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Abstract

Original Article

IntRoductIon

Uric acid is commonly thought to be an inert waste product 
from purine metabolism. It is synthesized mainly in the liver, 
intestines, and other tissues such as muscles, kidneys, and 
the vascular endothelium as the end product of an exogenous 
pool of purines (derived largely from animal proteins), and the 
endogenous pool derived from live and dying cells degrading 
their nucleic acids, adenine, and guanine into uric acid.

Until in the early 1800s, it was discovered that an increased 
serum uric acid (SUA) level was the cause of gout.[1] 
Subsequently, associations of uric acid concentration with 
cardiovascular and renal disorders were also observed.[2] 
Recently, uric acid has been associated with the emergence of 
metabolic syndrome (MetS), a conglomeration of risk factors 

for development of cardiovascular disease and type 2 diabetes. 
Experimental studies have suggested that uric acid may 
penetrate vascular smooth muscle fibers through an organic 
anion transport system, followed by activation of multiple 
signal transduction pathways, which culminate in increased 
expression of inflammatory mediators. The consequences 
are a rise of arterial pressure, vascular smooth muscle cell 
hypertrophy, and hypertension.[3,4] In addition, soluble uric 
acid induces vascular endothelial cell dysfunction, namely, 
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alteration of cell proliferation and induction of cell senescence 
and apoptosis, via activating the renin-angiotensin system 
(a hormone system responsible for regulating plasma sodium 
concentration and arterial blood pressure) and triggering 
reactive oxygen and nitrogen species and endoplasmic 
reticulum stress.[5-7]

An elevated SUA is also one of the best independent predictors 
of diabetes and commonly precedes the development of 
both insulin resistance and type 2 diabetes, as noted in a 
meta-analysis of prospective cohort studies[8] and in a recent 
critical review.[9]

However, data regarding the prevalence of uric acid problems 
and its correlation with various anthropometric and metabolic 
parameters are scanty. In this background, we undertook this 
study in a rural population.

MateRIals and Methods

A population-based observational study was undertaken to 
compare the parameters of metabolic health (anthropologic 
and biochemical) between tribal and non-tribal population in 
a rural area in the District of Birbhum, West Bengal, India, in 
collaboration with Palli Sangathan Bibhagh (PSV), Sriniketan, 
Visva-Bharati. The results presented herein are part of the data 
collected in the aforementioned study. Clearance from the 
Institutional Ethics Committee was obtained, and the study was 
conducted in accordance with the guidelines of the Helsinki 
Declaration. We selected areas with high concentration 
of tribal population and continued consecutive sampling 
till 205 samples were collected from the tribal population 
though 200 samples were targeted initially. And a sample of 
200 consecutive population from the same or neighborhood 
areas not belonging to the tribal population was also selected. 
Thus, 405 individuals including both the tribal and non-tribal 
population were included in the study to make it an appropriate 
representation of rural population of West Bengal. The sample 
size was chosen on the basis of available resources. A health 
camp was organized with prior information to all eligible 
healthy participants of the area within the age group of 18 to 
60 years. The participants were explained about the study in 
the rural health camp. Individuals were included in the study 
only if they agreed to give informed written consent and did 
not have any evident, definite or documented chronic infective 
or inflammatory disorder. History of addiction, including 
tobacco and alcohol, was documented. Anthropometric 
data including height, weight, waist circumference, and hip 
circumference were measured by trained personnel obeying 
the standard procedure of measurement as described below. 
Blood pressure was measured using standard methods in 
right arm sitting posture by an aneroid manometer. Body 
mass index (BMI) was calculated by standard method. 
Height was measured (to ±0.1 cm) in all included patients at 
baseline using a wall-mounted stadiometer. Body weight was 
measured (to ±0.1 kg) with the individuals wearing light indoor 
clothing and without shoes, using an calibrated electronic scale. 

