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Background & Objectives: People with pre-diabetes may have impaired fasting glucose (IFG) or
impaired glucose tolerance (IGT). Some people may have both IFG and IGT. Uric acid can act as a
prooxidant and may be a marker of oxidative stress, but it may also have a therapeutic role as an
antioxidant. Hyperuricemia has been found to be associated with obesity and insulin resistance.
Materials & Methods: The study was conducted in 100 male subjects in the age range 30-50
years. The questionnaire with questions on demographic data, seafood consumption, drinking and
smoking information, personal and family history of diabetes and gout, previous history of
hypertension, cardiovascular disease was taken. Height & Weight of the subjects was measured. BMI
was then calculated. BP was recorded. Serum Uric acid was measured using Uricase-Trinder -
Endpoint ; Erba Diagnostics ). For the diagnosis of pre diabetes the WHO (1999) criteria was used.
In this study the enzymatic glucose oxidase - peroxidase (GOD - POD ; Erba Diagnostics) was used
for estimation of blood glucose level. Results: From the present hospital based cross sectional
study, we observed a significant increase in the serum uric acid levels in prediabetics when
compared with the control & non diabetic subjects. Conclusion: Uric acid may perform the role of
marker for deterioration of glucose metabolism. Pre-diabetics were at higher risk of developing uric
acid related complications
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Introduction

Uric acid is produced by the breakdown of purines
and by direct synthesis from 5-phosphoribosyl
pyrophosphate and glutamine. Serum urate levels
vary with age and sex. Most children have serum
urate concentrations of 180 to 240 pmol/l (3.0 to
4.0 mg/dl). Mean serum urate values of adult men
and premenopausal women are 415 and 360 umol/L
(6.8 and 6.0 mg/dl) respectively. After menopause,
values for women increase to approximate those of
men. In adulthood, concentrations rise steadily over
time and vary with height, body weight, blood
pressure, renal function [1, 2] and alcohol intake.

Pre-diabetes is the condition in which the people
have slight increase in blood glucose levels than the
normal but they are not said to be diabetic. People
with pre-diabetes may have impaired fasting
glucose (IFG) or impaired glucose tolerance (IGT) or
both IFG and IGT. IFG is a condition in which the
fasting blood sugar level is elevated after an
overnight fast but not high enough to be classified
as diabetes (FBS between 110-125mg/dl). IGT s a
condition in which the blood sugar level is elevated
after a 2- hour oral glucose tolerance test, but is not
high enough to be classified as diabetes (PPBS
between 140- 199mg/dl).

In 2000 it was estimated that [3] 171 million people
globally suffered from diabetes or 2.8% of the
population suffered from diabetes. Type-2 diabetes
is the most common type worldwide. As on 2007 [4]
the 5 countries with the largest amount of people
diagnosed with diabetes were India (40.9 million),
China(38.9 million), US (19.2 million), Russia (9.6
million), and Germany (7.4 million).Currently, India
is the diabetes capital of the world. The world
prevalence of diabetes among adults (aged 20-79
years) was found to be 6.4%, affecting 285 million
adults, in 2010, and it might be increase to 7.7%,
and 439 million adults by 2030. Between 2010 and
2030 [5] there might be a 69% increase in humbers
of adults with diabetes in developing countries and a
20% increase in developed countries. It was
estimated that over 40 million of those with
diabetes are currently in India and that by 2025
that number will grow to 70 million. Another 30
million Indians have pre-diabetes and are at high
risk of developing type II diabetes mellitus (T2DM).
Type II Diabetes is an economically costly disease
and a major cause of mortality and morbidity.

In a study in different states of India, the weighted
prevalence of diabetes (both known and newly
diagnosed) was 10.4% in Tamilnadu, 8.4% in
Maharashtra, 5.3% in Jharkhand, and 13.6% in
Chandigarh and the prevalence of prediabetes
(impaired fasting glucose and/or impaired glucose
tolerance) was 8.3%, 12.8%,8.1% and 14.6%
respectively.

