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Abstract

Background: Diabetes is a major worldwide health problem, leading to markedly increased
mortality and serious morbidity. Type 2 DM is the most common form of DM characterized
by hyperglycemia, insulin resistance, and relative insulin deficiency. This study was done to
evaluate the level of serum uric acid in type 2 Diabetes mellitus patients and to correlate the
parameters of diabetic nephropathy like albuminuria and serum creatinine levels with uric acid.
Aims & Objectives: The aim of the study was to compare Serum Uric acid with Serum
Creatinine and Urine Albumin levels in Diabetes Mellitus patients and find association between
them.

Methods: This study was a cross sectional study in which clinically diagnosed cases of
Diabetes mellitus from OPD of department of Endocrinology, S.M.S. Medical College and
Hospital, Jaipur were taken as cases.

Results: 100 cases of Type 2 Diabetes mellitus above the age of 18 were analyzed in this study.
The Mean Uric Acid levels in cases with Urine Albumin < 30 mg/24h, Urine Albumin 30-300
mg/24h and Urine Albumin > 300 mg/24h was 5.27 + 1.25 mg/dl, 8.27 + 1.63 mg/dl, and 12.76
+ 1.76 mg/dl respectively. These values were statistically significant after applying ANOVA
test (p value <0.00001 and f ratio = 62.45). There was statistically significant Positive
correlation Serum Uric acid & Urine albumin (r = 0.8126 and p < 0.0001). Mean Uric Acid
levels in cases with Serum Creatinine < 1.2 mg/dl was 7.47 + 1.95 mg/dl and with Serum
Creatinine > 1.2 mg/dl was 9.32 + 2.46 mg/dl. These values were statistically significant after
applying Student T test (p value 0.000045) and also statistically significant Positive correlation
Serum Uric acid & Serum Creatinine was seen (r = 0.3172 and p value = 0.001302).
Conclusion: The levels of serum uric acid and microalbuminuria are significantly correlated
in nephropathy in Type-2 diabetic patients. There was also significant correlation between
Serum Uric acid and Serum Creatinine. Hence Serum uric acid level can not only be used as
early diagnostic marker but also for the prognostic monitoring of diabetic nephropathy.
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Introduction

Diabetes is a major worldwide health
problem, leading to markedly increased
mortality and serious morbidity. India had
32 million diabetic patients in the year 2000
and this number would increase to 80
million by the year 20301]

Diabetes mellitus (DM) refers to a group of
common metabolic disorders that share the
phenotype of hyperglycemia. Type 2 DM is
the most common form of DM
characterized by hyperglycemia, insulin
resistance, and relative insulin
deficiency.[2] Several distinct types of DM
are caused by a complex interaction of
genetics and environmental factors.[3,4]
Depending on the etiology of the DM,
factors contributing to hyperglycemia
include reduced insulin  secretion,
decreased glucose utilization, and increased
glucose production. The metabolic
dysregulation associated with DM causes
secondary pathophysiologic changes in
multiple organ systems that impose a
tremendous burden on the individual with
diabetes and on the health care system.

Glucose tolerance can be assessed using the
fasting plasma glucose (FPG), the response
to oral glucose challenge, or the
hemoglobin A1C (A1C). An FPG <5.6
mmol/L (100 mg/dL), a plasma glucose
<140 mg/dL (11.1 mmol/L) following an
oral glucose challenge, and an A1C <5.6%
are considered to define normal glucose
tolerance. The International Expert
Committee with members appointed by the
American Diabetes Association, the
European Association for the Study of
Diabetes and the International Diabetes
Federation has issued diagnostic criteria for
DM]5] as:

e Symptoms of diabetes plus random
blood glucose concentration 11.1
mmol/L (200 mg/dL) or

e Fasting plasma glucose 7.0 mmol/L
(126 mg/dL) or

e AIC>6.5%or
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e Two-hour plasma glucose 11.1 mmol/L
(200 mg/dL) during an oral glucose
tolerance test.

Tests for screening and diagnosis of DM are
readily available. The earliest detectable
abnormality of nephropathy is
microalbuminuria followed by decrease in
glomerular filtration rate (GFR) and
increase in serum creatinine
concentrations.[6] Recent observations
suggest that uric acid is an element which
may lead to inflammation and may play a
pivotal part in endothelial dysfunction and
results in the development of Diabetic
Nephropathy. Therefore, this study was
done to evaluate the level of serum uric acid
in type 2 Diabetes mellitus patients and to
correlate the parameters of diabetic
nephropathy like albuminuria and serum
creatinine levels with uric acid in type 2
Diabetes mellitus subjects so as to
formulate the role of these parameters in
prognosis and  evaluation in the
pathogenesis of Type 2 DM.

