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ABSTRACT
The aim of the study is to review the association between diabetes Mellitus and serum uric acid levels. The objective is to review
how uric acid level is related to diabetes Mellitus. Diabetes is an increasingly important disease globally. New data from IDF showed
that there are 336 million people with diabetes in 2011 and this is expected to rise to 552 million by 2030. It has been suggested
that, diabetic epidemic will continue even if the level of obesity remains constant. The breakdown of foods high in protein into
chemicals known as purines is responsible for the production of uric acid in the body. If there is too much of uric acid in the body it
causes variety of side effects. Thus identifying risk factors of serum uric acid is required for the prevention of diabetes. The review
was done to relate how serum uric acid level is associated with the risk of diabetes.
Keywords: Diabetes, Serum Uric Acid Level and purine.

INTRODUCTION

D

iabetes mellitus, commonly known as diabetes, is
a group of metabolic disease in which there are
high blood sugar levels over a prolonged period of
time. It is a group of disorders characterized by chronic
hyperglycemia associated with disturbance of
carbohydrate, protein and fat metabolism due to
absolute or relative deficiency of insulin secretion or its
action.1 Identifying the risk factors for the development
of diabetes is essential for its screening and prevention.2
For sometime it has been recognized that serum uric acid
,an end product of purine metabolism is positively
associated with serum glucose levels in healthy subjects
with pre diabetes and early diabetes. The normal range
for serum uric acid is 2.4 - 7.4 mg/dl in males and 1.4 - 5.8
mg/dl in females. Furthermore, an elevated serum uric
acid level was found to increase the chances of
developing diabetes in individuals impaired with glucose
tolerance.3 Uric acid acts as a pro oxidant and thus it is a
marker of oxidative stress, but it may also have a
therapeutic role as an antioxidant. Urate, the soluble
form of uric acid, can scavenge the superoxide and the
hydroxyl radicals and it can chelate the transition metals.
Hyperuricaemia has been also added to the set of
metabolic abnormalities which are associated with insulin
resistance and / or hyperinsulinaemia in the metabolic
syndrome. Hypouricaemia has also been implicated in the
development of diabetic nephropathy.4 Several studies
had shown that the role of uric acid in the development
of diabetes is controversial. Therefore this review was
done to relate how serum uric acid level is associated
with the risk of diabetes.
Diabetes
Diabetes mellitus, commonly called as diabetes, is a

disorder in which one’s body does not make enough
insulin or not able to use normal amount of insulin
properly. Insulin is a hormone that regulates the amount
of sugar in blood. High blood sugar level will cause
problems in many parts of our body.5
Types of Diabetes
Type 1 diabetes
Type 1 diabetes generally occurs in children. It is also
called juvenile onset diabetes mellitus or insulindependent diabetes mellitus. In this type, our pancreas
will not be able to make enough insulin and the person
has to take insulin injections for the rest of life.6
Type 2 diabetes
Type 2 diabetes, which is more common, usually occurs in
people over 40 years of age and is called adult onset
diabetes mellitus. It is also called non insulin-dependent
diabetes mellitus. In Type 2, pancreas makes insulin, but
body doesn’t use it properly.
The high blood sugar level is often controlled by following
a proper diet and/or taking medication, although some
patients must take insulin. Type 2 diabetes is particularly
more prevalent among Africans, Indians, Latins and
Asians.6
Insulin Resistance
Insulin resistance (IR) is generally regarded as a
pathological condition in which the cells fail to respond to
the normal actions of the insulin hormone.
When the body produces insulin under the conditions of
insulin resistance, the cells in the body are resistant to
the insulin and are not able to use it as effectively,
leading to high blood sugar. Beta cells in the pancreas

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net
© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

