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ABSTRACT

The global population is living amid a metabolic
explosion. The prevalence of hyperuricemia, as
a metabolic disorder and a causal agent of non-
communicable diseases, has been gearing up
rapidly worldwide during the last two decades
due to consuming a high purine diet, alcohol,
red meat, high fructose-containing food, and
lifestyle changes. The invisible bond between
hyperuricemia and many non-communicable
diseases is more robust than before. During the
evolution of  hyperuricemia, systemic
inflammation develops, leading to endothelial
dysfunction and end-organ injury. These
molecular changes were not recognized
previously. Hyperuricemia is now a metabolic,
more clearly a wvascular disorder than a
crystallization disease. Asymptomatic
hyperuricemia is no more benign, and gout is
not synonym with hyperuricemia or vice versa.
Diagnose hyperuricemia in an early stage at a
high normal level and control it to prevent the
development and complications of many
hyperuricemia-related extra-articular diseases.
For more acceptance and importance, this high
normal level of serum uric acid can be named
prehyperuricemia. As in the case of prediabetes
and prehypertension, prehyperuricemia should
be diagnosed early irrespective of age and sex;
preventive measures have to be taken and
maintain uric acid at a safer level.

Keywords: Serum uric acid, hyperuricemia,
prehyperuricemia, high normal value of serum
uric acid, metabolic disorder, non-

communicable disorder, and molecular
mechanism.

INTRODUCTION

Uric acid (UA) is a weak acid and
the end product of purine metabolism in
humans. The prevalence of hyperuricemia
(HU) increased double or even triple during
the last two decades globally. Recent
epidemiological studies have clearly shown
that HU has a linear relation with non-
communicable diseases (NCDs) and many
other conditions. The pathophysiology
involved in HU includes oxidative stress,
endothelial dysfunction, and end-organ
damages. Various studies have shown that
the underlying molecular changes induced
by HU start even before the present cutoff
value of 7mg/dL. However, it is uncertain
when and above which level of UA these
changes start and become one of the causal
factors for NCDs. Today NCDs are the
leading causes of morbidity and mortality in
the entire world. Numerous clinical studies
have shown that a reduction in serum uric
acid (SUA) can prevent the development of
many NCDs and their complications.
Hence, it is advisable to screen HU early
and prevent metabolic issues. The
introduction of new metabolic terminology
prehyperuricemia  (pre-HU) may be
appropriate. Complications of HU take
many years to develop. By increasing
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awareness and screening at this high normal
value of UA, the development of
symptomatic HU or asymptomatic HU with
many NCDs can be prevented. Manage pre-
HU with non-pharmacologic measures like
lifestyle modification and improve the
quality of life.

Search Strategy

Articles were referred in Google
search and pub med, from 1965 to 2021
using keywords uric acid, hyperuricemia,
high normal value of SUA, metabolic
disorder,  non-communicable  disorder,
molecular mechanism, and preventive
measures. This article highlights the
explosion in the prevalence of HU, their
molecular relations with NCDs and many
other diseases, the importance of early
screening for HU, and its management

Definition of Hyperuricemia
Hyperuricemia is defined as serum
uric acid level of more than 7 mg/dL in men
and 6mg/dL in women on a physiochemical
basis. The commonest complication of HU
was gout until a few decades ago, but it is
slowly changing to metabolic disorders.
The incidence of gout in the HU population
is only less than 9%. Hence, HU need not
always be symptomatic. Asymptomatic HU
is more dangerous as it leads to endothelial

dysfunction, oxidative stress, insulin
resistance, macrovascular, and
microvascular ~ complications  silently-a

classical iceberg phenomenon. Thus high
UA imposes detrimental effects on almost
all systems. Why are all HU patients not
necessarily suffering from gout? HU is a
metabolic  disorder, and  systemic
inflammation is the primary pathology; as
these progresses, it may affect joints to
develop gout only when the physiological
environment favours it. The present cutoff
value of 7mg/dL of HU was composed and
periodically edited on a physiologic basis
only. The threshold of UA level increased
total mortality at 4.7 mg/dL and

cardiovascular mortality at 5.6 mg/dL risk,
which was significantly lower than the
clinical diagnostic value of 7 mg/dL. On a
metabolic basis, it is advisable to lower the
cutoff value below 7mg/dL in men and
below 6mg/dL in women or give more
importance to SUA at a high normal value,
as HU is now concerned with the metabolic
disorder than articular crystallization.

