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ABSTRACT

Introduction: Metabolic syndrome (MetS) is the collection of interrelated metabolic abnormalities, including central obesity,
hypertension, dyslipidemia, and hyperglycemia, that together increase the risk of cardiovascular disease and type 2 diabetes.
The traditional serum uric acid (SUA) marker for gout has recently been implicated in MetS development. However, despite
growing international data, no research has been done in the Pakistani population to investigate this association.

Aims and Objectives: The objective of the study was to assess the association between serum uric acid levels and metabolic
syndrome in middle aged adults visiting tertiary care hospitals of Pakistan and to determine the gender distribution and
correlation of SUA with each component of MetS as well.

Methodology: It was a cross-sectional observational study in Liaquat University Hospital, Hyderabad/Jamshoro, from July 2022
to June 2023. There were 120 adults aged 40-60 years enrolled. Anthropometric measurements, blood pressure, fasting
glucose, lipid profiles, and serum uric acid levels were assessed. NCEP ATP Il criteria were used to define metabolic syndrome.
SPSS version 26 was used to analyze data with the application of t-tests and Pearson correlation analysis.

Results: This was found in 56.7% of the participants. Mean serum uric acid was significantly higher in the MetS group (6.8 + 1.1
mg/dL) than in non non-MetS group (5.3 £ 1.0 mg/dL, p < 0.001). A positive correlation was seen between serum uric acid and
waist circumference, systolic blood pressure, and triglyceride, and a negative correlation with HDL cholesterol. Gender-specific
analysis showed consistent associations.

Conclusion: Serum uric acid is strongly associated with metabolic syndrome and the degree of severity. SUA measurement
could be used to early identify persons at metabolic risk in Pakistan.
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INTRODUCTION

Metabolic syndrome (MetS) is now considered a major public
health problem worldwide, characterized by the combination of
interrelated metabolic risk factors that dramatically increase the
risk of cardiovascular diseases (CVD), type 2 diabetes mellitus
(T2DM), and all-cause mortality. MetS is defined as central obesity,
blood pressure, insulin resistance or hyperglycemia, triglycerides,
and low HDL cholesterol. . The syndrome is a result of the
interactions between genetic predisposition and environmental
factors and lifestyle habits like sedentary behavior, poor dietary
patterns, and urbanization. The prevalence of MetS in adults is
reported to be between 20 and 25 % globally by the International
Diabetes Federation, with considerable differences in prevalence
across regions and ethnic groups 2.

The prevalence of MetS is rising alarmingly in Pakistan in
parallel to the country’s rapid demographic and nutritional
transition. Prevalence has been reported in several local studies
from 18% to over 40% in middle-aged urban populations. The
reason for this rise is mostly due to rates of obesity, physical
inactivity, diets with excessive refined carbohydrates and fats, and
genetic susceptibility. Early identification and management of
individuals at risk of MetS is important, as Pakistan has a high
burden of non-communicable diseases °.

Serum uric acid (SUA) is among several emerging
biomarkers that have attracted attention as potential contributors to
the pathogenesis of MetS. In humans, purine metabolism ends
with uric acid, which is mainly excreted in the urine. Traditionally,
hyperuricemia has been linked to gout, however, there is recent
evidence suggesting that elevated SUA levels might also play a
role in the development of hypertension, insulin resistance,
endothelial dysfunction, and atherosclerosis, all of which are
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components or consequences of MetS. There have been
experimental studies showing that uric acid can induce oxidative
stress, promote inflammation, decrease nitric oxide production,
and activate the renin angiotensin system in a proatherogenic and
prohypertensive environment 4.

Hyperuricemia has consistently been reported to be
associated with MetS in epidemiological studies across different
populations, with elevated SUA levels being considered as an early
marker of metabolic disturbances. Nevertheless, the relationship is
complex, namely, hyperinsulinemia related to MetS can lower renal
excretion of uric acid, resulting in increased SUA levels. This is an
important clinical question: Is uric acid an innocent bystander or an
active player in the development of MetS? This relationship is
important to clarify for screening, prevention, and management
strategies 5.