101

Int. J. Pharm. Sci. Rev. Res., 39(1), July – August 2016; Article No. 20, Pages: 101-106

subsequently increase their production of insulin, further
contributing to a high blood insulin level. This often
remains undetected and can lead to Type 2 diabetes.7
Effect of Insulin Resistance
Insulin resistance often does not trigger any noticeable
symptoms, especially in the early phases. One could be
insulin resistant for many years without knowing,
especially if a person’s blood glucose levels aren’t
checked. Some people with insulin resistance may
develop a condition known as acanthosis nigricans. This
condition creates dark patches on the back of the neck,
armpits and groin. It also puts a person at higher risk for
type 2 diabetes. There is no cure for acanthosis nigricans,
but if the cause is treated, some of their natural skin color
may return. Insulin resistance may also damage blood
vessels without the person realizing it. This can increase
the risk of heart disease and stroke.8 If a person has
insulin resistance; they are at significant risk for
progressing to diabetes. The symptoms of type 2 diabetes
can be mild, so they may not know that they have the
condition until a doctor runs diagnostic tests on them.
The symptoms pertaining to diabetes are:-
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Uric Acid
Uric acid is a heterocyclic compound of carbon, hydrogen,
nitrogen and oxygen, with the formula C5H4N4O3. It forms
salts and ions known as urates and acid urates, such as
ammonium acid urate. Uric acid is the final product
obtained by the metabolic breakdown of purine
nucleotides. High blood concentrations of uric acid can
lead to gout and are associated with other medical
conditions including diabetes and the formation of
ammonium acid urate kidney stones.
Uric acid is the waste product that is normally found in
the blood. High amounts of uric acid in the blood can
cause crystal formation in the joints, leading to the
condition gout. However, only a small portion of people
with high uric acid levels are possibly to get gout.11
Researches have shown that there are strong links
between the uric acid levels and metabolic syndrome.
Studies in people with pre-diabetes and among elderly
people have suggested that high uric acid levels raise a
person’s chances of getting diabetes.
Uric Acid and Type 2 Diabetes



extreme thirst or hunger



feeling hungry even after a meal



frequent or increased urination



tingling sensations in hands or feet

People who had higher uric acid levels are more likely to
get type 2 diabetes. Uric acid is measured as milligrams
per deciliter. For every 1 milligram per deciliter increase
in uric acid, the risk of type 2 diabetes is increased by 20
percent in elderly people and by 15 percent in their
children.12



feeling more tired than usual

Hyperuricemia

Relation between Insulin Resistance and Diabetes
Insulin resistance increases the risk of developing type 2
diabetes and prediabetes. Prediabetes usually occurs in
people who already have insulin resistance.
Although insulin resistance alone does not cause type 2
diabetes, it often acts as the stage for the disease by
placing a high demand on the insulin-producing beta cells.
In prediabetes, the beta cells will not be able to produce
enough insulin to overcome insulin resistance, causing
blood glucose levels to rise above the normal range.9

Hyperuricemia is condition with increased uric acid levels
in the body. It is common in elderly, male patients.
Associated diseases and renal impairment can be found
frequently.13 It has been seen that hyperuricemia is
commonly associated with obesity, hypertriglyceridemia,
diabetes mellitus, development and progression of
14,15
16
coronary artery disease
and hypertension. Serum
Uric Acid is as independent risk factor for development
15
and progression of Coronary Artery Disease. Marked
hyperuricemia is known to cause acute renal failure via
17
intra renal crystal deposition.

Over the time, high blood glucose damages the nerves
and blood vessels, leading to complications such as heart
disease, kidney failure, blindness, stroke, and lower-limb
amputations.10

Hyperuricemia is associated with renal disease, but it is
usually considered a marker of renal dysfunction rather
than a risk factor for progression. Recent studies have
reported that mild hyperuricemia in normal rats induced
by the uricase inhibitor, oxonic acid (OA), results in
hypertension, intrarenal vascular disease, and renal
injury. This led to the hypothesis that uric acid may be a
true mediator of renal disease and progression.18

Studies have shown that most of the people with pre
diabetes develop type 2 diabetes within 10 years, unless
they change their lifestyle.