Definition of Prehyperuricemia
Prehyperuricemia (pre-HU) may
define as a metabolic condition where serum
uric acid value is at a high normal level
between 6-7 mg/dL in men and 5-6mg% in
women. This value is presently considered
as normal or high normal. At this level or
even below this, UA-induced systemic
inflammation develops. (Flowchart.1)

History

Humans have lost the capacity of
degrading UA by the enzyme uricase during
evolution over 15 million years ago by
mutation @, Gout is one of the oldest
diseases and was named in 1200 AD. Even
though UA was identified two centuries
ago, the exact pathophysiology of
hyperuricemia is not known clearly. In the
present generation, the mean serum UA
level is slowly increasing. A study from the
US reported that the mean SUA levels rose
from less than 3.5 mg/dL to 4.2 mg/dL
between the 1920s and 1940s. However,
during the 1950s to 1980s periods, the
magnitude of SUA hike was more, from 5.0
to more than 6.0mg/dL .

The journey of HU from
crystallization  diseases to  metabolic
disorders was fast in the last two decades.
HU was connected with gout and
nephrolithiasis only, but nowadays it has
been identified as a major risk factor and
biomarker of many metabolic and
hemodynamic abnormalities. The century-
old hyperuricemia is no more benign but a
silent killer.
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Figure-1. Flowchart: Impact of Hyperuricemia in Human

SCD: sudden cardiac death, AFib: Atrial fibrillation, MetS: metabolic syndrome, PCOS: Polycystic ovarian syndrome, GDM: gestational
DM, OSAS: obstructive sleep apnoea syndrome, NAFLD: non-alcoholic fatty liver disease, COPD: chronic obstructive pulmonary disease,

HF: heart failure.

Epidemiology

At present HU is the second most
metabolic disorder after diabetes mellitus ).
As the lifestyle of the present generation
changed severely due to the consumption of
a high purine diet, red meat, alcohol, and
high  fructose-containing  foods, the
prevalence of HU has become the fourth
highest NCD after hypertension, diabetes
mellitus, and  dyslipidemia®.  The
prevalence of HU has increased twice or
thrice in the last two decades globally. In
some populations, its prevalence has gone
up to 85%, which is on the surge ©. The
prevalence was 170 million in China and
32.5 million in the United States during
2019 &7,

Uric Acid-Induced Molecular Mechanism
UA is the most abundant and
powerful antioxidant in humans. However,

UA expresses a pro-oxidant effect at higher
concentrations ®. UA is a double-edged
sword. This paradox could be an antioxidant
effect in the extracellular environment
(primarily in plasma) or pro-oxidant at the
intracellular level (primarily within the cell).
UA act as an antioxidant up to 4.7mg/dL
level only. When uric acid enters the cells
mediated by specific organic anion
transporters, it induces an oxidative cascade
that has been shown in vascular smooth
muscle cells, endothelial cells, adipocytes,
islet cells, renal tubular cells, and
hepatocytes. HU is connected with the
occurrence and development of NCDs by
regulating molecular signals, like an
inflammatory response, oxidative stress,
insulin resistance, endothelial dysfunction,
and endoplasmic reticulum stress, even
before pre-HU ©13) Also, when UA enters
vascular cells and adipocytes, it induces a
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pro-oxidative effect by activating the
NADPH oxidase system and stimulating
mitochondrial oxidative stress 4. The
markers of systemic inflammation like
leukocyte count, C-reactive protein, and
inflammatory cytokines such as interleukin-
6, IL-1RA, IL-18, tumor necrosis factor-a
may increase in HU and pre-HU @9,
Researchers have linked HU and pre-HU
with systemic inflammation . Today, part
of the uric acid debate, the question is
“chicken or the egg first ?° hyperuricemia —
insulin resistance — hypertension, Jesse in

his article, clearly shows that the
relationship between UA and insulin
resistance IS unidirectional and

hyperuricemia comes first and later these
two lead to hypertension® . The mean
value of uric acid is slowly increasing(6-
6.5mg/dL) in the entire world population,
and by the time it crosses high normal
value, adverse molecular and inflammatory
mechanisms might have started, which in
turn leads to NCDs and end-organ damages.
Reduction in SUA improves the markers of
systemic inflammation, NCDs, and its
complications 820, Hyperuricemia and
high normal uric acid level strongly suggest
the presence of low-grade systemic
inflammation even without gout %), UA-
induced systemic inflammation may be the
mechanism by which it contributes to the
development of NCDs even in the absence
of gout @Y,

Hyperuricemia Associated Extra-
Articular Diseases
1. UA and Cardiovascular Disease

UA is a modifiable and independent
risk factor for CVD, especially in patients
with comorbidities. High SUA levels
progressively  associated with  sudden
cardiac death (SCD) and cardiovascular
mortality (CVM) ?2:23),