BMI was calculated as weight in kilograms divided by the 
square of height in meters (kg/m2). Waist circumference was 
measured at the end of a gentle expiration midway between 
the lower rib margin and iliac crest, with the patient standing 
with feet 23-30 cm apart. Hip circumference was measured 
at the level of maximum extension of the buttocks, at the 
same level all around the body with feet together. Waist to 
hip ratio (WHR) was calculated as a measure of the truncal 
obesity. Blood samples were collected for biochemical tests 
in overnight fasting state in camps to which participants came 
in the early morning hours. Part of the sample was allowed 
to clot and serum was separated by centrifuging on site, and 
samples were immediately sent for biochemical examination 
at a NABL accredited laboratory (appropriately transported on 
dry ice) for measurement of fasting serum insulin, creatinine, 
lipid profile, uric acid, alanine transaminase (ALT), aspartate 
transaminase (AST), alkaline phosphatase, calcium, phosphate, 
iPTH, and 25-hydroxy vitamin D3. Rest of the blood 
sample collected were anticoagulated with EDTA for fasting 
blood sugar (FBS) and glycated hemoglobin (HbA1c). The 
samples were analyzed using standard laboratory procedure. 
Diabetes was defined as per the standard diagnostic criteria 
satisfying either FBS or HbA1c. The presence of MetS was 
ascertained using the consensus criteria by International 
Diabetes Federation (IDF) criteria along with American Heart 
Association (AHA) and National Heart, Lung, and Blood 
Institute (NHLBI). Lean MetS was defined as those having 
waist criteria below the region specific waist criteria (80 cm 
for females and 90 cm for males) and even then satisfying the 
definition of MetS as per the National Cholesterol Education 
Program (NCEP) ATP-III (Adult Treatment Panel) criteria (at 
least three criteria). Obese MetS was similarly defined as 
those having satisfied the MetS criteria as well satisfying the 
region specific waist circumference criteria as defined in the 
IDF criteria.[10]

All analyses were conducted using SPSS (2012, version 21.0.0.0). 
Continuous data are presented as the mean ± standard deviation 
(if normally distributed) or median (interquartile range, if 
skewed), and categorical variables are presented as proportions. 
Correlations were calculated by Pearson’s correlation test for 
normally distributed data and by Spearman’s correlation test 
for data that were not normally distributed.

Comparison between multiple means was done by one-way 
analysis of variance (ANOVA). Post hoc analysis was done 
by Bonferroni method.

Uric acid was measured by spectophotometric uricase methods 
(normal range = 2.6–6.0 mg/dl).

Results

Four hundred and five individuals were included in the study, 
of whom 205 persons (50.62%) were from tribal population 
in distant rural areas and 200 persons (49.38%) were from the 
non-tribal population from rural/semi-urban areas; of these 
405 persons, 232 were females (57.28%) and 173 were males 
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(42.72%) (range = 18-60 years). The mean (±SD) age was 
38.5 years ± 11.74 years.

The participants were evaluated for several anthropometric and 
biochemical parameters, and test of normality was applied to 
the data obtained.

Table 1 shows the baseline demographic variables for the 
parameters, which had normal distribution, and Table 2 shows 
the variables for the parameters, which were not in normal 
distribution.

The uric acid measured in the study had a mean 
4.2 mg/dL (±1.35): for the male population = 4.9 mg/dL 
(±1.28) and female = 3.7 mg/dL (±1.14). Seventy people out 
of 405 (17.2%) had uric acid level of less than 3.0 mg/dL 
and 13 of 405 people (3.2%) found to have uric acid level of 
more than 7.0 mg/dL. And eight people out of 405 (2.0%) had 
hypouricemia (uric acid level of less than 2.0 mg/dL).

The number of persons who were found to have Obese 
MetS (N = 75, 18.5%), Lean MetS (N = 38, 9.4%), and people 
who do not have either of the MetS criteria (N = 292, 72.1%). 

However, if we consider the lean MetS prevalence among the 
lean population, the prevalence increases to 12.8% (N = 296).

Table 3 shows the correlation of uric acid with various 
clinico-biochemical parameters which were normally 
distributed, and Table 4 shows the correlation of uric acid with 
various other clinico-biochemical parameters which were not 
normally distributed.

The SUA showed correlation with age, blood pressure 
(systolic and diastolic), and the anthropometric parameters 
for obesity, for example, weight, BMI, waist circumference, 
waist hip ratio, waist height ratio, and the surrogate of insulin 
resistance, namely, fasting insulin and HOMA-IR; it did 
not show any correlation with other parameters commonly 
associated with obesity, for example, fasting plasma glucose 
and 25-hydroxy vitamin D3 level. However, glycated 
Hb and lipid parameters, for example, total cholesterol, 
high-density lipoprotein (HDL)-cholesterol and low-density 
lipoprotein (LDL)-cholesterol, and triglycerides, were found 
to be correlated with SUA. The parameters associated with 
calcium homeostasis, for example, serum calcium, phosphate, 
25-hydroxy vitamin D3, and iPTH level, did not correlate 
with SUA.

Table 5 shows difference of SUA level between normal or Non 
MetS population and MetS population, which is significant 
(4.1+ 1.29 vs. 4.7+1.42). Hence SUA is significantly higher 
in presence of MetS. 

