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ABSTRACT… Background: To determine the possible correlation between raised serum
uric acid and various components of metabolic syndrome (Waist circumference, serum
triglyceride, plasma HDL-C). Study Design: Descriptive case control. Setting: Army Medical
College laboratory, Military Hospital, Rawalpindi. Period: One year (November 2014 to October
2015). Material and Methods: Total of 100 subjects were enrolled in this study. WHO criteria
were applied for identifying the patients of metabolic syndrome. Fasting plasma glucose,
lipid profile and serum uric acid levels were measured by using colorimetric enzymatic
method. The formula of Homeostasis Model Assessment-Insulin Resistance (HOMA-IR) was
applied to calculate Insulin resistance. Collected data was analyzed by using SPSS- Window
version-17 for statistical analysis. Results: Serum uric acid levels were turned out to be high in
metabolic syndrome patients (cases= 6.1±1.3mg/dL) when compared with controls (having
no symptoms of MetS=3.6±1.2; p<0.001). Uric acid showed a statistically significant positive
association with waist circumference (WC=r-value:0.250; p-value:0.000) and serum triglyceride
(TG=r-value:0.341; p-value:0.000). Negative correlation had been found between plasma
high-density lipoprotein-cholesterol (HDL-C=r-value: -0.173; p-value:<0.01) with uric acid
levels. Conclusion: Serum uric acid levels show a significant association with components
of metabolic syndrome making it a powerful biomarker of metabolic syndrome and its various
cardiometabolic complications.
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INTRODUCTION
Uric acid (product of purine nucleosides
degradation) plays a major role in protecting the
erythrocyte membrane from lipid peroxidation
as it destroys the free oxygen radicles.1 Apart
from its antioxidant property of uric acid, its
abnormal raised levels crystallize in joints
resulting in gouty arthritis.2 Moreover, gout is
also associated with various cardiometabolic
diseases like hypertension, diabetes, CV
diseases and metabolic syndrome.3 Increased
prevalence of metabolic syndrome have been
found in patients of hyperuricemia as compared
to healthy population.4 Metabolic syndrome
also known as “Syndrome-X” is a cluster of
various abnormalities including abdominal
obesity, arterial hypertension, increased risk of
clotting, impaired fasting glucose and abnormal
cholesterol levels.5,6 These physiological and
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anthropometric abnormalities occurring together
in a metabolic syndrome patient are the major
risk factor in developing chronic cardiometabolic
diseases like stroke, diabetes mellitus and heart
diseases.7,8 Moreover, the risk of developing
cardiovascular diseases rises to 2-fold if serum
of metabolic syndrome patients have raised
uric acid levels.9 The hallmark of both metabolic
syndrome and hyperuricemia is obesity, which
is an epidemic of 21st century.10 Apart from
inflammatory cytokines like TNF-alpha and IL-6,
increased adipose tissue also secretes several
adipokines (leptin, adiponectin and resistin).
Some of these, effects insulin sensitivity by acting
on insulin signaling and molecules involved in
glucose metabolism.11 These adipocytokines
also impair the action of insulin on target organs,
so body uses insulin less effectively than normal
leading to insulin resistance. If insulin resistance
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persists, pancreases secrete more and more
insulin in response with resulting compensatory
hyperinsulinemia leading to glucose intolerance
and type 2 diabetes.12 Considered as the rising
disease of 21st century and high prevalence of
metabolic syndrome in gout patients, the present
study has been designed to find the serum uric
acid levels in metabolic syndrome and targets
to establish the possible correlation between
hyperuricemia and various components of
metabolic syndrome.
MATERIAL AND METHODS
This research was carried out at Army Medical
College, Rawalpindi in a time period of one year
(November 2014 to October 2015) after getting
permission from the Ethics Committee (institute
also funded this research project). This case
control study comprised of a sample size of
100 subjects (50 of each cases and controls)
were enrolled from its affiliated Military Hospital
laboratory (written consent of participant was
also taken). Inclusion criteria was based on World
Health Organization (WHO) criteria for metabolic
syndrome in which all patients must have insulin
resistance (IR) with 2 additional abnormalities:
1. BMI > 25 kg/m2 or waist-hip ratio > 0.85 in
women and > 0.9 in men.
2. High blood pressure ≥ 140mm Hg systolic or
≥ 90 mm Hg diastolic.
3. Serum Triglyceride ≥ 1.7mmol/l.
4. Serum HDL-cholesterol <1.0 in women and
<0.9 in men.
The participants were excluded if they were
taking lipid lowering, antihypertensive, antidiabetic, oral contraceptive (female) drugs or
any medication that low the serum uric acid
levels. Sociodemographic data was entered on
a structured Performa along with the complete
history of each participant. At the same time,
anthropometric indices were measured: height (in
cm with a standardized measuring chart), weight
(in kg with a standardized scale without shoes)
and blood pressure (mean of 2 readings at an
interval of five minutes by sphygmomanometer).
Body mass index (BMI) was calculated by the
formula = weight (kg) / height (m2). For laboratory
analysis, 12 ml of overnight fasting (atleast 12
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hour) venous blood sample was collected under
sterile conditions and equal amounts were
transferred to a plain vacutainer for serum analysis
and EDTA tube for plasma analysis (participants
were advised to take a preferably vegetable diet
in previous three days). After centrifugation for
15 minutes at 2200-2500 RPM (revolution per
minute), routine investigations were done on
the same day while the serum was stored at -20
0
C, until the analysis of insulin. Plasma glucose,
serum uric acid, serum triglyceride (TG), plasma
high density cholesterol (HDL-c) were estimated
on fully automated chemistry analyzer -Selectra-E
(controls were run with each run) by the enzymatic
colorimetric method (Globe diagnostic kits).
Serum insulin was measured by solid phase,
enzyme labeled chemiluminescent immunometric
assay on Access-2 immunoassay-Beckman
Coulter (Siemens kit). Insulin resistance was
measured by using the formula of Homeostasis
Model Assessment-Insulin Resistance: HOMAIR = (fasting plasma glucose (mmol/l) ×fasting
plasma insulin (µIU/ml)/ 22.5 (Value > 2.5 was
considered as evidence of insulin resistance).
Statistical Package for the Social Sciences
(SPSS) Windows, version-17 was applied to
analyze the collected data. Descriptive data was
described as mean and standard (mean±SD).
Correlation analysis of serum uric acid with the
various components of MetS was done using
Spearman correlation method (p-value < 0·05 was
considered to indicate statistical significance).
RESULTS
Among the MetS patients, male; female ratio was
(56%:44%). Out of subjects who were taken as
control, ratio was (52%:48%). Most of the MetS
group were those of having impaired fasting
glucose (IFT) and only a few included suffered
impaired glucose tolerance (IGT). MetS patients
were obese (increased BMI, WC and WHR), insulin
resistant-measured by HOMA-IR (raised fasting
plasma glucose and insulin) and dyslipidemia
(raised levels of serum TG, decreased levels of
plasma HDL-c). Serum uric acid levels were raised
in metabolic syndrome patients as compared
to controls (cases= 6.1±1.3mg/dL: 3.6±1.2;
p<0.001).
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As shown in Table which summarized the
correlation between uric acid with MetS
components. Uric acid showed a statistically
significant positive correlation with waist
circumference and serum triglyceride. Fasting
plasma glucose also exhibit positive association
with uric acid (statistically significant but not
as strong showed by TG and WC). Negative
correlation had been found between plasma
high-density lipoprotein-cholesterol and uric acid
levels.
Component of
Metabolic Syndrome

