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ABSTRACT

Serum uric acid is measured in almost every routine biochemistry panel, and in adults of

middle age it tends to run higher in people who also have central obesity, raised blood

pressure, disturbed lipids and impaired glucose handling, the cluster called metabolic

syndrome. Whether uric acid is a useful marker of that cluster, a contributor to it, or simply a

bystander carried along by the same causes is still argued. This narrative review summarises

published work on how urate is produced and excreted, how insulin resistance and diet shift

it, the mechanisms proposed to link it to vascular and metabolic disease, and what cohort

studies, genetic studies and treatment trials have and have not shown. Associations in cohorts

are consistent, while studies that use genetic variants as instruments give little support to a

causal effect on blood pressure or heart disease, and trials of urate lowering are few and small.

The review argues that uric acid is best treated as a marker of risk whose causal role is

unproven, describes the confounding that makes interpretation difficult, and lists the evidence

that would settle the question. No new data are reported.
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1. Introduction

Uric acid is the end product of purine

breakdown in humans, and it is one of the

cheapest numbers on a routine

biochemistry report. For most of the

twentieth century it belonged to the

rheumatologist, because very high

concentrations lead to crystal deposition

and gout (1, 2). That picture has widened.

Surveys of general populations show that

raised urate is common, and that it travels

with a long list of other conditions, among

them hypertension, diabetes, kidney

disease and obesity (3, 4).

Metabolic syndrome is the clustering of

central obesity, raised blood pressure,

DOI: https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26 Indo-Am. J. of Life Sc & Bt  |  Vol. 11, Issue 3, 2014  |  pp 19-26

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-4909-1351
https://orcid.org/0000-0001-3022-5196
https://orcid.org/0000-0001-4524-0049
mailto:k.jablonski@kims.edu.pl
mailto:h.brockhaus@hib-s.de
mailto:d.magalhaes@mvihr.pt
https://orcid.org/0000-0001-4909-1351
https://orcid.org/0000-0001-3022-5196
https://orcid.org/0000-0001-4524-0049
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26


Indo-Am. J. of Life Sc & Bt. 2014 ISSN 2347-2243  iajlb.org

Vol.11, Issue 3, 2014

20Jablonski, Brockhaus and Magalhaes, 2014 | 10.62644/iajlb.2014.v11.i3.pp19-26

atherogenic lipid changes and disturbed

glucose handling in one person.

Definitions have been brought closer

together without being made identical (5,

6). The syndrome is common (7), is

associated with later cardiovascular

disease (8), and its status as a distinct

entity has been questioned (9).

It is no surprise that urate and metabolic

syndrome have been studied together.

Adults with raised urate are more likely to

meet the criteria for the syndrome (10),

and the pattern has been seen in young

people too (11). What is less certain is its

meaning: uric acid might mark the

syndrome, help to cause it, or rise as a

consequence. This review sets out the

biology of urate, the proposed

mechanisms, and the epidemiological,

genetic and trial evidence for middle-aged

adults. It reports no measurements of its

own, and the title should not be read as

describing a local study. The aim is a fair

account of what has been shown, as against

what has merely been repeated.

2. Literature Review

2.1 How the Body Handles Urate

Humans, unlike most mammals, lack a

working uricase, so purine metabolism

ends at uric acid. Urate in blood reflects a

balance between production, from

nucleotide breakdown and dietary purines,

and elimination, mostly by the kidney.

Identification of a urate�anion exchanger

in the proximal tubule showed that

transporters, not just filtration, set the

blood concentration (12), and

genome-wide studies have linked common

variants in several transporter genes to

serum urate and gout (13, 14).

Diet and body composition matter too.

Purine-rich foods such as meat and

seafood raise the risk of gout, whereas

dairy protein appears protective (15). Beer

and spirits are associated with higher urate

(16), as are sugar-sweetened drinks and

fructose (17, 18, 19), a point that matters

because fructose is central to one theory of

metabolic syndrome. Table 1 lists these

influences.