Materials and Methods

This study was a Hospital based
comparative observational study in the
Department of Biochemistry and Central
Lab and Department of Endocrinology,
S.M.S. Medical College and Hospital,
Jaipur. The Study Design was a Cross
sectional study done from Jan 2019 to Nov
2020.

All diagnosed type 2 DM patients who
fulfill the inclusion criteria were selected
from OPD patients at Department of
Endocrinology, SMS hospital JAIPUR.
Patients with age more than 18 years with
diagnosis of type 2 Diabetes mellitus and
who gave consent were included in the
study. However, Patients with renal failure
and creatinine levels >1.5 mg/dl, By
MDRD Formula [GFR (mL/min/1.73 m?) =
175 % (Ser) 13 x (Age) 2% x (0.742 if
female)], Renal stones, Liver disease and
those taking drugs affecting renal function
and uric acid level were excluded from the
study.

International Journal of Pharmaceutical and Clinical Research

148



International Journal of Pharmaceutical and Clinical Research

Statistical Analysis: Sample Size was
calculated at 95% of confidence level and
error of assuming 65% of Type 2 DM
patients having More than 7.4 /dl as per
seed Article. At an absolute allowable error
of 10% the equal sample for the size in 91
cases which can be rounded of to 100 as
final size. Quantitative data expressed in the
form of Mean + SD and inference was
drawn with the use of appropriate statistical

ISSN: 0975-1556

test. Samples were analyzed on fully
automated analyzer Beckman Coulter AU-
680.

Results

The characteristics of the studied
population, including age, the mean levels
of blood sugar and HBAlc are shown in
Table 1.

Table 1: Statistical Indices of the study

Test/ Parameters No. of Cases Result

Age (years) 100 51.7+7.52
Fasting Blood Glucose (mg/dl) 100 179.2+41.94
Post Prandial Glucose (mg/dl) 100 252.7+51.49
HBAI1C (%) 100 9.2+1.78
Uric Acid (mg/dl) 100 8.51+ 2.42
Urine Albumin (mg/24h) 100 155.0 £ 97.68
Serum Urea (mg/dl) 100 30.3+11.32
Serum Creatinine (mg/dl) 100 1.17+£0.24

URIC ACID & URINE ALBUMIN: The Mean Uric Acid levels in cases with Urine Albumin
< 30 mg/24h, Urine Albumin 30-300 mg/24h and Urine Albumin > 300 mg/24h was 5.27 +
1.25 mg/dl, 8.27 £ 1.63 mg/dl, and 12.76 + 1.76 mg/dl respectively. These values were
statistically significant after applying ANOVA test (p value <0.00001 and f ratio =

62.45).(Table 2, Graph 1)

Table 2: Uric Acid variation with Urine Albumin

Test/ Parameters | Urine Urine

albumin <30 | albumin 30- | > 300 mg/24h

Urine albumin | P value F ratio

mg/24h 300 mg/24h
Number of cases 10 78 12
Uric Acid (mg/dl) | 5.27 £ 1.25 8.27+1.63 12.76 £ 1.76 < .00001 | 62.45

(S)

*P value obtained after applying ANOVA TEST
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Urine albumin<30  Urine albumin 30- Urine albumin > 300

Graph 1: Uric Acid variation with Urine Albumin

There was statistically significant Positive correlation Serum Uric acid & Urine albumin (r =
0.8126 and p < 0.0001). (Table 3, Graph 2)

Table 3: Pearson correlation between Serum Uric acid & Urine albumin
Parameter P value R Score R? Significance

Uric acid vs. Urine albumin | <.00001 0.8126 0.6603 S

*Data analysis using Pearson correlation analysis
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Graph 2: PEARSON CORRELATION between Serum Uric acid & Urine albumin

URIC ACID & SERUM CREATININE: The Mean Uric Acid levels in cases with Serum
Creatinine < 1.2 mg/dl was 7.47 + 1.95 mg/dl and with Serum Creatinine > 1.2 mg/dl was 9.32

+ 2.46 mg/dl. These values were statistically significant after applying Student T test (p value
0.000045). (Table 4, Graph 3)
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Table 4: Uric Acid variation with Serum Creatinine

