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Objectives. The effects of serum uric acid (UA) level on a variety of diseases were found from experimental and observa-
tional studies via oxidative stress and anti-oxidants. However, research on the association of UA and hearing thresh-
olds is relatively sparse. We investigated this issue in the U.S. general population to evaluate the relationship of serum

UA levels and pure tone threshold of hearing.

Methods. Forty four thousand eighty four eligible participants aged 20 to 69 years who have serum UA data and received
Audiometry Examination Component were enrolled from the National Health and Nutrition Examination Survey
1999-2004. Hearing thresholds (dB) as a pure tone average at low frequencies (0.5, 1, 2 kHz) and at high frequen-
cies (3, 4, 6, and 8 kHz) were computed. Multivariate linear regression models and tertile-based analysis with an ex-
tended-model approach for covariates adjustment were used to assess the correlation between serum UA level and

hearing thresholds.

Results. In the adjusted mode of tertile-based analysis, the regression coefficients elucidated as the change of log-trans-
formed mean hearing thresholds upon comparing participants in the highest tertile of serum UA to those in the low-
est tertile were —0.067 (P=0.023) in high frequency and —0.058 (P=0.054) in low frequency. After adjusting for mul-
tiple pertinent covariates, inverse association between tertiles of serum UA and hearing thresholds remained essen-
tially unchanged. The negative trends between serum UA and hearing thresholds were statistically significant (P for

trends <0.05) in tertile-based multiple linear regressions.

Conclusion. Individuals with elevated UA levels independently were found to be inversely associated with hearing thresh-
olds for pure tone audiometry in a nationally representative sample of U.S. adults.
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INTRODUCTION

Uric acid (UA), the final breakdown product of dietary or en-
dogenous purine metabolism in humans and principal constitu-
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ents of DNA, RNA, and cellular energy stores, has been specu-
lated to play a role of anti-oxidation, even though it remains de-
batable that the relative momentousness of UA as antioxidant in
vivo [1]. Although a great many epidemiologic and observation-
al investigations have reported a relation between the higher se-
rum UA levels and several diseases including hypertension, pro-
gressive renal disease [2,3], cardiovascular disease, stroke [4,5],
diabetes mellitus [6], insulin resistance and metabolic syndrome
[7], little empirical evidence has been found to establish causal
relationship. In addition, serum UA levels in humans and pri-
mates are higher and more variable than in any other animals,
proposing to keep an elevated level of UA connected between

Copyright © 2017 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2016.00346&domain=pdf&date_stamp=2017-06-01

144  Clinical and Experimental Otorhinolaryngology Vol. 10, No. 2: 143-147, June 2017

some important biological benefits via a potent natural selection
course [8]. Apart from these latent detrimental influences, some
researches have speculated that UA might have anti-oxidative
effect to cognitive function [9], multiple sclerosis [10], Parkin-
son’s disease [11], and Alzheimer’s disease [12] via neuroprotec-
tion. We hypothesized that uric acid had the neuroprotective ef-
fect to hearing thresholds as other neurological diseases. There
is little available research on the interaction between serum UA
and hearing thresholds of pure tone audiometry. The findings
discussed previously prompted us to examine the issue using
the dataset from the National Health and Nutrition Examina-
tion Survey (NHANES), 1999-2004.

MATERIALS AND METHODS

Study population

The NHANES, designed by National Center for Health Statistics
of Centers for Diseases Control and Prevention, was a continu-
ing series of stratified, multi-stage, cross-sectional and popula-
tion-based surveys to assess the health, functional and nutrition-
al status of non-institutionalized adults and children in the U.S.
Half of participants who aged 20-69 years in 1999-2004 of
NHANES who randomly underwent Audiometry Examination
Component at Mobile Examination Center (MEC) were en-
rolled. A total of 5,742 participants were eligible for inclusion in
the audiometric examination initially. Participants who used
hearing aids that could not be removed for testing or who could
not tolerate test headphones and those with missing information
of serum UA levels were excluded. Finally, there were 4,484
persons enrolled in the final analysis.

Audiometric measurement

A trained examiner performed audiometry examination and
obtained air conduction from both ears in a sound-isolated
chamber through using an audiometer (AD226, Interacoustic,
Assens, Denmark) with standard TDH-39P earphones and insert
earphones (EARTone 3A) [13]. Pure tone air conduction thresh-
olds were measured for each ear at 0.5, 1, 2, 3, 4, 6, and 8 kHz
over an intensity range of 10 to 120 dB. The pure tone average
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= Association between serum uric acid (UA) and hearing thresh-
old was investigated form the US National Health and Nutri-
tion Examination Survey.

= Higher UA is associated with better hearing sensitivity.

= UA prompts postulation of a potential protective effect on
hearing.

= UA may decrease susceptibility for developing subclinical
hearing impairment.

(PTA) of hearing thresholds (in dB) at three low frequencies
(0.5, 1, and 2 kHz) was defined as low-PTA, while the PTA of
hearing thresholds at four high frequencies (3, 4, 6, and 8 kHz)
was classified to high-PTA. We selected PTA in the worse ear for
the further analysis.

