalbuminuria in the enrolled patients was 17.54 ± 5.53, 96.53±52.4 and 

327.43±32.6, respectively.  



 

Graph 3: Grades of albuminuria

 

Out of 56 patients 36(64.29%) patients were showing 

While 15(26.79%) patients had normoalbuminuria and only 5(8.93%) patients had 

macroalbuminuria. 
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: Grades of albuminuria 

 

Out of 56 patients 36(64.29%) patients were showing 

While 15(26.79%) patients had normoalbuminuria and only 5(8.93%) patients had 

 

Out of 56 patients 36(64.29%) patients were showing Microalbuminuria. 

While 15(26.79%) patients had normoalbuminuria and only 5(8.93%) patients had 



 

43 

Table 7: All parameters compared with ACR classification 

 

Parameter Normoalbuminuria Microalbuminuria Macroalbuminuria 

Age 54.53±12.96 56.69±12.10 62.20±9.63 

Male 10 (67%) 16 (44%) 3 (60%) 

Female 5 (33%) 20 (55%) 2 (40%) 

BMI 23.41±2.46 24.17±3.84 22.60±2.81 

HTN 0 (0%) 9 (25%) 4 (80%) 

SBP 133.87±10.89 137.28±13.32 154.00±21.91 

DBP 80.27±5.60 80.94±6.82 88.00±8.37 

HbA1C 5.81±1.50 7.76±2.37 8.40±2.60 

Duration of 

DM 
4.93±2.55 6.44±3.67 13.00±4.70 

Serum 

Creatinine 
0.95±0.41 1.06±0.36 1.30±0.58 

SUA 4.09±1.36 5.21±1.60 7.38±0.87 

 

As showed in above table, in this study it is found that, 9 (25%) of 

microalbuminuric and 4 (80%) of macroalbuminuric patients were having 

hypertension. 

The mean HbA1C was more in macroalbuminuric patients (8.40±2.60) than in 

microalbuminuric patients (7.76±2.37), while in patients with normoalbuminuria, it 

was found to be 5.81±1.50. 

When albuminuria is categorized in two categories of normoalbuminuria and 

abnormal albuminuria (microalbuminuria + macroalbuminuria), clinical and blood 

parameters of the patients showed following results, as shown in table No.8 
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Table 8: Parameters compared with normoalbuminuria and abnormal 

albuminuria: 

 

Parameter 

 

Normoalbuminuria 

(mean±SD) 

 

Abnormal 

albuminuria 

(mean±SD) 

Age 54.53±12.96 57.37±11.86 

Male 10 (67%) 19 (46%) 

Female 5 (33%) 22 (54%) 

BMI 23.41±2.46 23.98±3.73 

HTN 0 (0%) 13 (32%) 

SBP 133.87±10.89 139.32±15.29 

DBP 80.27±5.60 81.80±7.29 

HbA1C 5.81±1.50 7.84±2.37 

Duration of DM 4.93±2.55 7.24±4.31 

Serum 

Creatinine 
0.95±0.41 1.09±0.39 

SUA 4.09±1.6 5.48±1.68 

 

It is found that, BMI was 23.41±2.46 in normoalbuminuria and it was 

23.98±3.73 in abnormal albuminuria, without significant difference between two 

groups. 

 



 

Graph 4: Mean Serum uric acid (

 

 

It is found that, concentration of serum uric was 4.09±1.36, 

7.38±0.87 in patients with normoalbuminuria, microalbuminuria and 

macroalbuminuria, respectively. While considering normoalbuminuria and abnormal 

albuminuria, serum uric acid concen
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Graph 4: Mean Serum uric acid (mg/dl) in ACR categories

It is found that, concentration of serum uric was 4.09±1.36, 

in patients with normoalbuminuria, microalbuminuria and 

macroalbuminuria, respectively. While considering normoalbuminuria and abnormal 

albuminuria, serum uric acid concentration was 4.09±1.6 and 5.48±1.68

in ACR categories 

 