1.A. HYPERTENSION

In 1966, it was reported that 47% of
hypertensive patients were hyperuricemic
@4 Currently, UA is a biomarker of HTN.
Increasing SUA levels by 1 mg/dL results in

a 13% hike in incident HTN @,
Approximately 25-40% of patients with
untreated HTN and more than 80% of
patients with malignant HTN have high
SUA levels ®®, SUA emerged as one of the
strongest and independent risk factors for
prehypertension, which later progresses to
hypertension ", This progression from
prehypertension to hypertension incidence is
more than 20% over five years in
hyperuricemic people compared with the
normouricemic group and it highlights the
influence of UA in prehypertension @9,
Besides, this study highlights the
importance of managing hyperuricemia at
the prehypertensive stage. SUA is strongly
and independently associated even with
nocturnal non-dipping of HTN @9,
Recently, reports coming with urate-
lowering therapy results in the reduction of
blood pressure in adolescents ©9).

1. B. ATHEROSCLEROSIS

UA is a risk factor for
atherosclerosis. HU causes atherosclerosis
in macrovascular beds and microvessels of
major organs. Young adults with HU show
coronary artery calcification, and even
high normal value is a risk factor for
subclinical atherosclerosis. SUA may
increase the pulse wave velocity, escalate
arterial stiffness from 6.2mg/dL, and
accelerate vascular aging ©.

1.C.CAD

UA is a marker and risk factor for
acute coronary events. The overall risk of
CAD mortality increases by 15% for an
increase of 1mg/dL of SUA G2, Xiao et al.
brought out the relation between SUA and
young CAD below 45 years. SUA is likely
to increase the aortic pressure and aortic
stiffness ¢

1. D. AFib

Hyperuricemia is a novel marker for
atrial fibrillation, both in chronic and
paroxysmal. UA level has an independent
association with AFib with or without co-
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morbid, and the higher the serum level,
more the chance of AFib G4,

1. E. HEART FAILURE

The risk of heart failure increase by
20% for every 1mg/dL increase of SUA %),
HU in heart failure may be due to the up-
regulation of the xanthine oxidase,
increasing the risk of heart failure by 65%.

2. UA and Metabolic Syndrome

A quarter of the adult population in
the entire world suffers from metabolic
syndrome (MetS). Choi et al. report that up
to 60 % of MetS were hyperuricemic ©©),
More clearly, the third national health and
nutrition examination survey reported the
prevalence of metabolic syndrome at
various levels of SUA. MetS starts even
below the level of 6mg/dL of SUA. This
study has shown a linear increase of MetS
with the rise of SUA and recommends
considering HU as a criterion of MetS and
treating it early to prevent complications ©®),
Presently, HU is a marker for early
diagnosis and prevention of MetS ©7),
Maintaining SUA at a lower level may
avoid the burden of MetS @9,

3. Diabetes Mellitus

A population-based study was
reported UA as a solid and independent risk
factor for T2DM ©8), The diabetogenic
action of SUA was reported in 1950 %, The
risk of developing T2DM increases by 15-
20% for every 1mg/dL increase of SUA
independent of comorbidities “9). The future
risk of developing T2DM is directly
proportionate to the level of SUA,
irrespective of age. Another study reported
that the high normal value of SUA (UA 5-6
mg/dL) is associated with a marked increase
in the development of DM in women
compared to low normal SUA in the study
group. At the same time, men were at SUA
level 6-6.8mg/dL for diabetic risk “b.

4. UA and Lipid

directly associated with SUA levels, but
HDL cholesterol is inversely related “2),

5. UA and Kidney

SUA is a marker of CKD and acute
onset renal disease. Various studies have
shown that a high SUA level is associated
with longitudinal decline in GFR and
worsening renal function. High SUA is
associated with a reduction in the number of
nephrons, renal tubular atrophy, and hence
low GFR “3 4 When the SUA is lowered,
there is an attenuation of albumin excretion
and a slowdown of the eGFR decline in
people with T2DM “9. In T2DM, a high
normal SUA level might predict CKD
development even in preserved renal
functions. Urate lowering therapy decreases
inflammation and slows down renal disease
progression even in patients with moderate
CKD “®, A study by Kanbay reported that
UA lowering might slow down the
progression ~ of  renal  disease in
hyperuricemic populations, and there were
improvements in renal function by treating
asymptomatic HU @7, Moreover, another
study by Siu noticed that the treatment of
asymptomatic HU delays the progression of
renal disease “®. SUA is an independent
risk factor for CKD, even in the absence of
T2DM “9. Renal dysfunction in T2DM
starts even at SUA level 6.3mg/dL (high

normal value) and carries a poor prognosis
(50)

6. UA and Liver

Non-alcoholic fatty liver disease is
the commonest cause of liver function
abnormality, and it affects more than 20%
of people globally ©Y. The relationship
between SUA and NAFLD was first
described in a small Italian study in
2002(52). Every 1 mg/dL SUA level
increment led to a 21% increase in the
NAFLD risk ©3. Uric acid lowering may be
one of the aims in preventing NAFLD 4.

