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ABSTRACT

Background: Hypertension is a major risk factor for cardiovascular events. Serum uric acid has
been implicated as a risk factor for development of cardiovascular diseases including hypertension.
Previous studies have found association between raised serum uric acid levels and primary
hypertension. There was always a debate if uric acid was raised due to complications of
hypertension or if uric acid was an independent risk factor for development of hypertension.
Objective: To assess the relationship between serum uric acid and hypertension independent of
renal function, obesity, diabetes, stroke and alcoholism. To assess the relationship between serum
uric acid and hypertension in whom the target organ damage has not yet appeared.

Methodology: This cross-sectional study was done in Sri Manakula Vinayagar Medical College
and Hospital. The study period was of 22 months from November 2012 to August 2014. The total
study population was 300 patients, of which 150 were cases and 150 were controls. The patients
were included if they satisfied the JNC 7 criteria for hypertension. And only those hypertensives
without end organ damage were included. Patients with secondary hypertension and those having
other conditions associated with hyperuricemia were excluded from the study.

Results: The study showed that serum uric acid levels were raised in patients with hypertension in
comparison to normotensives. The mean serum uric acid levels between patients with
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Conclusion:

to predict the development of hypertension.

hypertension and controls were 4.83 £ 1.72 and 3.92 + 1.28 mg/dl respectively with p value < .001.
The mean serum uric acid levels increased with the increase in the stages of hypertension. The
mean serum uric acid levels in prehypertension, stage 1 hypertension and stage 2 hypertension
were 3.99+ 1.13, 4.57+ 1.49, 5.50 + 1.97 mg/dI respe ctively.

These results indicate that serum uric acid is independently associated with
hypertension without other comorbid conditions. Serum uric acid is elevated in hypertensives even
in absence of target organ damage. Thus, in future it may be used as an early biochemical marker

Keywords: Serum uric acid; primary hypertension; JNC 7; hyperuricemia.

1. INTRODUCTION

Hypertension as the name suggests is a chronic
disease in which the blood pressure is elevated.
The prevalence of hypertension is on an
increasing trend worldwide. Currently the global
prevalence of hypertension is estimated to be
around 1 billion. And also as the prevalence of
hypertension is increasing globally, its worldwide
prevalence is estimated to touch 1.5 billion by
2025 [1]. In other words, approximately with one-
quarter of adult population suffering from
hypertension, it can be said to have reached
epidemic proportions.

Hypertension is a major risk factor for stroke,
myocardial infarction, cardiac failure, aneurysm
of the arteries and chronic kidney disease. In fact
worldwide, hypertension can be considered the
most important preventable risk factor for
premature death. Current estimates indicate that
7.6 million premature deaths and 92 million
disability adjusted life years are attributable to
hypertension [2].

Around 8 decades back hypertension was an
unknown entity outside Europe and America, but
now in those regions the incidence of
hypertension is around 15 — 30% [3]. Earlier it
was suspected that the rise in incidence of
hypertension is due to ageing population. But
since the incidence of hypertension has also
risen in younger age groups, other factors are
suspected. Primarily changes in lifestyle and
associated environmental factors can be
considered.  Since increasing trend of
hypertension is also associated with increasing
incidence of obesity, Type 2 diabetes and end
stage renal disease which also have the above
mentioned risk factors. So their pathogenesis is
suspected to be interrelated [4].

Uric acid is the end product of purine
metabolism. It is a weak organic acid [5]. In the
body uric acid production is in balance with uric

acid excretion. Excessive deposition of uric acid
in the form of monosodium urate monohydrate
microcrystals the body leads to the development
of gout [6]. The enzymes that are involved in uric
acid production are also responsible for oxidative
stress. Research suggests that uric acid may
independently also be elevated in different
multifactorial disorders.

In various studies elevated serum uric acid was
found to be associated with cardiovascular
disease [7]. Serum uric acid is found to be
elevated in patients of coronary artery disease
usually associated with hypertension, diabetes
mellitus, and other risk factors. Some foreign
studies have shown that uric acid is elevated in
hypertension [8-10].

But there always existed some uncertainty in
those studies whether hyperuricemia in
hypertension is caused due to hypertension per
se, or due to complications of hypertension which
in turn may lead to hyperuricemia. Therefore this
study was done to see if uric acid levels were
elevated in hypertensives who have not yet
developed end organ damage.

1.1 Aim of the Study

1. To study the relationship between serum
uric acid level and hypertension in those
without hypertension induced end organ
damage.