Various mechanisms have been suggested through
which uric acid may be implicated in the
atherosclerotic process. Uric acid can act as a
prooxidant, particularly at increased concentrations,
and may be a marker of oxidative stress [6,7] but it
may also have a therapeutic role as an antioxidant
[8,9]. Plasma uric acid concentrations correlate with
longevity in primates and other mammals [10], a
characteristic that is presumably a function of
urate’s antioxidant properties. Thus, it is unclear
whether increased concentrations of uric acid in
diseases associated with oxidative stress, such as
atherosclerotic coronary heart disease (CHD), stroke
and peripheral arterial occlusive disease, are a
protective response or a primary cause. Some
researchers have proposed that hyperuricemia-
induced oxidative stress represents a cause of the
metabolic syndrome [11]. Hyperuricemia has been
found to be associated with obesity and insulin
resistance, and consequently with type 2 diabetes
.Other important biological effects of uric acid relate
to endothelial dysfunction by inducing anti
proliferative effects on endothelium and impairing
nitric oxide production and inflammation, e.g.,
through increased C-reactive protein expression
[12,13]. Uric acid may also play a role in immune
activation with subsequent increased chemokine
and cytokine expression [14].

Some studies considered Hyperuricemia to be a
component of metabolic syndrome that reflects
insulin resistance [15, 16]. In several
epidemiological studies, a close relationship
between hyperuricemia and hypertension, heart
failure and other cardiovascular diseases has been
reported [17, 18, 19, 20] and correlations between
hyperuricemia and obesity, dyslipidemia, and
diabetes have also been reported [21, 22].

There are numerous cross-sectional studies and
prospective studies on serum uric acid concentration
and the development of hypertension. Humans
excrete 60- 70% of serum uric acid through
kidneys, with the remainder

Biomedical Review-Journal of Basic and Applied Medical Science 2014;1(2) 37



Srikanth S et al: Relationship between Serum Uric acid and BMI

Being excreted in feces. Over 90% of serum uric
acid is soluble and not protein bound, and freely
filtered by the kidneys. This makes filtered serum
uric acid strongly dependent on glomerular filtration
rate GFR). The proximal tubule serves as the site for
further secretion and reabsorption of uric acid. Since
most serum uric acid is freely filtered, reabsorption
is the primary mechanism that influences baseline
rates of uric acid in an individual. Reabsorption
occurs by active transport coupled to Na-K-ATPase
pump utilizing transport proteins, the most
important of which are URAT1 and GLUT9.

Aims & Objectives

The main purpose of our study is to examine the
association between serum uric acid, Body Mass
Index & Blood Pressure in prediabetes and diabetes
in rural population of Andhra Pradesh.

Materials & Methods

The study was conducted in 100 male subjects in
the age range 30-50 years. The questionnaire with
questions on demographic data, seafood
consumption, drinking and smoking information,
personal and family history of diabetes and gout,
previous history of hypertension, cardiovascular
disease was taken. Height and weight of the
subjects was measured with participants wearing
light clothes and without shoes. BMI was then
calculated by dividing weight (kg) by height (m)
squared. Three consecutive blood pressure readings
using Omron digital BP apparatus, at least 30
seconds apart, were taken from the right arm of
seated subjects, and the average of the three
readings was used in the data analysis. All
objectives and procedures to be followed for the
study were explained in detail by the study
investigator, the day before the data and blood
samples were collected. Informed and written
consent was obtained from all eligible individuals.