7. UA and Brain

Serum  total  cholesterol, LDL 7 A. STROKE
cholesterol, and especially triglyceride is
International Journal of Research and Review (ijrrjournal.com) 5

Vol. 9; Issue: 6; June 2022



GR Subbu.et.al. Prehyperuricemia: new milestone in metabolic disorders

The pro-oxidant neurotoxic effect of
UA may negatively affect acute stroke. A
Higher SUA level shows an increased stroke
rate and mortality ©,

7. B. DEMENTIA

UA is high in vascular or mixed
dementia®®. Meanwhile, UA as an
antioxidant has a neuroprotective role in
Alzheimer's disease and Parkinson's disease.
Hence UA should not be reduced to
hypouricemia level (SUA below 2.5mg/dL).

8. Other Associated Disorders

SUA may be high in COPD and
higher the value higher the mortality 7. In
acute respiratory distress syndrome, the
SUA level is on the higher side, and it has
a prognostic role. In hyperthyroidism, HU
is due to higher BMR and elevated urate
production. However, in hypothyroidism,
HU is due to decreased renal blood
circulation. High levels of SUA were
detected in patients with psoriasis and
chronic dermatitis. Younger males with
high SUA levels are associated with
androgenic alopecia . SUA level is
higher in women with the polycystic
ovarian syndrome. In 1917 Slemons and
Bogert first noticed that UA was elevated
in pre-eclampsia/eclampsia, and elevated
UA is now recognized as a stable
biomarker in these conditions ©. An
increased level of SUA in pregnancy may
also lead to the development of gestational
DM (GDM) by 4%. HU may be a marker
for an increased risk of erectile dysfunction
(ED) and male infertility. Each 1 mg/dL
increment in SUA level is associated with
a twofold increased risk of ED €9, Ocular
abnormalities like retinopathy, dry eye
syndrome, red-eye, uveitis, glaucoma, and
cataracts are associated with high UA ©9,
High salivary UA is associated with
periodontitis and recurrent aphthous ulcer.

Life Span

According to a new study by
researchers at the University of Limerick's
School of Medicine, high values of serum

uric acid can reduce lifespans by up to 11
years for men and six years for women ©2),

DISCUSSION

Non-communicable diseases have
become the leading cause of morbidity and
mortality. It Kills 41 million people yearly,
equivalent to 71% of all deaths globally, and
is an epidemic now. Meanwhile, there is an
exponential increase in the prevalence of
hyperuricemia in the entire world. Recent
works of literature quoted that HU is linked
not only to cardio-reno-metabolic disorders
but many more to add to this list. HU is not
synonymous with gout. The association
between NCDs and hyperuricemia has
become more pronounced in recent years
and goes hand in hand. HU may be
symptomatic or asymptomatic; this UA
debate was two decades ago. Today HU is
more of a metabolic disorder than a
crystallization disease. Uric acid has
recently regained clinical interest and
popularity based on emerging data
suggesting  the  causative  role  of
hyperuricemia in NCDs and many other
conditions. It is time to change the term
asymptomatic hyperuricemia; it is a killer
disease now. The detrimental effect of
hyperuricemia starts even earlier than the
HU value of 7mg/dL. The incompletely
explained and invisible relationship between
uric acid and diabetes has gradually become
a hot topic for researchers, making them
more straightforward now. Does uric acid
have a causal role in developing NCDs
mediated by systemic inflammations? The
answer is yes, as numerous recent studies
have shown that a reduction in SUA reduces
inflammatory markers.

In gout and even patients with tophi,
uric acid may be normal. All hyperuricemia
is not symptomatic, and all gout patients are
not hyperuricemic. However, there can be
systemic inflammation in both these groups
of people. Hyperuricemia is not gout
equivalent or vice versa and is a metabolic
disorder. Gout is one of the few clinical
manifestations of hyperuricemia, which is
painful, whereas other significant groups are
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painless and comfortably categorized as
asymptomatic hyperuricemia. This
asymptomatic HU is a causal factor for
many NCDs. Researchers now recommend
that HU be included in the metabolic
syndrome criteria.