It is found that, concentration of serum uric was 4.09±1.36, 5.21±1.60 and 

in patients with normoalbuminuria, microalbuminuria and 

macroalbuminuria, respectively. While considering normoalbuminuria and abnormal 

5.48±1.68, respectively. 
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Table 9: Correlation between Albuminuria (ACR) and other parameters 

 

Sl. No. Parameters Correlation 

coefficient ‘r’ 

   ‘p’ value 

1 Age 0.214 0.113 

2 BMI -0.001 0.994 

3 SBP 0.431 0.001* 

4 DBP 0.254 0.059 

5 Duration of Diabetes (years) 0.526 <0.001* 

6 Serum Uric Acid  0.559 <0.001* 

7 Serum Creatinine 0.310 0.020* 

8 HbA1C 0.429 0.001* 

* denotes significant correlation 

 

It was found that, there was statistically significant and positive correlation 

between serum uric acid concentration and albumin creatinine ratio (r = 0.559, p < 

0.001) in the enrolled type 2 diabetic patients. 

Duration of diabetes was also positively correlated with albumin creatinine 

ratio. It was also statistically significant (r = 0.526, P < 0.001). 

Also, it was found positive and statistically significant correlation between 

HbA1C and albumin creatinine ratio (r = 0.429, p = 0.001). 
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The correlation between BMI and ACR was found to be almost nil (r = -0.001) 

and was not statistically significant (P>0.05), while SBP showed statistically 

significant correlation with albumin creatinine ratio (p = 0.001) 

 

Graph 5: Scatter Plot (correlation graph) showing relation between ACR and 

blood parameters 
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Table 10: Correlation between SUA and other parameters 

Sl. No. Parameters   Correlation 

Coefficient ‘r’ 

   ‘p’ value 

1 
Age 0.322 0.015* 

2 
BMI 0.088 0.519 

3 
SBP 0.412 0.002* 

4 
DBP 0.253 0.060 

5 
Duration of DM (years) 0.362 0.006* 

6 Serum Creatinine 
0.483 <0.001* 

7 HbA1C 
0.347 0.009* 

8 ACR 0.559 <0.001* 

* denotes significant correlation 

 

Apart from ACR, Serum Uric Acid also showed statistically significant and 

positive correlation with Systolic blood pressure (r = 0.412, p = 0.002) 

Also, HbA1C (r = 0.347, p = 0.009) and Serum Creatinine (r = 0.483, p < 

0.001) were correlated positively with Serum Uric Acid  

In this study, Serum Uric Acid was not found to be significantly correlated 

with BMI. (p = 0.519). 
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Table 11: Simple Linear Regression-Predicting ACR using significantly 

correlated variables individually 

 

Parameter β R
2
 P-Value 

95% CI for β 

Lower 

Bound 

Upper 

Bound 

SBP 2.75 0.186 0.001* 1.18 4.32 

Duration of DM 

(years) 
11.93 0.276 <0.001* 6.67 17.20 

SUA 30.04 0.312 <0.001* 17.88 42.20 

Serum Creatinine 71.80 0.096 0.020* 11.82 131.78 

HbA1C 16.77 0.184 0.001* 7.14 26.41 

*denotes a significant factor: 

 

Only those parameters which were found to be significantly correlated with 

ACR are used in regression. By linear regression, variations in ACR are estimated 

using different parameters individually.  

The value of β (Regression coefficient) for Serum uric acid is 30.04. This 

means 1mg/dl change in Serum uric acid cause 30.04 µg/mg variation in albumin 

creatinine ratio. The β value for HbA1C is 16.77, which means 1% change in HbA1C 

cause 16.77 µg/mg variation in albumin creatinine ratio. 

Considering the R
2 

(coefficient of determination) value, serum uric acid is 

found to be a significant factor which could predict only 31.2% (R
2 

= 0.312) variation 

in albumin creatinine ratio. 



 

Similarly, Duration of DM 

which could predict only 27.6% (R

albumin creatinine ratio.

 

Graph 6
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Duration of DM and HbA1C were found to be significant factors 

which could predict only 27.6% (R
2
 = 0.276) and 18.4% (R

2
 = 0.184) of 

albumin creatinine ratio. 