Table 1. Common influences on serum urate in
middle-aged adults.

Influence Direction Source

Sugar-sweetened

drinks and

fructose

Raise (17, 18, 19)

Purine-rich foods,

mainly meat and

seafood

Raise (15)

Beer and spirits Raise (16)

Visceral fat

accumulation
Raise (20)

Weight loss with

diet change
Lower (21)

Common genetic

variants in urate

transporters

Raise or

lower
(12, 13, 14)

Note: Directions are those reported in the cited

surveys and cohorts; magnitudes are omitted because

they differ by population.

2.2 Urate in the Metabolic Cluster

Large surveys find that the prevalence of

metabolic syndrome climbs across

increasing bands of serum urate (10), and

the relation holds in young people (11).

The cohorts differ in age, sex, body size

and criteria, which makes it hard to say

what a single threshold means.

The physiology runs in both directions.

Insulin reduces renal excretion of urate, so

people with insulin resistance and

hyperinsulinaemia tend to show reduced

clearance, one of the first explanations

offered for the clustering (22, 23). In the

other direction, visceral fat has been linked

to overproduction of urate (20). A raised

urate could therefore be a result of the

metabolic state before it is anything else,

as Figure 1 sketches. This is one reason the

same marker can look decisive in one

report and unremarkable in the next.
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Figure 1. Proposed relations between urate, diet,

the kidney and the features of metabolic syndrome

(schematic, not data).

2.3 Proposed Mechanisms of Harm

Experimental work suggests that urate

could be more than a passive marker. In

rats, a high-fructose diet produced features

of metabolic syndrome and lowering urate

prevented some of them (24), and a

broader synthesis argues that

fructose-driven urate generation promotes

fat accumulation and insulin resistance

(25). In culture, urate caused oxidative

stress in fat cells (26) and was linked with

impaired endothelial function (27). Raised

urate also lifted blood pressure in rats by a

crystal-independent mechanism (28). Most

of these findings come from animals or

isolated cells, so they show what is

possible rather than what happens in

people. Table 2 collects the proposals and

their weaknesses.

The picture has a complication. Urate is

also a powerful antioxidant in plasma, and

an early hypothesis held that it protected

humans against oxidant damage (30). The

same molecule can be protective outside

cells and pro-oxidant inside them (31), so

simple statements that urate is good or bad

for vessels are unlikely to be right. That

sounds like a small distinction, yet much of

the argument turns on it.

Table 2. Mechanisms proposed to link raised
urate with metabolic syndrome.

Proposed link
Type of

evidence
Main caveat

Fructose raises

urate and fat

deposition

Animal work,

feeding studies

(24, 25)

Human relevance

of doses debated

Urate injures

the

endothelium

Cell and animal

work (27)

Intracellular and

plasma urate

differ

Urate stresses

fat cells

Cell culture

(26)

Not shown in

people

Raised urate

lifts blood

pressure

Rat model; one

small trial (28,

29)

Short follow-up,

young patients

Insulin

resistance

lowers urate

excretion

Physiological

studies (22, 23)

Points the

opposite way

round

Note: Qualitative summary of the literature discussed

in the text; the strength of evidence differs widely

between rows.

2.4 Evidence from Cohorts, Genes and
Trials

Prospective cohorts have found that higher

urate predicts later hypertension (32), type

2 diabetes (33, 34) and coronary events

(35). The associations are modest and in

several analyses weaken once other risk

factors are considered, and reviews have

reached cautious conclusions about urate

as a risk factor in its own right (36, 37).

Genetic studies offer a different test. If a

person inherits variants that raise urate for

life, and those variants are unrelated to the

usual confounders, their link with disease

reflects causal effects, provided other

assumptions hold (38). A large analysis in

two cohorts found that genetically higher

plasma urate was not convincingly

associated with ischaemic heart disease or

blood pressure, although observational

estimates had pointed that way (39). This

does not rule out small effects, and it

concerned heart disease and blood pressure

more than the whole syndrome.
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Treatment trials are the third source, and

they are scarce. A small randomised trial in

hypertensive adolescents found that

allopurinol lowered blood pressure (29),

and a trial in chronic kidney disease

reported benefit for kidney progression and

cardiovascular events (40). Neither tested

middle-aged adults with metabolic

syndrome (Figure 2). Absence of a finding

in a small study is not evidence that

nothing is there.