2. To see if elevated serum uric acid level is
an independent risk factor for the
development of hypertension.

2. METHODOLOGY

This is a hospital based study of uric acid levels
in primary hypertension without end organ
damage. It is a cross sectional study. The study
was conducted in 300 patients who attended the
outpatient and inpatient at Sri Manakula
Vinayagar Medical College and Hospital,
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Pondicherry. Of these, 150 were cases and 150
were controls. The study was done over a period
of 22 months from November 2012 to August
2014.

2.1 Data Collection Tool

. Questionnaire

. Laboratory blood tests

. Laboratory urine tests

. Electrocardiography (ECG)
. Fundoscopy

2.2 Methods

Study was done at Sri Manakula Vinayagar
Medical College and Hospital, Pondicherry, a
tertiary care hospital and a teaching institution.
Informed consent was obtained from all patients.

2.2.1 Inclusion criteria

Adult male and female patients > 18 vyears
of age diagnosed as hypertension according
to JNC 7 classification for hypertension were
included as cases.

2.2.2 Exclusion criteria

Patients were excluded if they have any of the
following:

e Diabetes mellitus

e Ischaemic heart disease

»  Stroke

e All cases of secondary hypertension

e Clinical Findings of gout or extra articular
manifestations of hyperuricemia

e Obesity (BMI = 30)

¢ Pre eclampsia

* H/o alcohol abuse

e H/o drugs known to cause hyperuricemia,
e.g. thiazide diuretics

e« H/orenal disease

2.3 Data Collection and Measurements

The clinical examination consisted of medical
history, physical examination, blood pressure
measurement, anthropometric measurements
and fundoscopic examination. The laboratory
tests included measurement of serum uric acid
levels, blood sugar levels, renal function tests for
blood urea, serum creatinine and urine protein

creatinine ratio. Chest and

electrocardiogram were also used.

X-ray

2.3.1 Blood pressure

Blood pressure was recorded after a 5 min rest in
a quiet room. Systolic and diastolic blood
pressures were measured in the sitting position
twice at an interval of a few minutes on the right
and left arms with a standard mercury
sphygmomanometer on two separate occasions.

Patients with complications due to hypertension
were also excluded:

1) Hypertensive patients with LVH were
excluded through ECG
LVH criteria: Sokolow-Lyon index
SinV; + Rin Vsor Vg (whichever is larger)
235 mm (or) RinaVLz 11 mm

2) Hypertensive patients with hypertensive
nephropathy  were excluded after
laboratory tests
Blood urea > 40 mg/d|
Serum creatinine > 1.2 mg/dl
Urinary protein- creatinine ratio =2 0.3

3) Hypertensive patients with hypertensive
retinopathy were excluded after evaluating
the patients through fundoscopy.

Reference Values for Serum Uric Acid Level

In males
In females

1 3.4 -7.0 mg/dl
: 2.4 -5.7 mg/dl

Serum uric acid estimation was done by urease
method using CHEMWELL fully auto analyser,
USA.

2.4 Statistical Analysis

All results were expressed as mean +* standard
deviation (SD) for continuous variables and as
frequencies for categorical variables. Difference
in the age and gender between groups was
disproved using independent student t-test and
chi-square test respectively. Mean serum uric
acid level between the groups was analysed
using independent student t-test. Difference in
serum uric acid between stages of hypertension
was seen using analysis of variance. Correlation
between SUA with duration of hypertension was
done using Pearson’s correlation. p-value less
than 0.05 is considered statistically significant. All
analysis were done using Statistical Package for
the Social Sciences (SPSS) version 16 for
windows.
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3. RESULTS

During the study period of 22 months from
November 2012 to August 2014, a total of 300
patients were studied. Out of those 300, cases
were 150 and controls were 150. The cases were
150 hypertensives but without any associated co-
morbidities that are known to cause
hyperuricemia. Also these hypertensives did not
have any target organ damage. The 150 controls
were patients without hypertension or any other
condition known to cause hyperuricemia.

3.1 Demographic  Characteristics and
Laboratory Finding of Study
Population

In Cases the age of patients ranged from 19 to
85. The mean age was 50.76. The mean systolic
BP in cases was 136.84 mmHg, the mean
diastolic BP in cases was 94.45 mmHg. The
mean BMI in cases was 22.76 in controls the age
of patients ranged from 19 to 76 years. The
mean age was 48.34. The mean systolic BP in
controls was 110.25 mmHg, the mean diastolic
BP in controls was 71.60 mmHg. The mean BMI
in controls was 22.03.