Although studies have been carried out in developed
countries to establish the relationship between SUA and MetS,
there is a dearth of local research from Pakistan regarding the
association between SUA levels and MetS in middle-aged adults
who are at a high risk of cardiovascular and metabolic diseases.
Considering the ethnic, dietary, and socioeconomic diversity in
Pakistan, it is necessary to have population-specific associations
to develop effective screening protocols and public health
interventions. Additionally, as healthcare systems in Pakistan are
under growing strain from the growing burden of non-
communicable diseases, it would be useful to find inexpensive and
widely available biomarkers such as SUA to screen and manage
high-risk patients at an early stage "

Thus, this study aimed to evaluate the relation between
serum uric acid levels and metabolic syndrome among middle-
aged adults visiting tertiary care centers in Pakistan. Examining
this relationship is our way of adding to the evidence that uric acid
plays a role in MetS and will be useful local clinician data for
patient risk stratification and management. Our results may have
wider implications for preventive health strategies targeting the
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reduction of the cardiovascular and metabolic disease burden in
Pakistan 8.

MATERIALS AND METHODS

A cross-sectional observational study was carried out for a period
of one year from July 2022 to June 2023 at major tertiary care
centre of Pakistan, Liaquat University Hospital, Hyderabad,
Jamshoro. For the representation of both semi-urban and urban
populations and a wide range of middle-aged adults presenting for
routine outpatient clinics or non-emergency medical care, these
hospitals were chosen. The main aim of this study was to find the
association of serum uric acid levels with metabolic syndrome in
this target population.

A total of 120 middle-aged adults (40-60 years) were
enrolled by using consecutive non-probability sampling. Outpatient
visits were approached, and participants were recruited after
written informed consent was obtained. Adults of the specified age
range who were willing to be clinically examined and laboratory
tested were included as inclusion criteria. To eliminate potential
confounders, exclusion criteria were carefully defined, including a
history of gout, chronic kidney disease, liver disease, malignancy,
or use of medications that could affect serum uric acid levels,
including diuretics, allopurinol, or corticosteroids.

A detailed clinical assessment was carried out on the
participants. After standard procedures, weight, height, and waist
circumference were recorded. Measurements were made for
weight to the nearest 0.1 kg using a calibrated digital scale, height
using a wall-mounted stadiometer, and for waist circumference
halfway between the lower margin of the last palpable rib and the
iliac crest. Body mass index (BMI) was calculated as weight in
kilograms over height in meters squared (kg/m?).

Five minutes of rest were allowed in which to sit, and then
blood pressure  was  measured using a  mercury
sphygmomanometer after five minutes of rest, and the average of
two readings was recorded. After 8—12 hours of overnight fasting,
fasting blood samples were obtained. Fasting blood glucose, lipid
profile (triglycerides, total cholesterol, HDL cholesterol, and LDL
cholesterol), and serum uric acid levels were measured in
laboratory analysis. Serum uric acid was assayed enzymatically
and colorimetrically.

Metabolic syndrome was diagnosed using the National
Cholesterol Education Program Adult Treatment Panel Ill (NCEP
ATP lll) criteria, which define metabolic syndrome as the presence
of three or more of the following: waist circumference >102 cm in
men or >88 cm in women; blood pressure >130/85 mmHg or
current use of antihypertensive medications; fasting plasma
glucose =110 mg/dL or use of antidiabetic medications;
triglycerides =150 mg/dL; or HDL cholesterol <40 mg/dL in men or
<50 mg/dL in women.

SPSS version 26.0 was used to carry out statistical analysis.
Means and standard deviations were used to report continuous
variables, and frequencies and percentages were used to report
categorical variables. Continuous variables were compared
between the metabolic syndrome and non-metabolic syndrome
groups by using independent sample t-tests. The association
between serum uric acid levels and individual components of
metabolic syndrome was evaluated by calculating Pearson’s
correlation coefficients. Statistically significant was considered a p-
value <0.05.