Graph 6: Scattered plot of predicting ACR using SUA:

and HbA1C were found to be significant factors 

= 0.184) of variations in 

ot of predicting ACR using SUA: 
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Table 12: Multiple Linear Regression- Predicting ACR using significantly 

correlated variables collectively:  

Parameter β 
SE of 

β 

P-

Value 

R
2
(Adj) 

0.472 

95% CI for β 

Lower 

Bound 

Upper 

Bound 

SBP 1.08 0.70 0.129 -0.33 2.48 

Duration of DM 

(years) 
8.15 2.40 0.001* 3.32 12.98 

SUA 14.60 6.84 0.038* 0.86 28.34 

Serum Creatinine 1.41 26.10 0.957 -51.02 53.83 

HbA1C 9.51 4.16 0.026* 1.16 17.87 

*denotes a significant factor 

With the simple (univariate) linear regression analysis, R
2
 value was 

unadjusted. Multiple linear regression analysis was done, with adjusted R
2
 value to 

nullify the confounding effect of other variables. Thus the independent effect of 

different variables on albumin creatinine ration was found. 

By multiple regression, considering all variables together, they predict 47.2% 

(R
2
 = 0.472) variation in albumin creatinine ratio. 

The value of β for serum uric acid was 14.60, which suggest that 1mg/dl 

change in serum uric acid cause 14.60 µg/mg variation in albumin creatinine ratio.  

Thus, it showed that serum uric acid was an independent predictor of albumin 

creatinine ratio, after using adjusted R
2 

value. 
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DISCUSSION 

 

A cross sectional study was done in 56 type 2 diabetic patients attending the 

outpatient department and being admitted to B.L.D.E.U’s Shri. B. M. Patil Medical 

College, Hospital and Research Centre, Vijayapura, from December 2013 to July 

2015. And the relationship between serum uric acid concentration and degree of 

urinary albumin excretion in type 2 diabetic patients was evaluated. 

In this study, a positive correlation was found between serum uric acid and 

albumin creatinine ratio. In the study conducted by Fukui et al., positive correlation of 

serum uric acid and urinary albumin excretion in 343 men with type 2 diabetes 

mellitus was shown.
18

 They concluded that serum uric acid concentration is associated 

with microalbuminuria and subclinical atherosclerosis in men with type 2 diabetes 

mellitus.  

Similarly, Fu et al, in a study on Chinese diabetic patients, found that 

hyperuricemia was significantly associated with abnormal albuminuria in patients 

without diuretics or use of uricosuric agents or alcohol. They concluded that 

hyperuricemia was significantly related to the presence of albuminuria in patients 

with diabetes.
152

 

Siu and colleagues reported lowering serum uric acid level in patients with 

hyperuricemia was associated with regression of kidney disease.
16

 Since appearance 

of albuminuria is the first sign of kidney damage and onset of diabetic nephropathy in 

patients with DM,
40

 the association between ACR and hyperuricemia confirmed the 

effect of hyperuricemia on diabetic nephropathy.  
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The results also showed that when these patients were divided into 

normoalbuminuria and abnormal albuminuria groups, diabetic duration, SBP, serum 

creatinine and SUA higher in abnormal albuminuria group as compared to 

normoalbuminuria group 

In this study, it was found that, duration of diabetes and systolic blood 

pressure was significantly associated with albumin creatinine ratio. Mogensen
165 

had 

concluded that age, diabetes duration, glycemic control, blood pressure, and metabolic 

syndrome were all associated with albuminuria and decline of GFR. 

Bo and coworkers reported that hyperuricemia is associated with insulin 

resistance and onset or progression of nephropathy in type 2 diabetic patients.
40 

Metabolic syndrome components include hypertension, hypertriglyceridemia, 

hyperinsulinemia, insulin resistance and obesity.
18, 161

 In this study, Serum Uric Acid 

was significantly correlated with HbA1c. Also, a positive association was found 

between Serum Uric Acid and Systolic blood pressure. A study by Johnson and 

colleagues reported hyperuricemia to be a risk factor for hypertension.
149

 

But, in this study, Serum Uric Acid and BMI were not significantly correlated. 