Table 6 shows the correlation of uric acid level with various 
categories of MetS as defined earlier for the parameters, which 
were normally distributed.

SUA has been correlated well with most of the parameters 
associated with obesity in this study. In addition, the SUA has 
also been correlated with components of MetS. However, the 
SUA was not significantly different between Non-MetS and 
Lean MetS (P = 0.44). And the uric acid level was also not 
significantly different between groups of Obese MetS and Lean 
MetS (P = 0.50). Nonetheless, the uric acid level was found to 
be significantly different between Non-MetS and Obese MetS 
(P < 0.0005). This probably signifies that the overall adiposity 
as is reflected in the BMI is more important than in relation to 
the SUA rather than the MetS itself as defined by the current 
NCEP-III criteria.

dIscussIon

SUA and MetS have been investigated in many studies 
and found to have an association as was also noted in our 
study.[11-13]

Hyperuricemia is both causative and protective in disease. 
The causative link between hyperuricemia and disease is 
clearest for gout, and associations have been documented 
for some other comorbidities, for example, hypertension, 
chronic kidney disease, and diabetes. Hyperuricemia has a 
dramatically different, protective effect in neurodegenerative 

Table  1: Baseline parameters  (normally distributed) n=405

Parameters Mean Standard deviation
Age (years) 41.5 11.74
Systolic BP (mm of Hg) 124 13.5
Diastolic_BP (mm of Hg) 80 7.0
Weight (kg) 54.0 11.87
Waist circumference (cm) 76.6 12.38
Waist hip ratio 0.88 0.10
Waist height ratio 0.49 0.07
BMI (kg/m2) 22.33 4.52
Fasting plasma glucose (mg/dL) 110 37.0
HbA1c (%) 5.7 1.16
25-Hydroxy vitamin D3 (ng/mL) 19.3 7.74
Calcium (mg/dL) 9.54 3.93
Phosphorus (mg/dL) 3.32 0.56
Cholesterol (mg/dL) 173 40.4
HDL Cholesterol (mg/dL) 46 13.4
LDL Cholesterol (mg/dL) 104 32.3
Creatinine (mg/dL) 1.0 2.48
Uric Acid (mg/dL) 4.2 1.35
HOMA IR 2.84 2.19

Table  2:  Baseline  parameters  (not  normally  distributed) 
n=405

Parameters Median IQR
TSH (mIU/mL) 2.44 1.63-3.65
FT4 (ng/dL) 1.04 0.93-1.15
ALT (U/L) 41.0 32.0-54.0
AST (U/L) 29.0 23.0-37.5
Alkaline Phosphatase (U/L) 100.0 84.0-121.0
iPTH (pg/mL) 52.3 35.6-76.2
Triglycerides (mg/dL) 108.0 80.0-150.0
Fasting Insulin (U/L) 7.86 4.78-12.05
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disease, including Parkinson’s disease, multiple sclerosis, and 
Alzheimer’s disease/dementia.[14]

Vitamin D deficiency, a major public health problem worldwide, 
is associated with hyperuricemia but casual association is 
questionable. Moreover, clinical studies have uncovered a 
significant association between parathyroid hormone (PTH) 
and uric acid level in humans. Hyperuricemia has been found 
in patients suffering from hyperparathyroidism.[15,16] It is 
conceivable that vitamin D deficiency leading to secondary 
hyperparathyroidism may have a contributory role in elevation 
of SUA. In fact, some study had suggested that the role of uric 
acid–induced inflammation might be mediated by the elevated 
PTH associated with low vitamin D.[17] In our study, while the 
mean 25-hydroxy vitamin D3 was found to be low with slightly 
elevated iPTH level, however, no association of SUA with the 
two parameters have been found.

Overt and subclinical hypothyroidism has been found to 
be associated with elevated SUA. The hyperuricemia was 
attributed to decreased renal plasma flow and impaired 
glomerular filtration.[18]

We have included the estimation of Free T4 and 
thyroid-stimulating hormone (TSH) measurement to rule out 
thyroid disease as an important and common confounding 
agent. The data from our study showed that while there is a 
correlation of SUA with Free T4 level, the correlation is lacking 
with the TSH level. This observation of association of Free T4 
with SUA in an euthyroid population has been documented 
earlier in another study.[19]

SUA has been found to be associated with serum triglycerides 
in a number of studies on healthy participants.[20-22] And 
in those studies, it has been observed that SUA also had 
association with hypertension, insulin resistance, and so on 
and there is a clustering of risk factors as SUA increases, 
suggesting probably the emergence of MetS. In a small 
number of studies, however, there has been an association 
additionally with LDL-cholesterol and a negative association 
with HDL-cholesterol.[20] In our study, we found a positive 
association with triglycerides and LDL-cholesterol and a 
negative one with HDL-cholesterol.