Figure 2. Qualitative reading of three kinds of

evidence for three outcomes (schematic, not data).

3. Materials and Methods

3.1 Scope

The review asks whether serum uric acid

in middle-aged adults is a marker of

metabolic syndrome, a contributor to it, or

both, and what would be needed to tell the

difference.

3.2 Literature Assembly

We drew on peer-reviewed work in

clinical biochemistry, epidemiology and

genetics, chosen for relevance, influence

and clarity of method. No formal

systematic search was run and none is

claimed; this is a narrative synthesis

shaped by the authors� judgement, so

effect estimates from individual studies are

deliberately not quoted.

3.3 Appraisal Framework

To weigh the studies we asked four

questions of each design. Was urate

measured in a way that fits the question?

Were adiposity, diet, alcohol and

medication handled adequately? Was the

direction of effect examined, for instance

with genetic instruments or intervention?

Were the conclusions proportionate to the

design? Table 3 lists what each kind of

study can and cannot show.

Table 3. Kinds of evidence on uric acid and
cardiometabolic disease, and what each can

show.

Design Can show Cannot show

Cross-sectional

surveys

Co-occurrence at

one time (4, 10)
Order of events

Prospective

cohorts

Urate preceding

disease (33, 41)

Freedom from

confounding

Meta-analyses

Consistency

across cohorts

(32, 35)

Causation, if

inputs are biased

Genetic

instruments

Effect of lifelong

urate difference

(38, 39)

Effect of

short-term

lowering

Randomised

trials

Effect of

lowering urate

(29, 40)

Long-term

outcomes, when

small

Note: Appraisal is the authors� qualitative reading of

the design type, not a scoring of any individual study.

4. Results

4.1 What the Association Looks Like

Across surveys and cohorts the association

is consistent in direction. Adults with

metabolic syndrome have on average

higher urate than those without (4, 10), and

prospective studies, though not all, find

that higher baseline urate precedes the

syndrome, diabetes or hypertension (32,

33, 41). Meta-analysis supports a modest

link with coronary disease (35).

The size of the association is harder to pin

down. Estimates differ with the definition

of the syndrome, sex, age and ethnic

group, and the studies seldom agree on

which feature carries the link; urate is also
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related to insulin resistance in Asian adult

populations (42). Because several

components of the syndrome themselves

raise urate, adjustment for all of them can

remove most of what is left, and the

investigator must decide whether that is

control for confounding or for a mediator.

Taken one at a time such differences look

minor, but they add up across a population.

4.2 Confounding and Reverse Causation

Three kinds of distortion recur. The first is

confounding by adiposity, diet and alcohol,

all of which push urate up and are risk

factors in their own right (16, 18, 20). The

second is kidney function: reduced

filtration raises urate and also raises

cardiovascular risk, so the two can move

together without a causal link (4, 36). The

third is reverse causation, in which insulin

resistance lowers urate excretion and so

raises the number we measure (22).

Association of this kind is a reason to look

further, not a reason to act.

4.3 Does Lowering Urate Help?

If urate were a cause, lowering it should

help. The adolescent allopurinol trial

suggests that blood pressure can respond

(29), but participants were young and the

trial short; the kidney trial was open-label

and selected by kidney disease (40). We

found no adequately large randomised trial

in middle-aged adults with metabolic

syndrome among the sources reviewed.

The genetic data cut the other way. If

lifelong exposure to higher urate does not

raise heart disease or blood pressure (39),

the cohort associations probably reflect

shared causes. That inference has limits,

since genetic instruments for urate are

partly entangled with kidney and metabolic

traits. A fair reading is that the causal case

is unproven, not refuted.