Similar results were found in a study by Bonakdaran et al
17

 in which, in spite of 

significant relationship between Hyperuricemia and Metabolic Syndrome, such link 

was not found between Serum Uric Acid concentration and BMI. Lohsoonthorn and 

colleagues found different results showing positive correlation between BMI, 

metabolic syndrome, and serum uric acid.
162
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In this study, serum uric acid was found to be an independent predictor of 

albumin creatinine ratio, after multiple linear regression analysis. Similarly, in a study 

conducted by Obermayr et al., serum uric acid was found to be a predictor of new 

onset kidney disease, independent of other risk factors.
33

 

Studies in rats showed that the renal changes can be prevented by maintaining 

SUA levels in the normal range by allopurinol, 
163, 164

 but only partially prevented by 

the treatment of hypertension with enalapril or lorsartan, 
164, 136, 139

 These observations 

suggested that a pathogenic role of uric acid in the renal abnormalities independent of 

blood pressure and imply a possible efficacy to lower urinary albumin-to-creatinine 

ratio in diabetic patients by bringing down the uric acid levels. 

A recent human study did prove that allopurinol treatment could normalize 

endothelial dysfunction in type 2diabetic patients with mild hypertension. 
166 

Theoretically, it is also possible that both elevated uric acid and urinary albumin 

excretion rate are manifestations of a common underlying pathogenesis of insulin 

resistance. In humans, uric acid is the final breakdown product of adenosine, which 

plays an important role in the pathophysiology of insulin resistance.
167

 Adenosine can 

also cause increased renal uric acid retention.
167

 Moreover, hyperinsulinemia resulting 

from insulin resistance can decrease the renal excretion, increase the renal 

reabsorption, and increase the production of uric acid.
168

 On the other hand, 

microalbuminuria is also an integral component of the metabolic syndrome 

characterized by insulin resistance.
169

 

In clinical practice today, serum uric acid should be taken into consideration 

as a risk factor for abnormal albuminuria, in type 2 diabetic patients. This study 

suggested the importance of uric acid as a predictor of albuminuria in type 2 diabetic 
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patients. The pathogenic role of serum uric acid in renal injury and in increasing 

urinary albumin excretion rate is worthy of further investigation. 

This study had some limitations. The sample size was small. The validity to 

extrapolate the relationship between uric acid and urinary albumin excretion rate to 

nondiabetic subjects requires confirmation. As this was a cross sectional study, further 

prospective studies should be made to evaluate the relationship between the serum 

uric acid and albuminuria in type 2 diabetic patients. 
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CONCLUSION 

This study showed that, the serum uric acid concentration was significantly 

and positively associated with albuminuria in patients with type 2 Diabetes Mellitus. 

As hyperuricemia is a common finding in this group of patients, and its treatment is 

easy and available, early diagnosis and treatment may be helpful to prevent or 

decrease the rate of development of overt kidney disease in this patients. 

Given this fact, it was hypothesized by this study that, serum uric acid may 

play a pathological role in the development of albuminuria in type 2 diabetes mellitus. 

It is of clinical importance to clarify the pathogenic role of uric acid in renal disease 

and to evaluate whether the increased urinary albumin excretion rate can be prevented 

by lowering uric acid levels with medications. 

To approve this hypothesis, study of the effect of lowering uric acid with 

allopurinol on renal function in diabetic nephropathy patients is suggested in future. 
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SUMMARY 

56 type2 diabetes mellitus patients were enrolled in the study. In all patients, 

blood parameters like serum uric acid, serum creatinine, HbA1C were measured. 

Albumin creatinine ration is calculated and patients are divided in normoalbuminuria, 

microalbuminuria and macroalbuminuria according to albumin creatinine ratio. 

It was found that, concentration of serum uric was 4.09±1.36, 5.21±1.60 and 

7.38±0.87 in patients with normoalbuminuria, microalbuminuria and 

macroalbuminuria, respectively. 

Significant positive association was found between Serum Uric Acid and 

albumin creatinine ratio (r = 0.559, p < 0.001). Also, albumin creatinine ratio was 

positively correlated with duration of diabetes (p = <0.001) and HbA1C (p = 0.001) 

Duration of Diabetes Mellitus and HbA1C were found to be significant factors 

which could predict only 27.6% and 18.4% of variations in albumin creatinine ratio. 