SUA has been found to be associated with altered liver function 
test, especially elevated ALT.[23] In our study, SUA is correlated 
with both AST and ALT. In fact, in anotherstudy, hyperuricemia 
has been found to be independently associated with hepatic 

Table 4: Correlation of uric acid with various parameters 
(not  normally  distributed) n=405

Correlation Significance
TSH (mIU/mL) 0.043 NS
FT4 (ng/dL) 0.159 <0.05
ALT (U/L) 0.283 <0.05
AST (U/L) 0.208 <0.05
Alkaline Phosphatase (U/L) 0.159 <0.05
iPTH (pg/mL) 0.065 NS
Triglycerides (mg/dL) 0.273 <0.05
Fasting Insulin (U/L) 0.204 <0.05
HOMA-IR 0.135 <0.05
P<0.05 considered as statistically significant, P computed by Spearman’s 
correlation test

Table 6: Comparison of relevant parameters in the different MetS categories

Parameter Non MetS (292/405) Lean MetS (38/295) Obese MetS (75/405) Significance
Uric Acid 4.1±1.29 4.4±1.28 4.8±1.48 <0.05
Comparison was done by one-way ANOVA. Post hoc analysis by Bonferroni test showed that the uric acid level was not significantly different between 
Non MetS and Lean MetS (P=0.44). And the uric acid level was also not significantly different between groups of Obese MetS and Lean MetS (P=0.50). 
However, the uric acid level was significantly different between Non MetS and Obese MetS (P=<0.0005). Lean MetS was defined as those not clearly 
having the waist circumference, the region specific waist criteria (80 cm for females and 90 cm for males), and even then satisfying the definition of MetS 
as per the NCEP ATP-III criteria (at least three other component criteria)

Table 3: Correlation of uric acid with various parameters 
(normally  distributed) n=405

Parameters Correlation 
Coefficient

Significance

Age (years) 0.264 <0.05
Systolic BP (mm of Hg) 0.205 <0.05
Diastolic_BP (mm of Hg) 0.218 <0.05
Weight (kg) 0.471 <0.05
Waist circumference (cm) 0.464 <0.05
Waist hip ratio 0.331 <0.05
Waist height ratio 0.350 <0.05
BMI (kg/m2) 0.286 <0.05
Fasting plasma glucose (mg/dL) 0.091 NS
HbA1c (%) 0.124 <0.05
25-hydroxy vitamin D3 (ng/mL) -0.001 NS
Calcium (mg/dL) -0.013 NS
Phosphorus (mg/dL) -0.072 NS
Cholesterol (mg/dL) 0.191 <0.05
HDL Cholesterol (mg/dL) -0.149 <0.05
LDL Cholestrerol (mg/dL) 0.230 <0.05
Creatinine (mg/dL) -0.042 NS
P<0.05 considered as statistically significant, P computed by Pearson’s 
correlation test

Table 5: Comparison of  uric  acid  between Normal  and 
NCEP MetS category

Parameter Non MetS (292) MetS (113) Significance
Uric Acid 4.1±1.29 4.7±1.42 <0.05
Comparison was done by Students’s unpaired t-test
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steatosis regardless of BMI category or the presence of the 
MetS.[24]

SUA is intimately associated with obesity in many populations 
of young and the old,[25] and reduction of weight leads to 
reduced SUA.[26] In another study done on identical twins to 
nullify the contribution of the genetic factors, SUA was found 
to be significantly associated with BMI even after adjusting 
for genetic and family environment factors in both men and 
women.[27] In one particular study on healthy schoolchildren, 
waist circumference correlated better with uric acid levels than 
BMI,[28] which was also noted in our study.

In our study, it was noted that SUA was correlated with 
components of MetS. However, the SUA was not significantly 
different between Non-MetS and Lean MetS (P = 0.44). And 
the uric acid level was also not significantly different between 
groups of Obese MetS and Lean MetS (P = 0.50). Nonetheless, 
the uric acid level was found to be significantly different 
between Non-MetS and Obese MetS (P < 0.0005).

conclusIon

This study done in rural middle aged population showed 
moderate degree of correlation of statistical significance with 
many anthropometric parameters. SUA is elevated in MetS 
compared to the normal population. However, SUA in Lean 
MetS is not different from Obese MetS.
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