The ethical review committees approved the current study.
The ethics of all procedures were carried out according to the
Declaration of Helsinki.

RESULTS

A total of 120 middle-aged adults (40-60 years) were enrolled in
the study, the group included 62 males (51.7%) and 58 females
(48.3%). Among these participants, 68 (56.7%) had metabolic
syndrome and 52 (43.3%) did not. The sample was divided into
two groups; the mean age of the entire sample was 51.3 + 5.5

years. The mean age was 51.7 + 5.3 years for males and 50.9 +
5.6 years for females (p = 0.42), so that there was no significant
difference between the age of males and females.

Detailed demographic, clinical characteristics of participants
are shown in Table 1, stratified by the presence or absence of
metabolic syndrome and by gender distribution. There was no
significant difference in gender distribution among the 68
participants with MetS (36 males, 52.9%) vs 32 females (47.1%)
and the 52 non-MetS participants (26 males, 50.0%) and 26
females (50.0%), (p = 0.75). Mean serum uric acid levels were
significantly higher (6.8 + 1.1 mg/dL vs 5.3 + 1.0 mg/dL; p < 0.001)
in the MetS group compared to the non-MetS group. Systolic blood
pressure, fasting glucose, triglycerides, and HDL cholesterol were
significantly different in the MetS group compared to the non-MetS

group.

Table 1: Demographic and Clinical Characteristics of Study Participants by
Metabolic Syndrome and Gender

Variable MetS Group | Non-MetS p-value
(n=68) Group (n=52)
Male, n (%) 36 (52.9%) 26 (50.0%) 0.75
Female, n (%) 32 (47.1%) 26 (50.0%) 0.75
Age (years) 52.4+5.1 50.2+5.6 0.04
Waist circumference (cm) 105.2+9.3 88.7+6.9 <0.001
Systolic BP (mmHg) 139+ 12 125+ 11 <0.001
Fasting glucose (mg/dL) 124 £ 19 98 + 15 <0.001
Triglycerides (mg/dL) 182 + 37 135+ 30 <0.001
HDL cholesterol (mg/dL) 368 51+9 <0.001
Serum uric acid (mg/dL) 6.8+1.1 53+1.0 <0.001

Table 1 shows the distribution of demographic and clinical
variables among participants with and without metabolic syndrome,
including gender breakdown, the MetS group as a whole displayed
significantly greater waist circumference, blood pressure, fasting
glucose, triglycerides, and serum uric acid, and less HDL
cholesterol than the group not affected by Mets.

Table 2 shows the strength and significance of correlations
between serum uric acid levels and individual metabolic syndrome
components. Table 2 shows that serum uric acid showed a
moderate positive correlation with the waist circumference (r =
0.44, p <0.001), systolic blood pressure (r = 0.38, p <0.001),
fasting glucose (r = 0.27, p = 0.003), triglycerides (r = 0.31, p =
0.001) and a negative correlation with HDL cholesterol (r = —0.35,
p <0.001).

Table 2: Correlation Between Serum Uric Acid Levels and Metabolic
Syndrome Components

Variable Pearson’s r p-value
Waist circumference 0.44 <0.001
Systolic BP 0.38 <0.001
Fasting glucose 0.27 0.003
Triglycerides 0.31 0.001
HDL cholesterol -0.35 <0.001

Table 3 illustrates serum uric acid levels stratified by the
number of metabolic syndrome components. Participants with zero
or one component had a mean serum uric acid level of 5.1 £ 0.9
mg/dL, which increased progressively to 7.0 + 1.2 mg/dL in
individuals with four or five components, demonstrating a
significant upward trend (p <0.001), as shown in Table 3.