Test/ Parameters Serum Creatinine Serum Creatinine | P value
<1.2 mg/dl > 1.2 mg/dl
Number of cases 44 56
Uric Acid (mg/dl) 7.47 £1.95 9.32 +£2.46 0.000045 (S)

*P value obtained after applying STUDENT T TEST

Graph 3: Uric Acid variation with Serum Creatinine

There was statistically significant Positive correlation Serum Uric acid & Serum Creatinine (r
=0.3172 and p value = 0.001302). (Table 5, Graph 4)

Table 5: Pearson correlation between Serum Uric acid & Serum Creatinine
Parameter P value R Score | R? Significance

Uric acid vs. Serum Creatinine 0.001302 0.3172 0.1006 | S

*Data analysis using Pearson correlation analysis
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Graph 4: PEARSON CORRELATION between Serum Uric acid & Serum Creatinine
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Discussion

Diabetes is a major worldwide disease
characterized by high blood glucose levels.
It may be due to impaired insulin secretion,
resistance to peripheral actions of insulin,
or both. Chronic hyperglycemia in synergy
with the other metabolic aberrations in
patients with diabetes mellitus can cause
damage to various organ systems, leading
to the development of disabling and life-
threatening health complications, most
prominent of which are microvascular
(retinopathy, nephropathy, and neuropathy)
and macrovascular complications leading
to a 2-fold to a 4-fold increased risk of
cardiovascular diseases.

Our study found that DM affects mostly the
middle age people (Mean age 51.7 years)
and its prevalence is highest in them.
Similar results were seen in the study By
Chaudhary et al in 20197 where the highest
number (40% of the study population) of
type 2 DM patients belonged to the 41-50
years age group. This finding was
supported by various other studies as well
such as by Scott DA et al in 193§[8§],
McNair P et al in 1981[9] and Yoon KH et
al in 2008.[10]

The Mean Uric Acid Levels in the Diabetic
Case group was 8.51 + 2.42 mg/dl. Similar
results were seen in study by Deepali K et
al in 2018[11], where the mean serum uric
acid concentration was 6.03+£1.75 mg/dL.
This compares well with the study
conducted by Kaifee M, et al.(2017)[12]
observed that the mean of the serum Uric
Acid in patients with T2DM in study
population as 6.18 = 0.89mg/dl. Chin-Hsiao
Tseng et al (2005)[13] reported that the
mean of the uric acid in patients with T2DM
in study population was 5.6 = 1.9 mg/dl. He
also reported that the mean serum uric acid
levels in patients with T2DM in study
population for normoalbuminuric,
microalbuminuric and macroalbuminuric
patients were 5.2 + 1.6 mg/dL, 5.6+ 1.9
mg/dL, and 6.7 + 2.1 mg/dL respectively.
This result was in accordance to our results
where Mean Uric Acid levels in cases with
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Urine Albumin < 30 mg/24h, Urine
Albumin 30-300 mg/24h and Urine
Albumin > 300 mg/24h was 5.27 + 1.25
mg/dl, 8.27 + 1.63 mg/dl, and 12.76 + 1.76
mg/dl respectively. Various authors like
Kopaei MR et al[14] , Razi F et al and
Kuwabara M et al[15] reported Serum uric
acid is associated with decreased GFR as
well as albuminuria and can be used as an
indicator of Diabetic nephropathy. Our
study shows statistically significant
Positive correlation Serum Uric acid &
Urine albumin (r = 0.8126 and p < 0.0001).
Similarly, Behradmanesh et al.[16],
established in a study that serum uric acid
had an important affirmative correlation
with diabetic nephropathy.

Elevated uric acid can induce renin
expression from the juxtaglomerular cells
and inhibit NOS expression in the macula
densa. Uric acid also impairs endothelial
function[17] and stimulates the production
of cytokines from leukocytes[18] and
chemokines from vascular smooth muscle
cells.[19] An increased concentration of
uric acid in serum is a dangerous factor for
the kidneys, as it is observed that
hyperuricemia-induced endothelial
dysfunction, glomerular hypertension, and
renal hypertrophy reduce renal perfusion by
inducing proliferation of afferent arteriolar
vascular smooth muscle cell.[20] As the
development of albuminuria is the first
indication of kidney damage and diabetic
nephropathy in patients with diabetes, it
confirmed the association of ACR and
hyperuricemia thereby confirming that
hyperuricemia plays a role in diabetic
nephropathy.

