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Abstract

Uric acid is the end product of purine metabolism.
Hyperuricemia can occur because of decreased excretion,
increased production and/or a combination of both
mechanisms. Elevation of uric acid in the blood ( > 5.5
mg/dL) in children is associated with the occurrence
of essential hypertension. The relevance of pediatric
hyperuricemia into adult hypertension have been widely
studied.

The high percentage of children and adolescents with
metabolic syndrome who had an elevated concentration of
uric acid could be of great concern if it were concluded that
uric acid was an independent risk factor for cardiovascular
disease. The minimum age that has shown blood pressure
is significantly associated with adult life is unknown. There
are a number of possible explanations for the phenomenon
of blood pressure tracking, including hyperuricemia.
Several pathophysiological mechanisms increase uric
acid with cardiovascular damage through proliferation of
vascular smooth muscle cells, stimulate inflammatory path,
and then prothrombotic effects triggered by the activation
of platelets. Once vascular lesion has appeared, then arises
the sodium-sensitive hypertension, although uric acid
levels have returned to normal. Persistant mechanism
of sodium sensitivity is caused by renal ischemia that
leads to activation of the renin-angiotensin system, renal
vasoconstriction and increased reabsorption of salt. This
supports better understanding of the link between childhood
hyperuricemia and adulthood hypertension.

Childhood hyperuricemia is an independent risk factor of
hypertension and is ‘linked to’ adult blood pressure.
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Introduction

Hypertension is a major public health issue affecting
approximately 20% of adults. The prevalence increases in
accordance with age. Hypertension significantly increases
the risk of coronary heart disease, stroke, congestive heart
disease and renal failure (1). Hypertension in children,
although rare, has proven to be the root of hypertension
in adults. Increased blood pressure in childhood is a very
good predictor for adult hypertension. Prevention of
hypertension plays an important role to prevent long term
morbidity and mortality (2).

Pediatric hypertension is systolic blood pressure
and/or diastolic blood pressure of an average of = 95th
percentile according to sex, age, and height on = 3 times
measurements (3). Hypertension in children generally
arises due to kidney disease, cardiovascular or endocrine
disorders, in which 30-60% of its etiologies can be
identified. The most common cause is renal parenchymal
disease and endocrine and cardiovascular diseases occur
less frequently. The rest with unknown underlying
etiologies are diagnosed as primary hypertension (essential
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hypertension) (1). The proportion of hypertension in
children by age and country varies between 2-75% (4).
Children with primary hypertension are generally obese
(50%) and the hypertension is often progressive until
adulthood (1).

Several clinical and laboratory researches have proven
true the hypothesis that uric acid is important factor in
the occurrence of primary hypertension. The relationship
between gout and hypertension was first reported in 1879.
Hyperuricemia has been known as a predictor and become
an independent risk factor for hypertension in adults
(5). Twenty-five to 40% of adult patients with untreated
hypertension have a high blood uric acid level (> 6.5 mg/
dL), but many have a high normal uric acid level (5 to 6.5
mg/dL) (6).

Greater interest has recently been increasing among
researchers to investigate how hyperuricemia is related
with hypertension in children. Another important issue
is the relationship between childhood hyperuricemia and
hypertension in adulthood. Feig et al. showed a significant
correlation between elevated uric acid and blood pressure
in children and adolescent (7). Relationship of uric acid in
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childhood with blood pressure in adulthood has also been
studied by Alper et al. (8). The purpose of this review is
to describe about uric acid metabolism and its relationship
with hyperuricemia and hypertension in childhood to
adulthood.

Urid Acid Metabolism
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Uric acid is the end product of purine metabolism (Figure
1). Approximately two-thirds of total body uric acid is
produced endogenously (especially in the liver), while
the other one-third is obtained from the diet containing
purine (9,10). Levels of uric acid in the blood is the
result of a balance between solving purine and uric acid
excretion rate. Excretion uric acid is performed mainly
through the kidneys and the rest through the intestinal
tract. Kidney failure will cause the excretion of uric acid
through intestinal to increase to compensate the decreased
excretion through the kidneys (9).

Xanthine oxidase
Hyp — Xan— URIC ACID
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Figure 1. Purine metabolic pathway ending in the production of uric acid. (Reprint with permission
from R.Terkeltaub and BioMed Central Publisher 2006).