Male gender is associated with a more rapid progression
of renal disease independent of blood pressure, dietary
18
protein intake, or serum lipid levels.

Lifestyle changes include losing 5 to 7 percent of their
body weight—10 to 14 pounds for people who weigh 200
pounds and by making changes in their diet and the level
10
of physical activity.

Although hyperuricemia has long been associated with
renal disease, uric acid has not been considered as a true
mediator of progression of renal Disease. The observation
that hyperuricemia is commonly associated with other

Once a person has pre diabetes, the continued loss of
beta cell function usually leads to type 2 diabetes. People
with type 2 diabetes have high blood glucose.
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risk factors of cardiovascular and renal disease, especially
hypertension, has made it difficult to dissect the effect of
uric acid itself. However, recent epidemiologic evidence
suggests a significant and independent association
between the level of serum uric acid and renal disease
progression with beneficial effect of decreasing uric acid
levels. Furthermore, our experimental data using
hyperuricemic animals and cultured cells have provided
robust evidence regarding the role of uric acid on
progression of renal disease.
Recent data also suggest hyperuricemia may be one of
the key and previously unknown mechanisms for the
activation of the renin-angiotensin and cyclooxygenase-2
(COX-2) systems in progressive renal disease. Although
we must be cautious in the interpretation of animal
models to human disease, these studies provide a
mechanism to explain epidemiologic data that show uric
acid is an independent risk factor for renal progression.
Although there is no concrete evidence yet that uric acid
bears a causal or reversible relationship to progressive
renal disease in humans, it is time to reevaluate the
implication of hyperuricemia as an important player for
progression of renal disease and to try y to find safe and
reasonable therapeutic modalities in individual patients
based on their clinical data, medication history, and the
19,20
presence of cardiovascular complications.
Hyperuricemia is commonly associated with traditional
risk factors such as abnormalities in glucose metabolism,
dyslipidemia, and hypertension.
Hyperuricemia with Insulin Resistance
Despite the fact that many studies have demonstrated an
association between high serum uric acid and insulin
resistance, the causal effect between them has not been
fully explained. Uric acid – the end product of purine
catabolism – was found to be associated with
hypertension, obesity, dyslipidemia as well as
hyperinsulinemia.21 Those with higher serum uric acid
were associated with a higher prevalence of insulin
resistance even among normal fasting glucose and
normal glucose tolerance patients.21 Vuorinen Markkola
and Yki-Jarvinen22 indicated that serum uric acid level is
inversely correlated with insulin sensitivity, and uric acid
was suggested to play an important role in the function of
the b cell in patients with type 2 diabetes even in states
23
prior to hyperuricemia.
24

A large epidemiologic study also showed that high
serum uric acid levels had a positive correlation with
fasting serum insulin levels, and Tsouli25 have reviewed
the association between elevated uric acid and insulin
resistance.
Even though the association between hyperuricemia and
insulin resistance has been well demonstrated, the causal
effect between them should be further explored.
Carnethon26 revealed a significantly higher risk of
developing hyperinsulinemia with increased baseline uric
acid level in a follow-up study among nondiabetic