An overnight fast of 8-14 h, with no alcohol
consumption on the previous night was ensured
before proceeding with the tests. Fasting venous
blood sample was collected for the estimation of
FBS & Serum Uric acid. Both fasting plasma glucose
(FPG) and 2-h plasma glucose postglucose load
(2hPG) was measured in all eligible subjects, all
subjects were asked to take 75 g of anhydrous
glucose in 200mL of water within

5 min (equivalent to 82.5 g of Glucon-D). Subjects
were instructed not to indulge in any physical
activity or to smoke during the study period. For the
diagnosis of pre diabetes the 1999 WHO criteria (9)
was used, impaired fasting glucose level with FBS
between 110mg/dl - 125mg/dl, Impaired Glucose
Tolerance with FBS between 140 - 199 mg/d| after
2 hours of glucose load . In this study the enzymatic
glucose oxidase - peroxidase (GOD - POD; Erba
Diagnostics) was used for estimation of blood
glucose level. People with pre-diabetes may
impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT). Some people may have both IFG
and IGT. IFG is a condition in which the fasting
blood sugar level is elevated after an overnight fast
but is not high enough to be classified as diabetes
(110- 125mg/dl). IGT is a condition in which the
blood sugar level is elevated after a 2- hour oral
glucose tolerance test, but is not high enough to be
classified as diabetes (140- 199mg/dl). Serum Uric
acid was measured using UricaseTrinder —Endpoint -
Erba Diagnostics).

Exclusion Criteria: Patients with serum creatinine
> 1.0 mg/dl; Family history of Hypertension, CV
disease / Gout or any renal diseases; H/o Alcohol
consumption/ smoking.

Inclusion Criteria: Male Subjects with
prediabetes, diabetes and normal subjects (control)
within the age of 30-50 years. Subjects were
grouped into 3 groups as Group I - Prediabetes;
Group II - DM Type II; Group III - control subjects
(No DM/HTN). Statistical Analysis was done using t
test assuming unequal variances and p value < 0.05
was considered significant.

Observation & Results

In Group I subjects (Subjects with Pre diabetes) (n
= 16), the mean serum uric acid was 4.64%+ 0.97
mg/dl with a mean BMI of 25.88 £ 4.61 Kg/m2. The
mean SBP & DBP in the same Group I subjects was
116.87 £ 17.02 mmHg & 79.38 £13.89 mmHg
respectively. The FBS and PPBS in Group I subjects
were 116.63 £+ 39.26 mg/dl & 198.31 *+ 61.86
mg/dl respectively. In Group II subjects (Subjects
with Diabetes) (n = 75), the mean serum uric acid
was 3.436 + 0.73 mg/dl with a mean BMI of 25.89
+ 4.07 Kg/m2. The mean SBP & DBP in the same
Group II subjects was 128.98+ 12.38 mmHg &
84.48 £ 8.85mmHg respectively. The FBS and PPBS
in Group II subjects were 170.17
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+ 48.09 mg/dl & 284.06 = 62.82 mg/dl
respectively. In Group III subjects (Normal Control
subjects) (n = 44), the mean serum uric acid was
4.15% 0.81 mg/dl with a mean BMI of 22.77 + 3.90
Kg/m2. The mean SBP & DBP in the same Group III
subjects was 119.09 £ 10.77mmHg & 75.59 + 8.86
mmHg respectively. The FBS and PPBS in Group III
subjects were 85.81 + 10.085 mg/dl & 122 + 8.3

mg/d| respectively.

Table 1: Comparison of Different parameters
between Control and Pre diabetic subjects

SBP mmHg ( Mean)

ControlGroup

III

119.090 £10.77

Pre

DiabetesGroup

116.875 = 17.02

P value Inferen

0.3159

P<0.01 respectively).BMI when compared between
Group I & Group II subjects, we found a non-
significant increase in BMI in pre diabetics i.e.,
Group I (p =0.4076). We observed a highly
significant increase in SBP & a non-significant
increase in DBP in Group II subjects when compared
with Group subjects (p < 0.01 & p = 0.0877
respectively).