3.2 Age Distribution

The age group of the 300 patients studied
ranged from 19 to 85 years. The age matched
controls were taken. Listed below is the age
distribution of cases and controls. The average
age in cases was 50.76 + 13.99. The average
age in controls was 48.34+13.36. In both groups
patients aged 36 to 65 years formed the bulk of
the study population. There was no statistically
significant difference seen in age distribution
between case and control (p = 0.13) (Table 1).

Table 1. Age distribution in study population

Age (Mean + SD) P value
Mean SD
Case 50.76 13.99 0.13*
Control 48.34 13.09
* p value less than 0.05 is considered statistically
significant

3.3 Serum Uric Acid and Mean

The total number of cases were 150 (both male
and female), in that serum uric acid levels in
males ranged from 2.3 mg/dl to 10.9 mg/dl and
females ranged from 1.9 mg/dl to 8.6 mg/dl. The
serum uric acid levels in male controls ranged

from 2.0 mg/dl to 8.9 mg/dl and female controls
ranged from 1.8 mg/dl to 5.6 mg/dl.

The data analysis of the cases showed the mean
SUA level to be 4.83 mg/dl with a standard
deviation of 1.73 (4.83 £ 1.73). The total number
of controls were 150 (both male and female), the
data analysis shows a mean SUA level of 3.92
mg/dl with a standard deviation of 1.29 (3.92 +
1.29). The difference in mean serum uric acid
level between case and control is statistically
significant [(p < 0.001), (Table 2 & Fig. 1)].
Therefore there is significant difference between
serum uric acid in hypertensives and non-
hypertensives.

3.4 Hyperuricemia in Cases and Controls

Hyperuricemia was defined as > 7.0 mg/dl in
males and > 5.7 mg/dl in females. The number of
hyperuricemic males and females were
analysed. There were 15 males and 7 females
who were hyperuricemic in hypertensive group.
Whereas there were 7 hyperuricemic males in
normotensive group and there were no
hyperuricemic female in normotensive group.
Their percentage distribution is shown below
(Table 3 and Fig. 2).

3.5 Serum Uric Acid Levels in Male and
Female Cases

The mean serum uric acid in female patients is
4.06 + 1.41 mg/dl and in males is 5.42 + 1.72
mg/dl. Serum uric acid level is higher in males
than in females and it is statistically significant (p
<0.001), (Table 4, Fig. 3). Since in our study
there is no statistically significant difference seen
in male female ratio of cases and controls, this
difference in serum uric acid between males and
females will not affect the result of the study.

3.6 Distribution of Cases in Various

Stages of Hypertension

There were 150 hypertensives. They were
classified according to JNC — 7 criteria into
prehypertension, stage 1 hypertension and stage
2 hypertension. The distribution in each group is
shown below (Table 5 and Fig. 4).

3.7 Mean Serum Uric Acid Level in Stages
of Hypertension

The mean level of serum uric acid in patients
with pre-hypertension, stage 1 hypertension and
stage 2 hypertension are 3.99 mg/dl, 4.57 mg/dl
and 5.50 mg/dl respectively (Table 6).
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Table 2. Comparison of serum uric acid levels in cases and ¢ ontrols

Number Mean (mg/dl) Standard deviation Standard error
Case 150 4.83 1.73 0.14
Control 150 3.92 1.29 0.10

Unpaired t test, t = 5.19, p = <0.001*

* p value less than 0.05 is considered statistically significant

e
—
5 [ — |
[ — |
4.5 = = _——
[ — | | e—— |
4 [ — | [ — |
[ — | [ — ]
35 [ — | [ — |
A [ — | [ — |
| 3
C
8 2.5 [ — | [ ——— |
= [ —— [
2 [ e [ —
[ | [ |
[ e | [ e |
1 [ e | [ s |
s 2 aaa N
0.5
— —
0
Case Control
m Serum Uric Acid (mg/dl) 4.83 3.92

Fig. 1. Mean serum uric acid levels in cases and controls

Table 3. Percentage of hyperuricemics in cases and controls

Case Control
No Percentage (%) No Percentage (%)
Male 15 17.6 4 45
Female 7 10.7 0 0
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Fig. 2. Percentage of hyperuricemic subjects in hypertensiv es and non hypertensives
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Table 4. Mean serum uric acid levels in male and female hype  rtensives