A few diabetes patients may be
asymptomatic; most hypertensive and
dyslipidemia patients are asymptomatic.
These patients are not referred to as
asymptomatic  diabetes, asymptomatic
hypertension, or asymptomatic dyslipidemia
but treated based on target values. Even
painless acute myocardial infarction may
come across. Pain should not be the criteria
for diagnosis and treatment in metabolic
disorders. Pre-hyperuricemia, like
prediabetes and pre-HTN, needs to be
screened, diagnosed early and managed to
prevent the progression of many NCDs and
their complications. Like prediabetes, pre-
HU is also reversible with lifestyle
modifications. HU and DM are siblings
now; manage them with the same weapon.
In the current century, hyperuricemia is
diabetes equivalent. It should not be ignored
that during the long journey of pre-HU to
HU, the whole endothelium is exposed to
inflammatory changes that may lead to the
development of many NCDs and organ
injuries. Prevention is always better than
treatment and hence pre-HU deserves more
attention to control the metabolic explosion.

Management of Pre-Hyperuricemia
Pharmacological: The available uric acid
lowering drugs have more adverse effects
and drug interactions. Present evidence does
not satisfy to recommend pharmacological
therapy in  pre-HU.  Treat  other
comorbidities with drugs that reduce UA,
like losartan, fenofibrate, and SGLT 2
inhibitors.

Non-Pharmacological: The mouth is the
gateway for many diseases, especially
metabolic ones. Once the food entry is
controlled, pre-HU and many metabolic

studies, lifestyle measures reduce SUA by
1mg/dL ®®. Recommend a low purine diet,
limit red meat, alcohol, and high fructose-
containing food. Encourage low-fat milk
products, adequate water intake, regular
exercise, and maintaining ideal body
weight. Maintain the SUA level at a safer
level of less than 6mg/dL in men and less
than 5mg/dL in women to prevent the
development of systemic inflammation.

CONCLUSION

The epidemiology of hyperuricemia
has changed globally during the last two
decades due to the drastic change in our
lifestyle, and its prevalence is on the rise.
The uric acid controversies are melting now,
and the association between hyperuricemia
and  non-communicable  diseases s
becoming clearer and stronger. The
molecular mechanism involved is uric acid-
induced  systemic inflammation  and
endothelial dysfunction. This starts even
before the present cutoff value of
hyperuricemia which is proved by lowering
the uric acid level; there is a reduction of
inflammatory markers and even reversing
many uric acid-related diseases. Uric acid
could emerge as one of the most important
risk factors ever identified for many NCDs
in the near future. For getting acceptance,
early diagnosis, treatment, and preventing
the development of many uric acid-related
diseases and their complications, the high
normal value of serum uric acid may name
as pre hyperuricemia. Lifestyle modification
is the best measure we can adopt in this
stage because of the non-availability of safe
uric acid-lowering drugs. Identifying one
step before the early stage of the disease is
the best and intelligent method to prevent
many  cardio-reno-metabolic  diseases.
Maintain the SUA level at a safer level. The
authors conclude this article with some
exaggeration that if we can control SUA at
the level below prehyperuricemia, we can
“eradicate” this oldest disease gout, and

disorders can be prevented. In pre-HU, prevent the development of many
lifestyle modification is cost-effective and hyperuricemia-related diseases.
straightforward.  According to various

International Journal of Research and Review (ijrrjournal.com) 7

Vol. 9; Issue: 6; June 2022



GR Subbu.et.al. Prehyperuricemia: new milestone in metabolic disorders

Declarations

Acknowledgement: None

Conflict of Interest: The authors have
disclosed no conflict of interests.

Source of Funding: Nil

Ethics approval: Not applicable

Consent to participate: Not applicable
Consent for publication: The authors have
full right to publish the manuscript.
Availability of data and material: These
are available upon reasonable request.
Authors’ contributions: Conception and
design: G R Subbu; Collection and
assembly of data: G.R. Subbu, Anita N;
Analysis and interpretation of the data: G R
Subbu, K Hari; Drafting of the article: G R
Subbu; Critical revision of the article for
important intellectual content: G R Subbu;
Administrative, technical, or logistic
support: G R Subbu, Martin M; Final
approval of the manuscript: G R Subbu.

REFERENCES

1. Wu, X., Muzny, et al. Two independent
mutational events in the loss of urate oxidase
during hominoid evolution. J Mol Evol.1992;
34:78-84.

2. Tuhina Neogi; Asymptomatic hyperuricemia-
perhaps not so benign?, J Rheumatol.
2008;35(5):734-7.

3. Arun Kumar Kundu; Gout in Indian Scenario.
Medicine Update, Vol. 23; 2013, Chapter 98,
page 445-458.

4, Yu W, Cheng J-D; Uric Acid and
Cardiovascular Disease: An Update From
Molecular Mechanism to Clinical Perspective.
Front. Pharmacol.16.2020.