Serum uric acid was found to be a significant factor which could predict 31.2% of 

variation in albumin creatinine ratio. 

By using multiple regression analysis, it was found that serum uric acid was an 

independent predictor of albumin creatinine ratio and also it was positively correlated 

with albumin creatinine ratio. 

Statistical analysis was done as per research guidelines. Vancouver format was 

used in writing bibliography. Master chart reveals all patient data. 
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RESEARCH INFORMED CONSENT FORM 

 

TITLE OF RESEARCH :  “STUDY OF ASSOCIATION OF SERUM 

URIC ACID WITH ALBUMINURIA IN 

TYPE 2 DIABETES MELLITUS” 

GUIDE   : DR. MALLANNA S MULIMANI 

 

P.G. STUDENT  : DR. PRITI S. LANGOTE 

 

PURPOSE OF RESEARCH: 

 I have been informed that the purpose of this study is to find out whether there 

is association of serum uric acid level with proteinuria in type 2 diabetic patients. 

PROCEDURE: 

 I understand that I will undergo detailed history and clinical examination and 

investigations.  

RISKS AND DISCOMFORTS: 

 I understand that there is no risk involved and I may experience mild pain 

during the above mentioned procedures. 

BENEFITS: 

I understand that my participation in this study will help to find out whether 

there is an association of serum uric acid level with proteinuria in type 2 diabetes 

mellitus. 
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CONFIDENTIALITY: 

I understand that the medical information produced by the study will become a 

part of hospital record and will be subjected to confidentiality and privacy regulations 

of hospital. If the data is used for publications the identity of the patient will not be 

revealed. 

REQUEST FOR MORE INFORMATION: 

 I understand that I may ask for more information about the study at any time. 

 

REFUSAL OR WITHDRAWAL OF PARTICIPATION: 

 I understand that my participation is voluntary and I may refuse to participate 

or withdraw from study at any time. 

INJURY STATEMENT: 

I understand in the unlikely event of injury to me during the study I will get 

medical treatment but no further compensations. 

 

 

(Signature of Guardian)     (Signature of patient) 

 

 

(If the patient is conscious, well oriented and fully aware) 
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II. PROFORMA 

 

Name:       IP. No: 

Age:       Address 

Sex:                                                              Date of Admission: 

Occupation:                                                               Date of Discharge: 

Religion:                                                                     Status at Discharge: 

                                                                                     Unit: 

    

Chief complaints: 

Present history: 

Past history:  

History of gout 

      H/O drug intake: 

      Allopurinol 

 Current medications: 

 Insulin:   OHA:   Diuretics: 

Personal history: 

Diet: Appetite:                                   Sleep: 

 Bladder and bowel habits: 

            Tobacco use:                       Alcoholic Beverages: 
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Family history:  

GENERAL PHYSICAL EXAMINATION 

Pallor:                                                           

Icterus: 

Cyanosis: 

 Clubbing: 

Lymphadenopathy: 

Edema: 

 

VITAL SIGNS: 

 

Pulse rate: 

Blood pressure: 

Temperature: 

Respiration rate: 

BMI Estimation: 

Weight: 

Height: 

BMI: 

SYSTEMIC EXAMINATION: 

PER ABDOMEN: 

RESPIRATORY SYSTEM: 

CARDIOVASCULAR   SYSTEM: 
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CENTRAL NERVOUS SYSTEM: 

 INVESTTIGATIONS:  

1.Serum Uric Acid  

2.Serum Creatinine  

3.HbA1C  

4.RBS  

5.FBS  

6.PPBS  

7.HIV Rapid Test  

 

Urine Routine: 

           Albumin: 

           Pus Cells: 

 

 

Urine Albumin:  

Urine Creatinine:  

Urine ACR:  

 

 

 

 

 

 

 



 

86 

KEY TO MASTER CHART 

 