Ade = Adenine; HYP = Hypoxantine; Gua = Guanine, Aprt = Adeninephosphoribosyltrasferase;
HPRT = Hypoxantine=Guaninephosphoribosyltransferase.
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Uric acid in the blood is saturated at 6.4 to 6.8 mg/dL, with
the upper limit of solubility at levels of 7 mg/dL. Uric acid
is filtered at the glomerulus and then it is reabsorbed in
the proximal tubule by a uric acid transporter (URATT).
Uric acid secretion correlates with plasma uric acid
concentration and increased concentration in the serum
leads to increased excretion of uric acid. Hyperuricemia
can occur because of decreased excretion (in patients
with acidosis, diuretic therapy and diabetes insipidus) and
increased production (high purine diet or a high fructose
diet, the increase degradation purine in leukemia, cell death
in rhabdomyolisis, cytotoxic therapy) or a combination of
both mechanism (9). Uric acid can accumulate in various
tissues, including in the walls of blood vessels through
several mechanisms of passive transudation of plasma,
active transport (as in renal tubular cells), forming locally
through xanthine oxidase and production of intracellular
purine precursors (11).

Debate: Hyperuricemia as Risk
Factor of Cardiovascular Disease
Versus as Confounding Factor

Several studies have shown that serum uric acid plays
a role in the development of cardiovascular morbidity,
including hypertension. A meta-analysis research that
included 8 studies on hypertensive patients showed that
any increase in serum uric acid resulted in an increased
risk of cardiovascular diseases (12). Sanchez er al. showed
that glomerular capillary pressure correlated positively
with serum uric acid and systolic blood pressure (13).
However, whether serum uric acid is an independent
risk factor remains to be on the debate. In fact, mild
hyperuricemia is often found along with obesity, lipid
abnormalities, and insulin resistance, all of which are
components of metabolic syndrome. After adjustment of
the body mass index, age, creatinine clearance, and high
density lipoprotein cholesterol, each standard deviation
increase in serum uric acid entails a 75% higher risk of
having cardiac hypertrophy and two times greater risk of
having carotid abnormalities (14).

Several major cardiovascular risk factors associated
with high serum uric acid concentrations. This mechanism
is confounded interpretation relationship between serum
uric acid and cardiovascular risk (15). Nevertheless, some
studies still found an association between serum uric acid
and cardiovascular risk despite the fact the confounding
risk factors have been corrected (12-14).
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Epidemiological studies in the United States on
children and adolescents with metabolic syndrome
have found no association between serum uric acid
concentrations and the prevalence of metabolic syndrome.
Although uric acid is not part of the metabolic syndrome,
there is a correlation between concentrations of uric acid
and metabolic syndrome or its components. Prevalence of
metabolic syndrome rose from < 1% in participants with
uric acid concentration < 249.8 umoL/L (< 4.2 mg/dL.) to
21% in those with uric acid concentration > 339 umoL/L
(> 5.7 mg/dL). The high percentage of children and
adolescents with metabolic syndrome who had an elevated
concentration of uric acid could be of great concern if it
were concluded that uric acid was an independent risk
factor for cardiovascular disease (16).

Serum Uric Acid is Important in the
Genesis of Primary Hypertension

Increased consumption of fructose, which is associated
with obesity in childhood, has been shown to elevate
concentration of serum uric acid. Fructose is a simple
sugar present in honey and fruit. Many foods or beverages
such as soft drinks, candies and other sweetened products
are rich in fructose. Fructose reduces endothelial nitric
oxide by elevating uric acid levels. Nitric oxide deficiency
causes endothelial dysfunction and insulin resistance
(17.18).

Feig and Johnson found that serum uric acid
was significantly elevated in children with primary
hypertension or secondary hypertension. A vast majority
of children (89%) with primary hypertension had serum
uric acid levels above 5.5 mg/dL; which is in contrast to
30% of children who had secondary hypertension, and
none among children with white coat hypertension or the
controls. Correlation between serum uric acid levels with
systolic and diastolic blood pressure was found stronger
in children than that typically observed in adults. These
results support the hypothesis that uric acid might have a
role in the early pathogenesis of primary hypertension (7).
Results of a pilot study in children showed that uric acid
may have adirect contribution to the onset of hypertension.
Five children aged 14-17 years with a diagnosis of
essential hypertension were treated with allopurinol only
for 1 month. After one month of medication, one of the
five children showed a decrease in blood pressure and the
other four children had normal blood pressure. It was also
found that the five children regained their higher blood
pressure after discontinuation of allopurinol (19,20).
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The pathophysiological factors that link increased
uric acid with cardiovascular damage at the cellular and
tissue levels are vascular smooth muscle cell proliferation,
stimulation of inflammatory pathway, and the possible
effects triggered by the prothrombotic effect mediated
by thrombocyte activation (20). Uric acid has been found
as mitogenic for vascular smooth muscle cell. Strong
evidences have been found that uric acid activates cell
growth via specific intracellular signaling events (11).
Once vascular changes occur, the hypertension will be
governed by the kidneys, and decrease in uric acid levels
gives no protective effect on the cardiovascular disease
(7).