Table 3: Comparison of Different parameters
between Controls

III II e

ControlGroup DiabeticGroup P value Inferenc‘

DBP( Mean) mmHg

75.590 + 8.86

79.375 + 13.89

0.1606

BMI ( Mean) Kg/m2

22.77 = 3.90

25.882 + 4.61

0.0250

FBS ( Mean) mg/dI|

85.818 + 10.08

116.625 * 39.26

0.00342

PPBS ( Mean) mg/dl

122 + 8.3

198.312 + 61.86

< 0.01

SUA ( Mean) mg/dI|

4.152+0.81

4.644+0.97

0.04176

SBP ( mean ) mmHg |[119.09+10.7 |128.98 + 12.38 |< 0.01 |HS

DBP ( mean ) mmHg|75.591+ 8.86 [84.48 + 8.85 < 0.01 |HS

BMI ( mean ) Kg/m2|22.7 £ 3.90 25.89 £ 4.07 |< 0.01 [HS

FBS ( mean ) mg/dl |85.8 = 10.08 170.173 = < 0.01 [HS
48.09

PPBS ( mean ) mg/dl|122 + 8.3 284.067 + < 0.01 |HS
62.82

SUA ( mean )mg/dl [4.152 £ 0.81 [3.436 £ 0.73 |< 0.01 [HS

Serum Uric acid when compared between Group III
& Group I, we found an increase in SUA in pre
diabetics i.e., Group I which s statistically
significant (p = 0.0417). Also a highly significant
increase in FBS & PPBS is observed in prediabetics
when compared with the control subjects (p =
0.00342 & p < 0.01 respectively).BMI when
compared between Group III & Group I subjects, we
found a significant increase in BMI in pre diabetics
i.e.,, Group I (p = 0.0250). We observed a non-
significant decrease in SBP & a non-significant
increase in DBP in Group III subjects when
compared with Group I subjects (p = 0.3159 & p
=0.1606 respectively).

Table 2: Comparison of Different parameters
between Pre diabetic & diabetic subjects

Pre diabetic DiabeticGroup P value Inferenc

SBP ( mean ) mmHg

Group I

116.87 + 17.02

II

128.98 + 12.38

0.00711

DBP ( mean )

mmHg

79.375 + 13.89

84.48 + 8.85

0.0877

BMI ( mean ) Kg/m2|

25.88 = 4.61

25.89 = 4.07

0.4076

NS

FBS ( mean ) mg/dl

116.625 + 39.26

170.173 + 48.09

< 0.01

HS

PPBS ( mean )
mg/dl

198.312 + 61.86

284.067 £ 62.62

< 0.01

HS

SUA ( mean ) mg/dl

4.643 £ 0.97

3.436 = 0.73

< 0.01

HS

Serum Uric acid when compared between Group I &
Group II, we found an decrease in SUA in pre
diabetics i.e.,Group I which is statistically significant
( p < 0.01). Also a highly significant increase in FBS
& PPRBS is ohserved in prediabetics when compared

Serum Uric acid when compared between Group III
& Group II, we found a highly significant decrease in
SUA in diabetics i.e.,Group II ( p< 0.01). Also a
highly significant increase in FBS & PPBS s
observed in diabetics when compared with the
control subjects (p < 0.01 & p < 0.01
respectively).BMI when compared between Group
III & Group II subjects , we found a highly
significant increase in BMI in diabetics i.e., Group II
(p < 0.01). We observed a highly significant
increase in SBP and DBP in Group II subjects when
compared with Group III subjects ( p < 0.01 & p <
0.01 respectively).