Table 3: Serum Uric Acid Levels by Number of Metabolic Syndrome
Components

Number of MetS Mean Serum Uric Acid (mg/dL) + SD p-value
Components (trend)

0—1 components 51+0.9
2 components 56+1.0
3 components 6.3+1.1
4-5 components 7.0+1.2 <0.001

The results indicate that serum uric acid levels were higher
in males and females with metabolic syndrome than without and
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that uric acid was positively correlated with the degree of metabolic
abnormalities. Specifically, the association of hyperuricemia with
metabolic syndrome remained significant in both genders,
indicating that uric acid is a good marker of metabolic risk
irrespective of sex.

DISCUSSION

The goal of this study was to evaluate the association between
serum uric acid (SUA) levels and metabolic syndrome (MetS)
among middle-aged adults at tertiary care hospitals of Pakistan,
Liaquat University Hospital, Hyderabad/Jamshoro. The results
show a strong association between high SUA levels and the
presence of MetS, and therefore, SUA may also be a biomarker for
those stated to be at a higher metabolic risk °.

The prevalence of MetS in this study was 56.7%, which was
not too far from what has been reported in other Pakistani studies,
where the prevalence of MetS in middle-aged adults is about 40 —
60%. It is also very important to mention that the SUA levels were
significantly higher in the MetS participants compared to those
without, and in addition to that, this association is not dependent
on gender. Many international studies have found that MetS is
associated with hyperuricemia and that it may contribute to the
pathophysiology of MetS. This supports the evidence base in the
South Asian population, where such data have been sparse > ",

Notably, our results also showed that SUA levels were
positively correlated with the main components of MetS, waist
circumference, systolic blood pressure, fasting glucose, and
triglycerides, and inversely correlated with HDL cholesterol. These
associations imply that SUA may be more than a marker, and
could be a mediator in the genesis of metabolic disturbances 2.
Oxidative stress, inflammatory pathways, impaired endothelial
function, and renin-angiotensin system activation are induced by
uric acid, all of which may be important in hypertension, insulin
resistance, and dyslipidemia. Additionally, the observed dose-
response relationship, i.e., SUA levels increased progressively with
the number of MetS components, emphasizes the possible
contribution of SUA in indicating how much of the metabolic
derangement '3 4,

Gender analysis also revealed that SUA levels were slightly
higher amongst males, however, the relationship between MetS
and SUA was significant in both males and females. The
importance of this finding lies in that hyperuricemia is a relevant
metabolic risk factor in both sexes, and gender-specific cutoffs
may be needed in future clinical practice *°.

This study should be acknowledged for several limitations. A
limitation of the cross-sectional design is that it does not allow one
to conclude whether elevated SUA levels predate the development
of MetS or if they develop because of MetS. The second is that
although the sample size was sufficient for preliminary analysis,
the study was conducted on a relatively small scale, and larger
multi-centre studies would strengthen the generalizability of these
results. Third, the dietary habits, physical activity, and alcohol
intake, as well as the genetic factors that can influence SUA levels,
were not assessed in detail and should be included in future
studies 6.

However, the study provides important lessons for clinical
practice in Pakistan. As serum uric acid testing is simple,
affordable, and available for widespread use, it may be a useful
adjunct in the early detection of those at risk for MetS to avoid
cardiovascular and metabolic complications by early lifestyle
modification and medical interventions 7.

CONCLUSION

Finally, this study determined that serum uric acid levels are
significantly associated with the presence and severity of metabolic
syndrome in middle-aged adults who are attending tertiary care
hospitals in Pakistan. Similar to our previous findings in elderly
men, both men and women with MetS had elevated SUA, and SUA
was highly correlated with several key metabolic parameters (waist
circumference, blood pressure, fasting glucose, triglycerides), as
well as inversely related to HDL cholesterol. Furthermore, serum
uric acid may be a valuable, low-cost biomarker for identifying
individuals at heightened metabolic risk. Prospective studies are
recommended to further elucidate uric acid's causal role in
metabolic syndrome and to determine the effect on metabolic
outcome of intervention that lowers SUA.
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