Our study shows that Mean Uric Acid
levels in cases with Serum Creatinine < 1.2
mg/dl was 7.47 + 1.95 mg/dl and with
Serum Creatinine > 1.2 mg/dl was 9.32 +
2.46 mg/dl. These values were statistically
significant after applying Student T test (p
value 0.000045). it also shows statistically
significant Positive correlation Serum Uric
acid & Serum Creatinine (r = 0.3172 and p
value =0.001302). Dr. Beena Unnikrishnan
in 2017[21] also showed that serum uric
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acid is a major pathological factor in the
development of nephropathy in patients
having Type-2 diabetes mellitus. Kaifee M
et al (2017)[12] also reported that
hyperuricemia correlated positively with
FBG, HbA1C, serum creatinine, LDL &
triglycerides in patients with T2DM.
Similarly Sitholay, Agnihotri, and Ambad
(2017)[22] showed that the activity of blood
urea, serum creatinine and uric acid was
highly significantly increased found in
type-2 DM patients compared to the regular
healthy group.

Hyperuricemia has been shown to be an
independent risk factor for renal injury. Our
study also confirmed that Serum Uric Acid
may play an important role in kidney
damage in diabetic patients. The
mechanism may be as follows. (1) Uric acid
induces endothelial dysfunction via the
impairment of nitric oxide synthesis.[23]
(2) Uric acid in the dissolved state can
stimulate the inflammatory response via
inducing the production of chemokine such
as monocyte chemoattractant protein.[24]

Conclusion

Type 2 diabetes mellitus (DM) is a chronic
metabolic disorder in which prevalence has
been increasing steadily all over the world.
Diabetic nephropathy (DN) is still the most
prevailing reason of end-stage renal disease
(ESRD). The present study strongly
suggests a close link between uric acid and
increased urinary albumin excretion rate in
type 2 diabetic patients. Our study also
shows a positive and strong correlation
between uric acid and Serum Creatinine.

In order to prevent the progression of
diabetes mellitus to diabetic nephropathy,
vigilant monitoring of serum uric acid and
creatinine are simple biomarkers available
in  patients with  proteinuria  if
microalbuminuria screening test cannot be
performed. We would like to conclude that
Serum Uric acid, Serum Creatinine and
Urine Albumin levels are simple tests
helpful in diabetics who are poorly
controlled to assess the renal function.

Singh et al.

ISSN: 0975-1556

References

1.

Wild S, Roglic G, Green A, Sicree R,
King H. Global prevalence of diabetes:
Estimates for the year 2000 and
projections for 2030. Diabetes Care
2004; 27: 1047-53.

Maitra A, Abbas AK. Endocrine
system. In: Kumar V, Fausto N, Abbas
AK (eds). Robbins and Cotran
Pathologic basis of disease (7th ed)
2005. Philadelphia, Saunders; 1156-
1226.

Chen L, Magliano DJ, Zimmet PZ. The
worldwide epidemiology of type 2
diabetes mellitus: present and future
perspectives. Nature reviews
endocrinology. Available at:
www.nature.com/uidfinder. (Accessed
22nd December 2011)

Genetic basis of type 1 and type2
diabetes, obesity, and their
complications. Advances and emerging
opportunities in diabetes research: a
Strategic Planning report of the
DMICC. www?2.niddk.nih.gov/NR.
(Accessed 22nd December 2011).
American  Diabetes  Association.
Diagnosis and classification of diabetes
mellitus. Diabetes Care 2014; 37 Suppl
1: S81-S90 [PMID: 24357215 DOI:
10.2337/dc14-S081]

Gonzalez Suarez ML, Thomas DB,
Barisoni L, Fornoni A. Diabetic
nephropathy: Is it time yet for routine
kidney biopsy? World J Diabetes.
2013;4(6):245-55.

Chaudhary, G., Chaudhary, F., Tanveer,
A., Tameez Ud Din, A., Chaudhary, S.,
Tameez Ud Din, A., & Shafi, A. (2019).
Demographic and Clinical
Characteristics 0f 4556 Type 2 Diabetes
Mellitus Patients at a Tertiary Care
Hospital in Southern
Punjab. Cureus, 11(5), e4592.