ISSN 0976 – 044X

participants. In a recent study, Krishnan27 also
demonstrated that those with hyperuricemia have 1.36
times the risk of developing insulin resistance in a 15-year
follow-up study. Furthermore, in a mice study, Baldwin28
demonstrated that lowering uric acid in obese mice can
reduce insulin resistance. All the data suggest that
hyperuricemia can be detected prior to the development
of hyperinsulinemia.
Although regarding the progressing causal effect of
insulin
resistance
leading
to
hyperuricemia,
hyperuricemia is usually the result of under- excretion of
urate,29 and the renal clearance of urate has been shown
to be inversely related to the degree of insulin
resistance.30 Moreover, hyperinsulinemia may decrease
uric acid clearance by the kidneys.31,32 Reaven33 attributed
the presence of hyperuricemia in metabolic syndrome to
a secondary response to hyperinsulinemia. The
association has been attributed to the effects of insulin
on proximal tubular urate transport of the kidney. In
addition, drug treatments for improving insulin sensitivity
34–37
were also shown to lower serum uric acid levels.
Therefore, one mechanism linking the association
between hyperinsulinemia with hyperuricemia is a
decrease of renal excretion of uric acid. Insulin can also
enhance renal tubular sodium reabsorption,32,38 which in
turn can reduce renal excretion of uric acid. Whatever the
mechanisms of insulin on the renal tubules, be it direct
stimulation of tubular ion exchange or acceleration of
cellular metabolism,39 insulin can modify the handling of
uric acid by the kidney, thus leading to hyperuricemia.
Nakagawa40 showed that uric acid blocked acetylcholinemediated arterial dilation, suggesting that uric acid can
impair endothelial function. Moreover, in mice studies,
endothelial nitric oxide synthase deficiency results in the
features of insulin resistance and metabolic syndrome41
because uric acid has been shown to reduce nitric oxide
bioavailability,42,43 and reducing endothelial nitric oxide
supply is a known mechanism for inducing insulin
44
resistance, hyperuricemia may thus have a key role in
the pathogenesis of insulin resistance.
In summary we have reviewed the evidence that insulin
may modify the handling of uric acid by the kidney, and
contribute to hyperuricemia and the evidence that
hyperuricemia may have a key role in the pathogenesis of
insulin resistance by blocking endothelial nitric oxide
supply. Thus, we speculate that hyperuricemia and insulin
resistance share bidirectional causal effects.
Hyperuricemia with Type 2 Diabetes
Hyperuricemia is a risk factor for type 2 diabetes, but the
causal association between them is controversial. A large
45
epidemiological study of Japanese adult men showed
that an elevation of serum uric acid levels increased the
risk of type 2 diabetes. Although obesity has been
recognized as a potential risk factor for type 2 diabetes,
some studies46–48 have documented high rates of type 2
diabetes in the absence of classical obesity among some
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populations. These results suggest that other
independent pathogenic factors may exist that could
contribute to the occurrence of type 2 diabetes, such as
hyperuricemia, and many studies27,49,50 have suggested
that elevated uric acid levels, hyperuricemia, or gout,
have associations with the development of type 2
diabetes.
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51

Dehghan demonstrated that serum uric acid is a strong
and independent risk factor for diabetes in a 10-year
51,52
follow-up study. Other studies
demonstrated a
significant linear regression between serum uric acid
levels and incident type 2 diabetes. However, diabetic
patients who continue to be hyperuricemic appear to be
at increased risk of developing diabetic complications,
especially renal disease.53 Although decreased kidney
function can be highly associated with hyperuricemia,
based on some epidemiological studies, hyperuricemia is
an independent risk factor for kidney dysfunction in
patients with diabetes mellitus. The causal association
between hyperuri- cemia and type 2 diabetes may be
mediated by kidney dysfunction as well as insulin
resistance. However, not all studies have reached the
same conclusion; a large prospective study54 did not show
an association between uric acid levels and type 2
diabetes, and an inverse association between serum uric
acid levels and diabetes mellitus has also been
observed.55,56
CONCLUSION
The present review clearly explains that the serum uric
acid level is directly proportional to the risk associated
with type 2 diabetes and even a small increase in uric acid
level causes a more than 10 times increase in the risk
associated with pre diabetes and type 2 diabetes, also
high uric acid level is associated with a higher prevalence
of insulin resistance, increased risk of cardiovascular
mortality and metabolic syndrome. It is clear that serum
uric acid level serves as an important biomarker for
impaired glucose metabolism and is found to be high in
patients with impaired renal function, also further
research should be attempted to investigate whether
serum uric acid levels can be used as a diagnostic test to
identify the presence of diabetes and in its early
prevention.
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