Pearson
Coefficient (r)

P-Value

Serum Triglyceride
(TG, unit: mmol/l)

0.341

0.000

Plasma High density
lipoprotein cholesterol
(HDL-c, unit: mmol/l)

-0.173

<0.001

Waist circumference
(WC, unit: cm)

0.250

0.000

Fasting plasma
Glucose (mmol/l)

0.085

0.029

Table-I. Pearson Correlation coefficient (r) of serum
uric acid with various components of Metabolic
syndrome

DISCUSSION
In this study, raised serum uric acid levels were
observed in metabolic syndrome patients in
addition to other biochemical abnormalities like
insulin resistance and atherogenic dyslipidemia.
These results are in compatible with various
epidemiologic cross-sectional studies showing
raised uric acid in Metabolic syndrome
patients.13,14 Previous studies based on the serum
antioxidant capacity of uric acid, suggested that
the raised uric acid in metabolic syndrome might
be the defensive reaction of body to protect the
RBC membranes against the increased oxidative
stress.15,16 Hyperuricemia not only act as a
separate determinant of MetS but also act as a
risk factor for atherosclerosis and CV events.17
Studies have established an association between
hyperuricemia with metabolic syndrome18,19
and found 30% to 41% prevalence of metabolic
syndrome in patients suffering from gout.20
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This study also explored the association between
hyperuricemia and various components of
metabolic syndrome. It has been suggested that
hyperuricemia is a risk factor for cardiovascular
heart diseases as it causes abdominal obesity,
dyslipidemia, raised blood pressure and plasma
glucose, which are also components of metabolic
syndrome.21 In our study, the data result showed
a strong correlation between hyperuricemia
and serum triglyceride. Several other studies
supported this association too.22,23 Raised levels
of both serum uric acid and triglyceride are
linked to the development of Mets, numerous
studies gave the explanation that as glycolysis
is controlled by insulin, so uric acid might show
some link to glycolysis too.24,25
This study also established a strong positive
association between uric acid and waist
circumference. Studies done in the past support this
association and documented that obese subjects
with raised BMI showed raised uric acid levels in
addition to classical manifestations of metabolic
syndrome.2 Underlying pathophysiology might be
renal damage leading to renin-angiotensin and
glomerular dysfunction that occur due to certain
adipocytokines secreted by adipose tissues.26,27
Moreover, some studies suggest that obstruction
in synthesis and excretion of urate protein might
be the main reason of raised uric acid levels in
obese individuals.28 Supported by the study done
on a large number of population, an inverse
association had been observed between UA
and HDL-c in this study.1 In another study, this
inverse association was also observed and also
explained that depressed HDL-cholesterol levels
in MetS are due to insulin resistance which occur
both in hyperuricemic and patients suffering from
metabolic syndrome.29
Last association (not significantly that strong
as TG, WC and HDL-c) has been established
between raised uric acid and fasting plasma
glucose. Study done in Japan on a large number
of populations demonstrated more prevalence
of type-2 DM in hyperuricemic patients.8 Insulin
resistance is the hidden biochemical abnormality
in both diabetic and hyperuricemia patients.
30,31
Moreover, uric acid act as independent risk
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factor for developing diabetes apart from insulin
resistance as supported by a 10-year follow-up
study.32 Studies have been documented which
did not not show any or even inverse association
between uric acid and type 2 diabetes.33,34,35
CONCLUSION
Serum uric acid shows a significant correlation
with components of metabolic syndrome making
it a potent biomarker of diagnosing metabolic
syndrome patients in coming years.
Pakistan is country of growing population with
high prevalence of MetS, this new biomarker
(uric acid) will not only help to sort out the
high-risk asymptomatic population, but also to
plan, implement and improve the preventive
and treatment strategies against various
cardiometabolic complications (type-2 DM,
stroke and cardiovascular diseases) associated
with this syndrome.
Copyright© 21 March, 2019.
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