Figure 3 turns the appraisal into three

questions, and putting the strands together

a defensible summary is brief. Urate is

reliably associated with the cluster, the

associations probably reflect a large share

of shared causes and reverse effects, a

causal contribution has not been

established and may be small, and

treatment trials are too few to settle the

matter. It is a modest claim, and it is the

one the literature will currently bear.

Figure 3. Three questions to ask before treating a

raised urate as a cause (schematic, not data).

5. Discussion

5.1 Interpretation and Clinical Reading

For the laboratory and the clinician, the

most useful position is that serum uric acid

is a marker. It is cheap, reproducible and

available, and a raised value should prompt

attention to weight, diet, alcohol, kidney

function and medication, along with the

other components of the syndrome (5, 6).

Reducing sugary drinks, alcohol and

excess weight lowers urate and also

improves the metabolic profile for reasons

unrelated to urate (17, 19, 21), which

makes causation harder to test than it first

appears. The strongest reason for caution is

the conflict between the cohort data and

the weak genetic signal (39); treatment of

asymptomatic hyperuricaemia lies outside

this review (1, 2).

5.2 Limitations

This is a narrative review and shares the

weaknesses of the form. Selection of
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sources reflects judgement, no formal

scoring of study quality was done, and

numerical estimates are deliberately not

reported; a reader who needs an effect size

should consult the original papers.

Reviews are more useful when they say

where the evidence stops than when they

smooth it over.

5.3 What Would Settle the Question

Three kinds of study would help most.

First, large placebo-controlled trials of

urate lowering in middle-aged adults with

the syndrome and without gout, measuring

blood pressure, glycaemia and vascular

outcomes over several years. Second,

genetic studies that use many more

variants and try to separate urate from

kidney and metabolic traits (14, 38). Third,

long cohorts with repeated measures of

urate, body composition and kidney

function.

Until then, authors can improve reports by

stating how urate was measured, which

medicines participants took and how

kidney function was handled. These

cautions apply with equal force to many

other biomarkers.

6. Conclusion

Serum uric acid is consistently higher in

middle-aged adults who have the features

of metabolic syndrome, and prospective

studies suggest that it often rises before

disease appears, which makes it a

reasonable marker of cardiometabolic risk.

The evidence that it contributes to the

syndrome is weaker: mechanistic work is

suggestive but far from human practice,

genetic studies give little support to a

causal effect on blood pressure or heart

disease, and trials of urate lowering are

few and small. A raised urate therefore

calls for a look at the whole metabolic

picture, not for a conclusion about urate

itself.

7. Acknowledgements

The authors thank colleagues who

commented on earlier drafts of this review.

8. Funding

This work received no specific grant from

any funding agency in the public,

commercial or not-for-profit sectors.

9. Conflict of Interest

The authors declare no conflict of interest.

10. Author Contributions

K.J. conceived the review and wrote the

sections on clinical biochemistry and

interpretation. H.B. wrote the sections on

urate metabolism and mechanisms. D.M.

wrote the sections on epidemiology and

appraisal of study designs. All authors

revised the manuscript and approved the

final version.

11. Ethics Statement

This is a review of published literature. No

human participants or animals were

involved and no ethical approval was

required.

12. Data Availability

No new data were generated. All sources

are cited in the reference list.

13. References

1. Neogi, T. (2011). Gout. New England Journal of
Medicine, 364(5), 443�452. DOI:
10.1056/NEJMcp1001124

2. Richette, P., & Bardin, T. (2010). Gout. The Lancet,
375(9711), 318�328. DOI:
10.1016/S0140-6736(09)60883-7

3. Zhu, Y., Pandya, B. J., & Choi, H. K. (2011).
Prevalence of gout and hyperuricemia in the US
general population: The National Health and
Nutrition Examination Survey 2007�2008.
Arthritis & Rheumatism, 63(10), 3136�3141.
DOI: 10.1002/art.30520