5. Smith E, March L; Global Prevalence of
Hyperuricemia: A Systematic Review of
Population-Based Epidemiological Studies
[abstract]. Arthritis Rheumatol. 2015; 67
(suppl 10).

6. Hao, Y., Li, H., Cao, et al. Uricase and
Horseradish Peroxidase Hybrid CaHPO4 Nano
flower Integrated with  Transcutaneous
Patches for Treatment of Hyperuricemia. J.
Bio-Med Nanotechnol. 2019; 1;15(5):951-
965.

7. G Singh, B Lingala, A Mithal; Gout and
hyperuricemia in the USA: prevalence and
‘trends, Rheumatology, Vol 58, (12), 2019;
2177-2180.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kang DH, Ha SK; Uric acid puzzle: dual role
as antioxidant and pro-oxidant; Electrolyte
Blood Press. 2014; 12(1): 1-6.

Xiao, J., Zhang, X. L., Fu, et al. Soluble uric
acid increases NALP3 inflammasome and
interleukin-lbeta  expression in  human
primary renal proximal tubule epithelial cells
through the Toll-like receptor 4-mediated
pathway. Int. J. Mol. Med.2015; 35 (5), 1347-
1354.

Li, Z., Shen, Y., Chen, et al. High Uric Acid
Inhibits Cardiomyocyte Viability Through the
ERK/P38 Pathway via Oxidative Stress. Cell
Physiol. Biochem.2018; 45 (3), 1156-1164.
Zhi, L., Yuzhang, Z., Tianliang, et al. High
Uric Acid Induces Insulin Resistance in
Cardiomyocytes In Vitro and In Vivo. PloS
One, 2016 F; 2;11(2): e0147737.

Maruhashi T, Hisatome I, Kihara Y, et al.
Hyperuricemia and endothelial function: From
molecular background to clinical perspectives.
Atherosclerosis 2018; Vol. 278, 226-231.

Li, P., Zhang, L, et al. Uric acid enhances
PKC-dependent eNOS phosphorylation and
mediates cellular ER stress: A mechanism for
uric acid-induced endothelial dysfunction. Int.
J. Mol. Med. 2016; 37 (4):989-97.

Sautin Y'Y, Nakagawa T, Zharikov S, et al.
Adverse effects of the classic antioxidant uric
acid in adipocytes: NADPH oxidase-mediated
oxidative/nitrosative stress, Am J Physiol Cell
Physiol, 2007; vol. 293(2): C584-96.

Ruggiero C, Cherubini A, Ble A, et al. Uric
acid and inflammatory markers. Eur Heart J
2006; 27:1174-81.

Shinichiro Inaba, Yuri Sautin; What can
asymptomatic hyperuricemia and systemic
inflammation in the absence of gout tell us?
Rheumatology, Volume 52, Issue 6, June
2013, Pages 963-965.

Jesse Dawson and Annick Wyss; Chicken or
the Egg? Hyperuricemia, Insulin Resistance,
and Hypertension., Hypertension 2017;70
(4):698-699.

Kanbay M, Ozkara A, Selcoki Y, et al. Effect
of treatment of hyperuricemia with allopurinol
on blood pressure, creatinine clearance, and
proteinuria in patients with normal renal
functions. Int Urol Nephrol, 2007; vol. 39;
1227-33.

Goicoechea M, de Vinuesa SG, Verdalles U,
et al. Effect of allopurinol in chronic kidney
disease progression and cardiovascular risk.
Clin J Am Soc Nephrol, 2010; vol. 5, 1388-
93.

Yiginer O, Ozcelik F, Inanc T, et al.
Allopurinol improves endothelial function and

International Journal of Research and Review (ijrrjournal.com) 8
Vol. 9; Issue: 6; June 2022



21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

GR Subbu.et.al. Prehyperuricemia: new milestone in metabolic disorders

reduces oxidant-inflammatory enzyme of
myeloperoxidase in metabolic syndrome. Clin
Res Cardiol,2008; vol.97; 334-40.

Grainger R, McLaughlin RJ, Harrison A, et al.
Hyperuricemia elevates circulating CCL2
levels and primes monocyte trafficking in
subjects with inter-critical gout.
Rheumatology,2013; vol. 52; 1018-21.
Silbernagel G, Hoffmann MM, Grammer TB,
et al. Uric acid is predictive of cardiovascular
mortality and sudden cardiac death in subjects
referred for coronary angiography. Nutr
Metab Cardiovasc Dis 2013; 23 (1):46-52.
Kleber ME, Delgado G, Grammer TB, et al.
Uric acid and cardiovascular events: a
mendelian randomization study. J Am Soc
Nephrol. 2015; 26(11):2831-8.