Scott DA, Fisher AM. J Clin Invest.
1938;17:725-728. The insulin and the
zinc content of normal and diabetic
pancreas. [PMC free article] [PubMed]
[Google Scholar]

International Journal of Pharmaceutical and Clinical Research

153



International Journal of Pharmaceutical and Clinical Research

10.

11.

12.

13.

14.

15.

16.

Singh et al.

McNair P, Christiansen C, Christensen
MS, Madsbad S, Faber OK, Binder C,
Transbel 1. Development of bone
mineral loss in insulin-treated diabetes:
A 1 1/2 years follow-up study in sixty
patients. Eur J Clin Invest. 1981;11:55—
59. [PubMed] [Google Scholar]

Yoon KH, Kim HS. A short message
service by cellular phone in type 2
diabetic patients for 12 months.
Diabetes Res Clin Pract. 2008;79:256—
261.

Deepali Kaushal, N.S Neki, Sat Pal
Aloona, Rohit Bhardwaj, Bhoj Raj
Sharma, K.Shankar, Manpreet Singh.
(2018). Study on the association
between Hyperuricemia and
Albuminuria in patients of type 2
Diabetes Mellitus. Int. J. Curr. Res.
Med. Sci. 4(12): 110-119.

Kaifee M, Baruah K, Agrawal PK,
Alam F, Rasool U, Hassan R, Kumar M.
Study on  association  between
hyperuricemia and albuminuria in
patients with type ii diabetes mellitus.
Int Arch BioMedClin Res.
2017;3(4):75-79.

Tseng CH. Correlation of uric acid and
urinary albumin excretion rate in
patients with type 2 diabetes mellitus in
Taiwan. Kidney Int. 2005;68:796-801.

Mahmoud Rafieian-Kopaei, Saeed
Behradmanesh,  Soleiman  Kheiri,
Hamid Nasri. Association of Serum
Uric Acid With Level of Blood Pressure
in Type 2 Diabetic Patients . IJKD
2014;8:152-4

Kuwabara M, Bjornstad P, Hisatome I,
et al. Elevated serum uric acid level

predicts rapid decline in kidney
function.  American  journal  of
nephrology. 2017;45(4):330-337.

doi:10.1159/000464260

Behradmanesh S, Horestani MK,
Baradaran A, Nasri H. Association of
serum uric acid with proteinuria in type
2 diabetic patients. J Res Med Sci.
2013;18(1):44-46.

17.

18.

19.

20.

21.

22.

23.

24.

ISSN: 0975-1556

KANG DH, FINCH J, NAKAGAWA
T, et al: Uric acid, endothelial
dysfunction and  pre-eclampsia:
searching for a pathogenetic link. J
Hypertens 22:229-235, 2004

NETEA MG, KULLBERG BJ, BLOK
WL, et al: The role of hyperuricemia in
the increased cytokine production after
lipopolysaccharide challenge in
neutropenic mice. Blood 89:577-582,
1999

KANELLIS J, WATANABE S, LI JH,
et al: Uric acid stimulates monocyte
chemoattractant protein-1 production in
vascular smooth muscle cells via
mitogen-activated protein kinase and
cyclooxygenase-2. Hypertension
41:1287-1293, 2003

Khosla UM, Zharikov S, Finch JL, et al.

Hyperuricemia induces endothelial
dysfunction. Kidney Int. 2005;67:
1739-42.

Unnikrishnan B, Mookambika RV,
Ashok VG. A Study on Serum Uric
Acid and Proteinuria in Association
with Diabetic Nephropathy among
Type 2 Diabetic Patients in a Teritary
Care Centre. J Med Sci Clin Res.
2017;(5)19820-19824

P A Sitholay, M A Agnihotri, R S
Ambad. Study of renal function and
serum electrolyte in type-2 DM. Int J

Innov Res Med Sci, 2: 1149-1153,
2017.

Choi Y. J., Yoon Y., Lee K. Y, et al.
Uric acid induces  endothelial
dysfunction by vascular insulin
resistance  associated  with  the

impairment of nitric oxide synthesis.
The FASEB Journal. 2014;28(7):3197—
3204. doi:  10.1096/1].13-247148.
[PubMed] [CrossRef] [Google Scholar]
Kanellis J., Watanabe S., Li J. H., et al.
Uric acid stimulates monocyte
chemoattractant protein-1 production in
vascular smooth muscle cells via
mitogen-activated protein kinase and
cyclooxygenase-2. Hypertension.
2003;41(6):1287-1293.

International Journal of Pharmaceutical and Clinical Research

154