4. Zhu, Y., Pandya, B. J., & Choi, H. K. (2012).
Comorbidities of gout and hyperuricemia in the
US general population: NHANES 2007�2008.
American Journal of Medicine, 125(7), 679�687.
DOI: 10.1016/j.amjmed.2011.09.033

DOI: https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26 Indo-Am. J. of Life Sc & Bt  |  Vol. 11, Issue 3, 2014  |  pp 19-26

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://www.nejm.org/doi/full/10.1056/NEJMcp1001124
https://doi.org/10.1016/S0140-6736(09)60883-7
https://onlinelibrary.wiley.com/doi/10.1002/art.30520
https://doi.org/10.1016/j.amjmed.2011.09.033
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26


Indo-Am. J. of Life Sc & Bt. 2014 ISSN 2347-2243  iajlb.org

Vol.11, Issue 3, 2014

25Jablonski, Brockhaus and Magalhaes, 2014 | 10.62644/iajlb.2014.v11.i3.pp19-26

5. Grundy, S. M., Cleeman, J. I., Daniels, S. R.,
Donato, K. A., Eckel, R. H., Franklin, B. A., �
Costa, F. (2005). Diagnosis and management of
the metabolic syndrome: An American Heart
Association/National Heart, Lung, and Blood
Institute scientific statement. Circulation,
112(17), 2735�2752. DOI:
10.1161/CIRCULATIONAHA.105.169404

6. Alberti, K. G. M. M., Eckel, R. H., Grundy, S. M.,
Zimmet, P. Z., Cleeman, J. I., Donato, K. A., �
Smith, S. C. (2009). Harmonizing the metabolic
syndrome: A joint interim statement. Circulation,
120(16), 1640�1645. DOI:
10.1161/CIRCULATIONAHA.109.192644

7. Ford, E. S., Giles, W. H., & Dietz, W. H. (2002).
Prevalence of the metabolic syndrome among US
adults: Findings from the Third National Health
and Nutrition Examination Survey. JAMA,
287(3), 356�359. DOI: 10.1001/jama.287.3.356

8. Mottillo, S., Filion, K. B., Genest, J., Joseph, L.,
Pilote, L., Poirier, P., � Eisenberg, M. J. (2010).
The metabolic syndrome and cardiovascular risk:
A systematic review and meta-analysis. Journal
of the American College of Cardiology, 56(14),
1113�1132. DOI: 10.1016/j.jacc.2010.05.034

9. Kahn, R., Buse, J., Ferrannini, E., & Stern, M.
(2005). The metabolic syndrome: Time for a
critical appraisal. Diabetes Care, 28(9),
2289�2304. DOI: 10.2337/diacare.28.9.2289

10. Choi, H. K., & Ford, E. S. (2007). Prevalence of
the metabolic syndrome in individuals with
hyperuricemia. American Journal of Medicine,
120(5), 442�447. DOI:
10.1016/j.amjmed.2006.06.040

11. Ford, E. S., Li, C., Cook, S., & Choi, H. K. (2007).
Serum concentrations of uric acid and the
metabolic syndrome among US children and
adolescents. Circulation, 115(19), 2526�2532.
DOI: 10.1161/CIRCULATIONAHA.106.657627

12. Enomoto, A., Kimura, H., Chairoungdua, A.,
Shigeta, Y., Jutabha, P., Cha, S. H., � Endou, H.
(2002). Molecular identification of a renal
urate�anion exchanger that regulates blood urate
levels. Nature, 417(6887), 447�452. DOI:
10.1038/nature742

13. Dehghan, A., K�ttgen, A., Yang, Q., Hwang, S. J.,
Kao, W. L., Rivadeneira, F., � Fox, C. S. (2008).
Association of three genetic loci with uric acid
concentration and risk of gout: A genome-wide
association study. The Lancet, 372(9654),
1953�1961. DOI:
10.1016/S0140-6736(08)61343-4