Cannon PJ, Stason WB, Demartini FE, et al.
Hyperuricemia In  Primary and Renal
Hypertension. N Engl J Med 1966; 275:457—
464.

Grayson PC, Young Kim S, Lavalley M, Choi
HK. Hyperuricemia and incident
hypertension: A systematic review and meta-
analysis. Arthritis Care Res 2011; 63:102-
110.

Feig DI, Kang DH, Johnson RG; Uric acid
and Cardiovascular Risk. N Engl J Med. 2008;
359:1811-1821.

L Liu, Y Gu, K Niu; Serum uric acid is an
independent  predictor for  developing
prehypertension: a population-based
prospective cohort study. J Hum Hypertens
2017;31 (2):116-120.

Masanari Kuwabara, Ichiro Hisatome; Uric
Acid Is a Strong Risk Marker for Developing
Hypertension From Prehypertension.
Hypertension. 2018; 71(1): 78-86.

Osman Turak, Firat Ozcan; Serum uric acid,
inflammation, and non-dipping circadian
pattern in essential hypertension., J Clin
Hypertens (Greenwich).2013;15(1):7-13.

Feig DI, Soletsky B, Johnson RJ: Effect of
allopurinol on blood pressure of adolescents
with newly diagnosed essential hypertension:
A randomized trial. JAMA 2008,
27;300(8):924-32.

Marco Canepa, Francesca Viazzi, James B.
Strait, et al., Longitudinal Association
between Serum Uric Acid and Arterial
Stiffness: Results from the Baltimore
Longitudinal Study of Aging. Hypertension:
2017; 69(2): 228-235.

Li, M., Hu, et al.; Hyperuricemia and the risk
for coronary heart disease morbidity and
mortality a systematic review and dose-

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

response meta-analysis. Sci Rep 6, 19520
(2016).

Xin Chen, Yan Li; Association of Serum Uric
Acid With Aortic Stiffness and Pressure in a
Chinese Workplace Setting. Am J Hypertens
2010; 23(4):387-92.

Deng Y, Liu F, Yang X, et al.; The Key Role
of Uric Acid in Oxidative Stress,
Inflammation,  Fibrosis, Apoptosis, and
Immunity in the Pathogenesis of Atrial
Fibrillation. Front. Cardiovasc. Med.,26,2021;
8:641136.

H Huang, B Huang, Y Li, et al.; Uric acid and
risk of heart failure: a systematic review and
meta-analysis. Eur J Heart Fail 2014,
16(1):15-24.

Choi, H. K. & Ford, E; Prevalence of the
metabolic syndrome in individuals with
hyperuricemia. Am J Med 2007; 120(5):442-
7.

Zhang, M.-l., Gao, et al.; Serum uric acid and
appropriate cutoff value for prediction of
metabolic syndrome among Chinese adults. J
Clin Biochem Nutr 2013; 52(1):38-42.
Dehghan A.,van Hoek M.Sijbrands E.J.et al;
High serum uric acid as a novel risk factor for
type 2 diabetes. Diabetes Care 2008;
31(2):361-2.

Griffiths M.; The mechanism of the
diabetogenic action of uric acid. J Biol Chem.
1950; 184:289-98.

Vidula Bhole, Jee Woong J. Choi, et al;
Serum Uric Acid Levels and the Risk of Type
2 Diabetes: A Prospective Study.; Am J Med
2010; 123(10):957-61.

Michal Shani, Shlomo Vinker, Dganit Dinour,
et al.; High Normal Uric Acid Levels Are
Associated with an Increased Risk of Diabetes
in Lean, Normoglycemic Healthy Women. J
Clin Endocrinol Metab 2016 ;101(10):3772-
3778.

Masanari  Kuwabara, Claudio  Borghi;
Elevated serum uric acid increases risks for
developing high LDL cholesterol and
hypertriglyceridemia. Int J Cardiol 2018;
15;261,183-188.

Denic A, Mathew J, Lerman LO, et al;
Single-nephron glomerular filtration rate in
healthy adults. N Engl J Med:2017; 15;
376(24):2349-2357.

Feig DI, Nakagawa T, Karumanchi SA, et al.;
Hypothesis: uric acid, nephron number, and
the pathogenesis of essential hypertension.
Kidney Int: 2004; 66(1):281-7.

Momeni A, Shahidi S, Seirafian S, et al.;
Effect of allopurinol in decreasing proteinuria

International Journal of Research and Review (ijrrjournal.com) 9
Vol. 9; Issue: 6; June 2022



46.