SUA ( Mean) mg/dI

DM
Pre Diabetic

m5UA [ Mean) mgfdl

control

-~

o 1 2 3 4 5

| Fig
1: Graph showing Serum Uric Acid in different

Discussion

Modan et al [23] in their epidemiological study
found that hyperinsulinemia was associated with an
increase in serum uric acid concentration, and
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This finding was significant after adjusting for BMI,
degree of impaired glucose tolerance, and serum
triglyceride concentration. Higher insulin levels are
known to reduce renal excretion of urate. Insulin
may enhance renal urate reabsorption via
stimulation of the urate-anion exchanger URAT1
and/or the sodium-dependent anion cotransporter in
brush border membranes of the renal proximal
tubule [24] . Melvin R Hayden et al [11] concluded
that in the atherosclerotic prooxidative
environmental milieu, the original antioxidant
properties of uric acid paradoxically becomes pro-
oxidant, contributing to the oxidation of lipoproteins
within atherosclerotic plaques, regardless of their
origins in the MS, Type II Diabetes. In this milieu
there exists an antioxidant — prooxidant urate redox
shuttle. Non-diabetic atherosclerosis and
atheroscleropathy were associated with the
elevation of uric acid .Hyperuricemia has been
associated with increasing body mass index (BMI) in
recent studies and are even apparent in the
adolescent youth [25]. The increase in BMI among
different groups of our study correlates with this
study. Bedir A et al [26] suggested that leptin might
be one of the possible cause for the missing link
between obesity and hyperuricemia.

Sudhindra rao M et al [27] observed that mean
serum uric acid level was lower in control group
(3.84 mg/dl), increased in pre-diabetics
(4.88mg/dl) and again decreased in diabetics
(3.78mg/dl). The results of our study were in
accordance with this study regarding Serum Uric
Acid. Ivonne Sluijs et al [28] concluded from their
studies that high uric acid concentrations are
associated with increased risk of diabetes which
may be explained by the degree of adiposity.
Several trials have shown reductions in the risk of
developing diabetes among prediabetic individuals
after lifestyle and drug-based interventions.
Prediabetes may also convert back to
normoglycaemia. Blood glucose in the prediabetic
range is correlated with many risk factors, including
general and central obesity, blood pressure,
triglyceride and lipoprotein levels [29] .Studies
using different measures of B-cell function have
reported an abnormal decrease in insulin secretion
in prediabetic people [30].

From the present hospital based cross sectional
study, we observed a significant increase in the
serum uric acid levels in prediabetics when
compared with the control & diabetic subjects.

This is in accordance with the study done by Jasna
Vucak et al [31] , BMI also showed a significant
positive association with serum Uric acid in
prediabetic subjects when compared with the
control subjects which correlates with the other
studies .We observed a highly significant decrease
in Serum Uric Acid in diabetics when compared with
pre diabetics.

Serum Uric Acid levels tend to increase in pre
diabetics and decrease in diabetics which correlates
with the other studies. Even though we observed an
increase in BMI in diabetics when compared with
control subjects, Serum Uric Acid was found to be
significantly decreased in diabetic subjects. The Pre
CIS study [32] has shown that uric acid levels are
increased in patients with hypertension and diabetes
and the results of our study do not support this
study.

Possible mechanisms behind the interaction
between glucose load and uric acid levels in patients
with insulin resistance may involve a reduction in
the synthesis of uric acid, altered excretion of uric
acid, or an increase in consumption of uric acid as
an antioxidant.

The relationship between serum uric acid and
fasting glucose levels is a picture of counteracting
forces, with a bellshaped relationship.

Conclusion

From the observations of our study it can concluded
that the serum uric acid level was higher in pre-
diabetes than controls and lower in diabetes mellitus
than pre-diabetes and control subjects .The uric
acid may serve as a marker for deterioration of
glucose metabolism. Pre-diabetics were at higher
risk of developing uric acid related complications
like gout etc.

Limitations: This study was a cross-sectional study
and the sample size in prediabetics is very small
(n=16). A large sample size and a longitudinal study
may help to elucidate the impact of Uric acid and
BMI on Type II diabetes. Our study did not consider
the duration of diabetes which may have a definite
role on serum uric acid levels. Further analysis using
measures of Insulin resistance might determine the
exact cause of change in uric acid levels in pre
diabetes and diabetes. Further studies are needed
to assess the longitudinal relationship between BMI
and uric acid in relation to cause and effect.
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Summary: Serum Uric Acid levels tend to increase
in pre diabetics and decrease in diabetics. Even
though we observed an increase in BMI in diabetics
when compared with control subjects, Uric Acid was

found to be significantly decreased

in diabetic

subjects.
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