14. K�ttgen, A., Albrecht, E., Teumer, A., Vitart, V.,
Krumsiek, J., Hundertmark, C., � Gieger, C.
(2013). Genome-wide association analyses
identify 18 new loci associated with serum urate
concentrations. Nature Genetics, 45(2), 145�154.
DOI: 10.1038/ng.2500

15. Choi, H. K., Atkinson, K., Karlson, E. W., Willett,
W., & Curhan, G. (2004). Purine-rich foods, dairy
and protein intake, and the risk of gout in men.
New England Journal of Medicine, 350(11),
1093�1103. DOI: 10.1056/NEJMoa035700

16. Choi, H. K., & Curhan, G. (2004). Beer, liquor,
and wine consumption and serum uric acid level:
The Third National Health and Nutrition
Examination Survey. Arthritis & Rheumatism,
51(6), 1023�1029. DOI: 10.1002/art.20821

17. Choi, H. K., & Curhan, G. (2008). Soft drinks,
fructose consumption, and the risk of gout in
men: Prospective cohort study. BMJ, 336(7639),
309�312. DOI: 10.1136/bmj.39449.819271.BE

18. Choi, J. W. J., Ford, E. S., Gao, X., & Choi, H. K.
(2008). Sugar-sweetened soft drinks, diet soft
drinks, and serum uric acid level: The Third
National Health and Nutrition Examination
Survey. Arthritis & Rheumatism, 59(1), 109�116.
DOI: 10.1002/art.23245

19. Choi, H. K., Willett, W., & Curhan, G. (2010).
Fructose-rich beverages and risk of gout in
women. JAMA, 304(20), 2270�2278. DOI:
10.1001/jama.2010.1638

20. Matsuura, F., Yamashita, S., Nakamura, T.,
Nishida, M., Nozaki, S., Funahashi, T., &
Matsuzawa, Y. (1998). Effect of visceral fat
accumulation on uric acid metabolism in male
obese subjects: Visceral fat obesity is linked more
closely to overproduction of uric acid than
subcutaneous fat obesity. Metabolism, 47(8),
929�933. DOI: 10.1016/S0026-0495(98)90346-8

21. Dessein, P. H., Shipton, E. A., Stanwix, A. E.,
Joffe, B. I., & Ramokgadi, J. (2000). Beneficial
effects of weight loss associated with moderate
calorie/carbohydrate restriction, and increased
proportional intake of protein and unsaturated fat
on serum urate and lipoprotein levels in gout: A
pilot study. Annals of the Rheumatic Diseases,
59(7), 539�543. DOI: 10.1136/ard.59.7.539

22. Facchini, F., Chen, Y. D. I., Hollenbeck, C. B., &
Reaven, G. M. (1991). Relationship between
resistance to insulin-mediated glucose uptake,
urinary uric acid clearance, and plasma uric acid
concentration. JAMA, 266(21), 3008�3011. DOI:
10.1001/jama.1991.03470210072036

23. Reaven, G. M. (1988). Role of insulin resistance in
human disease. Diabetes, 37(12), 1595�1607.
DOI: 10.2337/diab.37.12.1595

24. Nakagawa, T., Hu, H., Zharikov, S., Tuttle, K. R.,
Short, R. A., Glushakova, O., � Johnson, R. J.
(2006). A causal role for uric acid in
fructose-induced metabolic syndrome. American
Journal of Physiology-Renal Physiology, 290(3),
F625�F631. DOI: 10.1152/ajprenal.00140.2005

25. Johnson, R. J., Nakagawa, T., Sanchez-Lozada, L.
G., Shafiu, M., Sundaram, S., Le, M., � Lanaspa,
M. A. (2013). Sugar, uric acid, and the etiology of

DOI: https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26 Indo-Am. J. of Life Sc & Bt  |  Vol. 11, Issue 3, 2014  |  pp 19-26