Cases Serum uric acid (Mean + SD) (mg/dl) p value
Male 5.42 £1.72 <0.001
Female 4.06+£1.41

* p value less than 0.05 is considered statistically significant
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Fig. 3. Mean serum uric acid levels in male and female hype  rtensives
Table 5. Distribution of cases in various stages of hyperten sion

Number Percentage (%)
Prehypertension 23 15
Stage 1 70 47
Stage 2 57 38
Total 150 100

Pre Hypertensive
- 15%
Hypertensive e
stage 2 p» @ @000 =

38%

Hypertensive
stage 1
47%

Fig. 4. Distribution of cases in various stages of hyperten sion
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Table 6. Serum uric acid in stages of hypertension

N Mean (mg/dl) Standard deviation
Prehypertensive patients 23 3.99 1.13
Stage | hypertensive patients 70 4.57 1.49
Stage |l hypertensive patients 57 5.5 1.97

Since there was difference in mean serum uric
acid level among three groups, we have done
post hoc tests to find out among which groups
the difference in mean serum uric acid level is
seen. The results show that there is a significant
difference between prehypertension and stage
2hypertension patients (p = 0.001) and between
stage lhypertension and stage 2 hypertension

patients (p = 0.005). The difference seen
between prehypertension and stage
lhypertension patients was not statistically

significant (p = 0.45) (Table 7).

3.8 Serum Uric Acid and Duration of
Hypertension

We now know that serum uric acid level is
significantly elevated in hypertensives compared
to non-hypertensives. The correlation of duration
of hypertension with serum uric acid levels was
analysed. Out of the total 150 hypertensives, 7
were newly diagnosed. So the remaining 143
hypertensives were analysed.

As shown in Table 8 and Fig. 5, the
correlation between serum uric acid levels and
the duration of hypertension was positive r =
0.13; p = 0.13. This implies that as the
duration of hypertension increases, the serum
uric acid level also increases, though it was not
significant.

3.9 Effect of Treatment on Serum Uric
Acid Levels

Out of 150 hypertensives, 7 were newly
diagnosed. The remaining 143 were known
hypertensives, 97 were on regular treatment
and 46 were not on treatment (Fig. 6). The
serum uric acid level of the group who
were on treatment was compared with the
group who were not on treatment. The mean
serum uric acid level of those on treatment
was 4.45 + 150 mg/dl. The mean serum
uric acid level of those without treatment was
5.76 + 1.90 mg/dl and the difference was found
to be statistically significant [(p < 0.001),
(Table 9).

4. DISCUSSION

Hypertension is the most common cardiovascular
disease worldwide. It affects approximately 20%
of the adult population globally. It is being
considered both as a disease condition in itself
as well as a risk factor for various other diseases
like coronary artery disease, stroke and chronic
kidney disease. Hypertension is estimated to
have affected 600 million people worldwide. It is
estimated that by 2025 around 1.5 billion people
will be affected globally [11].

Though various factors are being presumed in
the genesis of primary hypertension like age, salt
sensitivity, adverse lipid profile, the exact factor
causing it and the mechanism involved is yet to
be found. In recent years uric acid is thought to
be one of the factors causing hypertension.

But uric acid elevation has also been linked with
a number of other conditions including diabetes
mellitus, coronary artery disease, chronic kidney
disease, stroke and chronic alcoholism. Thereby
there was difficulty in identifying uric acid as
cause of hypertension alone, as many times
along with hypertension other co-morbidities too
were present. This study was done with
eliminating other factors which can contribute to
elevated serum uric acid levels. Thus the
patients with diabetes, obesity, chronic alcoholics
and gout were excluded from the study. Also the
patients with secondary causes of hypertension
were excluded.

4.1 Uric Acid and Gender

In a study done by Mellen et al. [12] it was found
that hyperuricemia is lower in females, and
females had weaker association  with
hypertension. In our study too it was found that
males had higher mean serum uric acid levels
than females. The mean serum uric acid level in
males was 5.42 + 1.72 mg/dl and the mean
serum uric acid level in females was 4.06 + 1.41
mg/dl. This can be explained because oestrogen
is known to be a hypouricemic agent. Oestrogen
is involved in renal handling of uric acid and due
to its uricosuric effect, it reduces the level of
serum uric acid in women [13].
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Table 7. Post hoc test