What mechanism is involved in the event of increased
serum uric acid in children with primary hypertension? At
first it has been allegedly it is due to decreased renal blood
flow that occurs in subjects with hypertension, which can
lead to increased reabsorbtion of uric acid and elevated
plasma uric acid. This argument has made some experts
conclude that the increase in the level of plasma uric acid
only reflects the degree of severity of the hypertension,
rather than influencing the pathogenesis. However, some
evidences are in existence to support that serum uric acid
has some influence in the occurrence of hypertension.
First, elevated uric acid has been proven as an independent
predictor for hypertension (6). Second, infusion of uric
acid in human subjects causes endothelial dysfunction and
impaired vasodilatation. These are features of essential
hypertension (20). Third, if the uric acid were simply a
marker of the severity of hypertension, then it should be
similarly found in secondary hypertension as well, but this
has proven not to be true (7). A recent study has provided
a plausible physiologic mechanism by which increase
in serum uric acid might cause hypertension. Uric acid
enters into vascular smooth muscle cells and stimulates
the protein kinase, cyclooxygenase 2 and platelet derived
growth factor, which causes vascular smooth muscle cell
proliferation, macrophage infiltration and preglomerular
arteriolopathy (7,11,20).

Elevation of wuric acid also causes platelet
aggregation, which is a predisposing factor for thrombosis
and atherosclerosis. Hyperuricemic patients showed a
decrease in nitric oxide. Nitric oxide is liberated from
the endothelium and has an effect on local cardiovascular
function, including relaxation of vascular smooth muscle
and vasodilatation, inhibition of platelet and leucocyte
adhesion to endothelium and inhibition of myointimal
hyperplasia. Loss of endothelium derived from nitric oxide
bioavailability, so called ‘endothelial dysfunction’, is
believed to be a characteristic finding in patient with several
cardiovascular risk factors (15). Furthermore, increase in
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serum uric acid exhibits an increase in juxtaglomerular
renin and a decrease in macula densa neuronal nitric
oxide synthase (23). Once vascular lesion has appeared,
then arises the sodium-sensitive hypertension, although
uric acid levels has returned to normal (24). Persistence
mechanism of sodium sensitivity is associated with renal
ischemia leading to activation of the renin-angiotensin
system, renal vasoconstriction.

Hyperuricemia in Childhood 'Linked
to' Adult Blood Pressure

Highlights of the relevance of pediatric hypertension in
adult cardiovascular health have been widely studied. The
minimum age that has shown blood pressure is significantly
associated with adult life is unknown. There are a number
of possible explanations for the phenomenon of blood
pressure tracking, including birth weight, hyperuricemia,
and genetics (4).

Serum uric acid level in childhood correlates with
increased systolic and diastolic blood pressure that
continues until adulthood. This shows that elevation of
blood uric acid level plays a role early in the development of
hypertension. Alper studies have supported the assumption
that if elevated levels of uric acid caused kidney damage,
hypertension sensitive to sodium would occur, and this
would continue even if the uric acid level had returned to
normal limit (8). So maintenance of keeping uric acid level
low is more effective than lowering the level of uric acid
in the treatment of hypertension because if the intra-renal
damage has already occurred, the hypertension induced
by renal disorders will be difficult to control (24).

Increased uric acid associated with hypertension
is often found in children born with low birth weight.
Elevation of serum uric acid in the child can occur through
genetic or environmental mechanisms. Children who are
small at birth exhibit impaired endothelial function and
increased systolic blood pressure and uric acid level. Low
birth weight has been associated with a reduced number of
nephrons and lack in maturation of the renin angiotensin
system. Increased reabsorption which may stimulate the
reabsorption of uric acid is a consequence of low birth
weight (25). Therefore, hyperuricemia is associated
with hypertension in children and adults. The control of
uric acid by both dietary and pharmacologic approaches
is becoming useful for lowering blood pressure and
preventing morbidity and mortality (4).
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Summary

Childhood hyperuricemia is an independent risk factor
of hypertension and is ‘linked to” adult blood pressure.
Elevated serum uric acid can lead to endothelial
dysfunction and reduced bioavailability of endothelial
nitric oxide. Once vascular changes have occurred, the
hypertension will be governed by the kidneys and as such
decreasing uric acid levels have no protective effect on the
cardiovascular disease.
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