BMI   – Body Mass Index 

SBP  –  Systolic Blood Pressure 

DBP  –  Diastolic Blood Pressure 

SUA  –  Serum Uric Acid 

U. Albumin – Urine Albumin 

U. Creatinine –  Urine Creatinine 

ACR  –  Albumin Creatinine Ratio 

HTN  –  Hypertension 

1   – Male  

2  – Female  
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MSTER CHART 

Sl 

No. 
Age Sex 

Weight 

(kg) 

Height 

(meter) 

Height 

(m2) 
BMI SBP DBP 

Duration 

of DM 

(years) 

SUA 
Serum 

Creatinine 

HbA 

1C 

U.Albumin 

(mg/L) 

U.Albumin 

(ug/dl) 

U.Creat 

(mg%) 
ACR 

HTN 

YES=1, 

NO=0 

1 67 1 50 1.6 2.56 19.53125 160 90 10 8 2.1 7.8 210 21000 70 300 1 

2 58 1 60 1.7 2.89 20.76125 130 80 3 3.9 1.2 4.8 18 1800 50 36 0 

3 77 1 64 1.56 2.4336 26.29849 140 90 6 6.6 1 6.1 36 3600 50 72 0 

4 41 1 69 1.68 2.8224 24.44728 130 80 4 4 1.2 5.1 30 3000 60 50 0 

5 50 1 66 1.58 2.4964 26.43807 140 90 2 4.3 0.7 5.8 33 3300 60 55 0 

6 65 2 60 1.56 2.4336 24.65483 160 90 8 5.6 0.8 11.6 110 11000 70 157.142857 1 

7 50 2 62 1.6 2.56 24.21875 180 80 12 7 0.8 7 190 19000 50 380 1 

8 35 2 45 1.57 2.4649 18.25632 110 70 1 2.9 0.7 6 81 8100 70 115.714286 0 

9 55 1 65 1.59 2.5281 25.71101 120 80 20 7.5 1.1 8 230 23000 70 328.571429 0 

10 74 1 61 1.6 2.56 23.82813 150 100 15 6.1 0.8 6.3 180 18000 60 300 1 

11 40 2 62 1.48 2.1904 28.30533 130 90 3 3.1 0.7 4.3 10 1000 50 20 0 

12 61 2 61 1.6 2.56 23.82813 150 90 8 4.5 0.7 4 24 2400 55 43.6363636 1 

13 62 1 67 1.7 2.89 23.18339 154 80 10 5.6 0.8 6.7 80 8000 71 112.676056 0 

14 58 2 44 1.54 2.3716 18.55288 146 80 8 4.8 1 5 30 3000 60 50 0 

15 55 2 57 1.52 2.3104 24.67105 140 80 3 4.2 0.7 9.7 120 12000 90 133.333333 1 

16 47 2 54 1.53 2.3409 23.06805 130 80 5 6.6 1 9.2 90 9000 50 180 0 
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17 65 2 62 1.47 2.1609 28.69175 150 90 8 5.5 0.8 6 70 7000 50 140 0 