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.105.169404
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1001/jama.287.3.356
https://doi.org/10.1016/j.jacc.2010.05.034
https://doi.org/10.2337/diacare.28.9.2289
https://doi.org/10.1016/j.amjmed.2006.06.040
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.657627
https://www.nature.com/articles/nature742
https://doi.org/10.1016/S0140-6736(08)61343-4
https://www.nature.com/articles/ng.2500
https://www.nejm.org/doi/full/10.1056/NEJMoa035700
https://onlinelibrary.wiley.com/doi/10.1002/art.20821
https://doi.org/10.1136/bmj.39449.819271.BE
https://onlinelibrary.wiley.com/doi/10.1002/art.23245
https://doi.org/10.1001/jama.2010.1638
https://doi.org/10.1016/S0026-0495(98)90346-8
https://doi.org/10.1136/ard.59.7.539
https://doi.org/10.1001/jama.1991.03470210072036
https://doi.org/10.2337/diab.37.12.1595
https://journals.physiology.org/doi/10.1152/ajprenal.00140.2005
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26


Indo-Am. J. of Life Sc & Bt. 2014 ISSN 2347-2243  iajlb.org

Vol.11, Issue 3, 2014

26Jablonski, Brockhaus and Magalhaes, 2014 | 10.62644/iajlb.2014.v11.i3.pp19-26

diabetes and obesity. Diabetes, 62(10),
3307�3315. DOI: 10.2337/db12-1814

26. Sautin, Y. Y., Nakagawa, T., Zharikov, S., &
Johnson, R. J. (2007). Adverse effects of the
classic antioxidant uric acid in adipocytes:
NADPH oxidase-mediated oxidative/nitrosative
stress. American Journal of Physiology-Cell
Physiology, 293(2), C584�C596. DOI:
10.1152/ajpcell.00600.2006

27. Khosla, U. M., Zharikov, S., Finch, J. L.,
Nakagawa, T., Roncal, C., Mu, W., � Johnson,
R. J. (2005). Hyperuricemia induces endothelial
dysfunction. Kidney International, 67(5),
1739�1742. DOI:
10.1111/j.1523-1755.2005.00273.x

28. Mazzali, M., Hughes, J., Kim, Y. G., Jefferson, J.
A., Kang, D. H., Gordon, K. L., � Johnson, R. J.
(2001). Elevated uric acid increases blood
pressure in the rat by a novel crystal-independent
mechanism. Hypertension, 38(5), 1101�1106.
DOI: 10.1161/hy1101.092839

29. Feig, D. I., Soletsky, B., & Johnson, R. J. (2008).
Effect of allopurinol on blood pressure of
adolescents with newly diagnosed essential
hypertension: A randomized trial. JAMA, 300(8),
924�932. DOI: 10.1001/jama.300.8.924

30. Ames, B. N., Cathcart, R., Schwiers, E., &
Hochstein, P. (1981). Uric acid provides an
antioxidant defense in humans against oxidant-
and radical-caused aging and cancer: A
hypothesis. Proceedings of the National Academy
of Sciences, 78(11), 6858�6862. DOI:
10.1073/pnas.78.11.6858

31. Sautin, Y. Y., & Johnson, R. J. (2008). Uric acid:
The oxidant�antioxidant paradox. Nucleosides,
Nucleotides and Nucleic Acids, 27(6), 608�619.
DOI: 10.1080/15257770802138558

32. Grayson, P. C., Kim, S. Y., LaValley, M., & Choi,
H. K. (2011). Hyperuricemia and incident
hypertension: A systematic review and
meta-analysis. Arthritis Care & Research, 63(1),
102�110. DOI: 10.1002/acr.20344

33. Kodama, S., Saito, K., Yachi, Y., Asumi, M.,
Sugawara, A., Totsuka, K., � Sone, H. (2009).
Association between serum uric acid and
development of type 2 diabetes. Diabetes Care,
32(9), 1737�1742. DOI: 10.2337/dc09-0288

34. Dehghan, A., van Hoek, M., Sijbrands, E. J. G.,
Hofman, A., & Witteman, J. C. M. (2008). High
serum uric acid as a novel risk factor for type 2
diabetes. Diabetes Care, 31(2), 361�362. DOI:
10.2337/dc07-1276