Group | Group J Mean Standard Sig. 95% confident interval
error Lower bound  Upper bound
Pre-HT Stage 1 HT -0.57 0.39 0.45 -1.53 0.38
Stage 2 HT -1.51 0.40 0.001* -2.49 -0.52
Stage 1 HT Pre-HT 0.57 0.39 0.45 -0.38 1.53
Stage 2 HT  -0.93 0.29 0.005* -1.64 -0.22
Stage 2 HT Pre-HT 151 0.40 0.001* 0.52 2.49
Stage 1 HT 0.93 0.29 0.005* 0.22 1.64

* The mean difference is significant at the 0.05 level

Table 8. Correlation between uric acid and duration of hypertension

Duration of HT

Serum Uric Acid Pearson correlation 0.13*
Sig. (2-tailed) 0.14
N 143

* p value less than 0.05 is considered statistically significant
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Fig. 5. Correlation between serum uric acid and dur  ation of hypertension
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Control
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Fig. 6. Distribution of hypertensives with and without trea
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50%

On Treatment
33%

Newly Diagnosed
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tment

Table 9. Mean SUA of those with and without treatment

Serum uric acid t value p value
Mean (mg/dl) Standard deviation
HT patient on anti-HT 4.45 15 4.08 < 0.001*
treatment
HT patient not on anti-HT  5.76 1.9
treatment

* p value less than 0.05 is considered statistically significant.

4.2 Uric Acid and Hypertension

In this study we found that serum uric acid is
elevated in hypertensive group compared to the
normotensive control group. This can imply
serum uric acid can be a pathogenic factor
causing elevation of uric acid. It can also imply
that hypertension can cause elevation of uric
acid. It was thought that when hypertension
causes elevation of uric acid, it was due to
complications associated with hypertension.
Renal damage associated with hypertension can
lead to elevated uric acid levels. For this reason,
this study was done in those hypertensive
patients for whom the complications did not
arise.

Previous studies have correlated metabolic
syndrome to be associated with elevated uric
acid [14,15]. In this study it has been shown that
serum uric acid level is elevated in hypertension
without the other components of metabolic
syndrome.

Similarly, according to the study conducted by
Krishnan et al. [16] it was evident that
hyperuricemia increases the risk of developing
hypertension by 80%, which was independent of,
renal function, serum lipid levels, body mass
index, proteinuria, alcohol use and age. Thus
suggesting uric acid may be a risk factor for
development of hypertension.

In our study it was found that 66% of
hypertensives were on regular treatment. In our
study patients on thiazide diuretics were
excluded since they themselves can cause
increase in uric acid levels [17]. But in the study
done by Perlstein et al. [18] it was found that
79% of the hypertensives were taking anti-
hypertensive medications regularly. This implies
drug compliance is less in our study population.

In our study it was found that in those receiving
anti-hypertensive treatment serum uric acid
levels were lower compared to the group that
was not receiving treatment. The mean serum
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uric acid level of those on treatment was 4.45 *
1.50 mg/dl and in those without treatment was
5.76 £ 1.90 mg/dl. In a study done by Hoieggen
et al. [19] it was found that anti hypertensive
treatment even reduced serum uric acid levels.
This result was similar to our study where the
group who were on regular anti hypertensive
treatment had lower serum uric acid levels.

5. LIMITATIONS OF THE STUDY

Since this is a cross sectional study,
causal relationships cannot be established.
A large cohort study is required to
establish causal relationship.

Serum uric acid level varies on different
occasions. Therefore a single uric acid
value may be a confounding factor in the
study.

6. CONCLUSION

We conclude from the study that the serum uric
acid level is independently associated with
isolated hypertension. Results showed that mean
serum uric acid levels in cases was significantly
elevated compared to the control group. There is
a progressive elevation of serum uric acid levels
in stage 1 and 2 of hypertension compared to
prehypertension group. As serum uric acid levels
were elevated much more in stage 2
hypertension, we can conclude that serum uric
acid levels also correlates with severity of
hypertension. And serum uric acid level is
elevated in hypertension without end organ
damage thus implying serum uric acid as a
causative factor in hypertension.

But to directly link hyperuricemia as causative
factor for hypertension, further large scale
prospective studies need to be done.

Thus serum uric acid may be used as an early
biochemical marker for detection of hypertension.
Considering the global burden of hypertension
and its complications, this may be a huge step
considering the ease of measurement of serum
uric acid level, the inexpensive mode of testing of
serum uric acid and the availability of
hypouricemic therapy.
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