47.

48.

49.

50.

51.

52.

53.

GR Subbu.et.al. Prehyperuricemia: new milestone in metabolic disorders

in type 2 diabetic patients. Iran J Kidney Dis;
2010;4(2):128-32.

Marian Goicoechea, Soledad Garcia de
Vinuesa., Effect of Allopurinol in Chronic
Kidney Disease Progression and
Cardiovascular Risk; Clin J Am Soc Nephrol,
2010; 5(8):1388-93.

Kanbay M, Ozkara A, Selcoki Y, et al.; Effect
of treatment of hyperuricemia with allopurinol
on blood pressure, creatinine clearance, and
proteinuria in patients with normal renal
function. Int Urol Nephrol :2007; 39(4):1227-
33.

Siu YP, Leung KT, Tong MK, et al.; Use of
allopurinol in slowing the progression of renal
disease through its ability to lower serum uric
acid level. Am J Kidney Dis2006; 47(1):51-9.
Li L, Yang C, Zhao Y, et al; Is
hyperuricemia an independent risk factor for
new-onset chronic kidney disease? A
systematic review and meta-analysis based on
observational cohort studies. BMC Nephrol
2014; 27; 15:122.

Tanaka K, Hara S, Hattori M, et al.; Role of
elevated serum uric acid levels at the onset of
overt nephropathy in the risk for renal
function decline in patients with type 2
diabetes. J Diabetes Investig 2015; 6 (1):98-
104.

Chalasani, N. et al. The diagnosis and
management of non-alcoholic fatty liver
disease: Practice Guideline by the American
Association for the Study of Liver Diseases,
American College of Gastroenterology and the
American Gastroenterological Association.
Hepatology 2012; 55(6):2005-23.

Lonardo A, Loria P, Leonardi F, et al. Fasting
insulin and uric acid levels but not indices of
iron metabolism are independent predictors of
non-alcoholic fatty liver disease. A case-
control study. Dig Liver Dis 2002; 34(3):204-
11.

Yuan H, Yu C, Li X et al.: Serum uric acid
levels and risk of metabolic syndrome: A
dose-response meta-analysis of prospective

54

55.

56.

57.

58.

59.

60.

61.

62.

63.

. Suzuki, 1., Yamauchi, T., et al.; Allopurinol,
an inhibitor of uric acid synthesis—can it be
used for the treatment of metabolic syndrome
and related disorders? Drugs Today (Barc).
2009, 45(5):363-78.

Lehto S, Niskanen L, Ronnemaa T, et al,;
Serum uric acid is a strong predictor of stroke
in  patients with  non-insulin-dependent
diabetes mellitus. Stroke:1998; 29(3):635-9.
Latourte A., Soumaré A., Bardin T, et al.; Uric
acid and incident dementia over 12 years of
follow-up: A population-based cohort study.
Ann. Rheum. Dis.2018; 77(3):328-335.
Konstantinos B, Andriana, Papaioannou, et
al.; Serum uric acid as a predictor of mortality
and future exacerbations of COPD. Eur Respir
J 2014;43(1):43-53.

Jingwen Ma, Youyu Sheng, and Zhengyin
Lao; Hyperuricemia is associated with
androgenetic alopecia in men. J Cosmet
Dermatol, 2020; 19(11):3122-3126.

Fadel HE, Sabar MS, Mahran M, et al. Serum
uric acid in Preeclampsia and eclampsia. J
Egypt Med Assoc, 1969; 52:12-23.

Sepehr Salem, Abdolrasoul Mehrsai, Reza
Heydari, et al.; Serum Uric Acid as a Risk
Predictor for Erectile Dysfunction., J Sex Med
2014;11(5):1118-24.

Yael Sharon; Current Rheumatology Reports,
Review of Ocular Abnormalities in Gout and
Hyperuricemia.,Curr Rheumatol Rep 2016;
18(6):37.

Leonard D Browne, Fatima-Zahra Jaouimaa,
Cathal Walsh; Eur J Intern Med 2021; 84:46-
55.

GR Subbu, Anita N, K Hari; Nutrition in
Gout. Medicine Updates, Vol-30: 2020.
Chapter- 241, p 1034-36.

How to cite this article: GR Subbu., Anita N., K
Hari et.al. Prehyperuricemia: new milestone in

metabolic disorders.

International Journal of

Research and Review. 2022; 9(6): 1-10.
DOI: https://doi.org/10.52403/ijrr.20220601

studies. J Clin Endocrinol Metab 2015;
100(11):4198-207.
*kkkkikk
International Journal of Research and Review (ijrrjournal.com) 10

Vol. 9; Issue: 6; June 2022