35. Kim, S. Y., Guevara, J. P., Kim, K. M., Choi, H.
K., Heitjan, D. F., & Albert, D. A. (2010).
Hyperuricemia and coronary heart disease: A
systematic review and meta-analysis. Arthritis
Care & Research, 62(2), 170�180. DOI:
10.1002/acr.20065

36. Feig, D. I., Kang, D. H., & Johnson, R. J. (2008).
Uric acid and cardiovascular risk. New England
Journal of Medicine, 359(17), 1811�1821. DOI:
10.1056/NEJMra0800885

37. Johnson, R. J., Kang, D. H., Feig, D., Kivlighn, S.,
Kanellis, J., Watanabe, S., � Mazzali, M. (2003).
Is there a pathogenetic role for uric acid in
hypertension and cardiovascular and renal
disease? Hypertension, 41(6), 1183�1190. DOI:
10.1161/01.HYP.0000069700.62727.C5

38. Davey Smith, G., & Ebrahim, S. (2003).
�Mendelian randomization�: Can genetic
epidemiology contribute to understanding
environmental determinants of disease?
International Journal of Epidemiology, 32(1),
1�22. DOI: 10.1093/ije/dyg070

39. Palmer, T. M., Nordestgaard, B. G., Benn, M.,
Tybj�rg-Hansen, A., Davey Smith, G., Lawlor,
D. A., & Timpson, N. J. (2013). Association of
plasma uric acid with ischaemic heart disease and
blood pressure: Mendelian randomisation analysis
of two large cohorts. BMJ, 347, f4262. DOI:
10.1136/bmj.f4262

40. Goicoechea, M., de Vinuesa, S. G., Verdalles, U.,
Ruiz-Caro, C., Ampuero, J., Rinc�n, A., � Lu	o,
J. (2010). Effect of allopurinol in chronic kidney
disease progression and cardiovascular risk.
Clinical Journal of the American Society of
Nephrology, 5(8), 1388�1393. DOI:
10.2215/CJN.01580210

41. Sui, X., Church, T. S., Meriwether, R. A., Lobelo,
F., & Blair, S. N. (2008). Uric acid and the
development of metabolic syndrome in women
and men. Metabolism, 57(6), 845�852. DOI:
10.1016/j.metabol.2008.01.030

42. Yoo, T. W., Sung, K. C., Shin, H. S., Kim, B. J.,
Kim, B. S., Kang, J. H., � Keum, D. G. (2005).
Relationship between serum uric acid
concentration and insulin resistance and
metabolic syndrome. Circulation Journal, 69(8),
928�933. DOI: 10.1253/circj.69.928

DOI: https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26 Indo-Am. J. of Life Sc & Bt  |  Vol. 11, Issue 3, 2014  |  pp 19-26

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26
https://doi.org/10.2337/db12-1814
https://journals.physiology.org/doi/10.1152/ajpcell.00600.2006
https://doi.org/10.1111/j.1523-1755.2005.00273.x
https://www.ahajournals.org/doi/10.1161/hy1101.092839
https://doi.org/10.1001/jama.300.8.924
https://www.pnas.org/doi/10.1073/pnas.78.11.6858
https://www.tandfonline.com/doi/abs/10.1080/15257770802138558
https://onlinelibrary.wiley.com/doi/10.1002/acr.20344
https://doi.org/10.2337/dc09-0288
https://doi.org/10.2337/dc07-1276
https://onlinelibrary.wiley.com/doi/10.1002/acr.20065
https://www.nejm.org/doi/full/10.1056/NEJMra0800885
https://www.ahajournals.org/doi/10.1161/01.HYP.0000069700.62727.C5
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyg070
https://www.bmj.com/content/347/bmj.f4262
https://doi.org/10.2215/CJN.01580210
https://doi.org/10.1016/j.metabol.2008.01.030
https://doi.org/10.1253/circj.69.928
https://doi.org/10.62644/iajlb.2014.v11.i3.pp19-26