18 45 1 65 1.68 2.8224 23.03005 136 86 4 4.3 0.8 5.6 15 1500 60 25 0 

19 50 2 56 1.58 2.4964 22.4323 130 80 6 3.4 0.7 5.9 10 1000 60 16.6666667 0 

20 49 2 64 1.57 2.4649 25.96454 146 80 4 4.8 0.8 5.1 15 1500 70 21.4285714 0 

21 40 2 58 1.54 2.3716 24.45606 130 80 3 3.8 0.7 4.9 10 1000 60 16.6666667 0 

22 54 1 60 1.7 2.89 20.76125 140 80 6 5.2 1 6.6 40 4000 60 66.6666667 0 

23 50 2 56 1.56 2.4336 23.01118 130 70 4 2.7 0.7 4.8 8 800 70 11.4285714 0 

24 50 1 56 1.64 2.6896 20.82094 136 80 6 4.5 1.1 6.1 15 1500 80 18.75 0 

25 46 1 54 1.65 2.7225 19.83471 120 80 3 2.5 0.7 5.3 6 600 70 8.57142857 0 

26 52 1 56 1.59 2.5281 22.15102 130 80 8 5.8 1.1 6.8 30 3000 70 42.8571429 0 

27 60 1 63 1.68 2.8224 22.32143 140 90 10 4.8 0.8 5.9 20 2000 80 25 0 

28 48 1 67 1.57 2.4649 27.18163 126 78 4 2.7 0.7 4.6 5 500 60 8.33333333 0 

29 57 1 61 1.48 2.1904 27.84879 130 78 12 4.8 1.1 6.3 45 4500 70 64.2857143 0 

30 49 1 54 1.6 2.56 21.09375 120 80 4 3.4 0.8 5.9 10 1000 60 16.6666667 0 

31 65 1 64 1.66 2.7556 23.22543 120 70 8 4.9 1.8 4.8 10 1000 60 16.6666667 0 

32 46 2 42 1.54 2.3716 17.70956 130 80 4 5.9 0.8 6.1 24 2400 30 80 0 

33 44 2 75 1.62 2.6244 28.57796 136 80 2 3.1 0.6 5.8 15 1500 50 30 0 

34 50 2 58 1.57 2.4649 23.53037 136 84 4 4.7 0.6 6.8 57 5700 80 71.25 0 

35 80 2 50 1.5 2.25 22.22222 150 90 3 6.2 1.4 8.3 57 5700 80 71.25 0 

36 73 1 56 1.68 2.8224 19.84127 120 80 15 4.8 1.7 5.1 67 6700 60 111.666667 0 
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37 32 2 70 1.58 2.4964 28.04038 110 70 4 5.7 0.8 8 24 2400 50 48 0 

38 52 1 65 1.61 2.5921 25.07619 130 70 13 8.1 1.4 6.8 98 9800 50 196 0 

39 70 2 56 1.54 2.3716 23.61275 116 78 1 4.3 0.8 6.8 27 2700 90 30 0 

40 60 2 50 1.48 2.1904 22.82688 130 76 10 3.5 1.3 6.7 17 1700 37 45.9459459 0 

41 65 1 64 1.77 3.1329 20.42836 146 80 3 4 0.8 10.5 24 2400 131 18.3206107 0 

42 81 1 65 1.62 2.6244 24.76757 158 80 2 8 2 7 13 1300 50 26 0 

43 52 2 60 1.58 2.4964 24.03461 150 80 4 5.3 1.2 7.5 35 3500 50 70 1 

44 65 2 48 1.56 2.4336 19.72387 160 90 8 8.3 1.7 12.9 230 23000 70 328.571429 1 

45 65 1 72 1.68 2.8224 25.5102 158 90 10 6.1 1 11.7 126 12600 70 180 1 

46 52 1 62 1.72 2.9584 20.95727 140 80 15 4.9 1.4 10.7 56 5600 68 82.3529412 0 

47 65 2 90 1.62 2.6244 34.29355 166 96 8 5.6 2 6.9 86 8600 50 172 1 

48 80 1 70 1.7 2.89 24.22145 140 80 10 4.5 1.2 6.5 19 1900 140 13.5714286 0 

49 55 1 66 1.74 3.0276 21.79945 130 70 6 3.4 0.8 6.8 110 11000 90 122.222222 0 

50 90 2 62 1.58 2.4964 24.83576 146 80 6 5 1 10.5 83 8300 50 166 1 

51 50 2 58 1.6 2.56 22.65625 140 80 6 5.1 0.7 10.5 10 1000 12 83.3333333 0 

52 58 1 94 1.7 2.89 32.52595 150 90 10 6.5 0.8 10.8 53 5300 100 53 1 

53 45 1 66 1.45 2.1025 31.3912 118 72 3 4.7 1.8 10.5 78 7800 50 156 0 

54 65 1 55 1.7 2.89 19.03114 140 80 5 4.7 1.6 11.7 35 3500 17 205.882353 0 

55 45 2 60 1.61 2.5921 23.14726 130 70 6 3.8 1.1 13 38 3800 60 63.3333333 0 

56 55 2 65 1.62 2.6244 24.76757 136 80 5 12 1.5 8.8 46 4600 38 121.052632 1 
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