Data collection and covariates

Pertinent demographic and clinical information, including age,
gender, race (including non-hispanic white, non-hispanic black
and others), systolic blood pressure, body mass index, smoking
status, and medical history including diabetes mellitus, stroke
and heart disease, were collected in the home prior to the health
examination. The average of three blood pressure determina-
tions obtained on all eligible individuals was used by a mercury
sphygmomanometer. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters.
Smoking status was defined based on a question “Do you now
smoke cigarettes?” Diabetes mellitus was classified based on a
question “Other then during pregnancy, have you ever been
told by a doctor or health professional that you have diabetes or
sugar diabetes?” Other medical history such as stroke or heart
disease was categorized by question such as “Has a doctor or
health professional ever told you that you have stroke (or coro-
nary heart disease, or angina/angina pectoris)?” Noise exposure
was classified based on a question “Loud job noise, ever expo-
sure, 3 months?” Serum UA was measured by oxidization with
the specific enzyme uricase to form allantoin and H»O. (Hitachi
704 Analyzer, Roche Diagnostics, Indianapolis, IN, USA). Bio-
chemical analyses of triglycerides and high-density lipoprotein
cholesterol (HDL-C) (Hitachi 704 Analyzer; Roche Diagnostics,
Indianapolis, USA) were performed by the Lipoprotein Analyti-
cal Laboratory at Johns Hopkins University, Baltimore, Mary-
land. All protocols followed standardized methods that had doc-
umented accuracy with respect to Centers for Disease Control
and Prevention (CDC) reference methods [14].

Statistical analyses

Some covariates were treated as continuous variables, such as
age, systolic blood pressure, BMI, triglyceride, high-density lipo-
protein cholesterol, and some were treated as categorical vari-
ables, such as sex, race, smoking, and history of heart disease, di-
abetes mellitus, stroke, and noise exposure. Characteristics of
participants were compared using ANOVA test for continuous
variables and chi-square tests for categorical test. Subjects were
divided into tertiles based on the level of serum UA levels. After
the log transformation of hearing thresholds tends to normalize
their distribution, linear regression was used in multivariate anal-
yses examining the association. Due to hearing thresholds with-
out normality, natural log-transformed was performed before re-
gression analysis. The regression coefficients were elucidated as
the change of log-transformed mean high and low tone hearing
thresholds for pure tone audiometry for each serum UA level in-



crement upon comparing participants in the highest tertile of se-
rum uric acid to those in the lowest tertile. Models were used for
pertinent covariates adjustment as follows: Model 1=age, sex,
and race; Model=Model 1+triglycerides, high density lipoprotein
cholesterol, BMI, and systolic blood pressure; Model 3=Model
2+smoke, history of heart disease, diabetes mellitus, stroke and
noise exposure. Serum UA levels were treated tertiles of from T1
to T3 as continuous variable assessed trends tests, which to ob-
serve the associations cross increasing tertiles of serum uric acid
and hearing threshold. All analyses were conducted using SPSS
ver. 18.0 (SPSS Inc., Chicago, IL, USA). Two-sided P-values of
less than 0.05 were considered statistically significance.

Ethics statement

The National Center for Health Statistics Institutional Review
Board approved the NHANES study protocol and written in-
formed consent was required before beginning the survey.

RESULTS

Clinical characteristics of participants

A total of 4,484 participants were enrolled in the NHANES da-
taset from 1999 to 2004. The population’s mean age was
41.01£12.99 years and the mean serum UA was 5.24+1.44
mg/dL. Forty-seven point seven percent (47.7%) of the partici-

Table 1. Characteristics of the participants by tertiles of serum uric acid
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pants were men. Demographic, clinical and biochemical charac-
teristics of the study population stratified according to serum
UA tertiles are shown in Table 1. Compared to subjects in the
lower tertiles of UA levels, those with the tertile 3 were older,
more likely to be male and higher percentages of heart disease
and noise exposure; they were also more likely to have higher
systolic blood pressure, BMI, triglyceride, and lower HDL. Hear-
ing thresholds were also found to increase with increasing UA
tertiles.

Association between serum UA level and hearing threshold
shift

We examined the relationship of hearing thresholds at a high/
low frequency of pure tone audiometry and serum UA tertiles.
The results of tertile-based multiple linear regression analysis
showed in Table 2. In the adjusted mode of tertile-based analy-
sis, the regression coefficients elucidated as the change of log-
transformed hearing thresholds upon comparing subjects in the
upper two tertiles of UA levels to those in the lowest tertile
were —0.062 (P=0.026) and —0.067 (P=0.023) in high frequen-
cy and -0.056 (P=0.046) and -0.058 (P=0.054) in low fre-
quency. After adjusting for multiple pertinent covariates, inverse
association between tertiles of UA levels and hearing thresholds
remained essentially unchanged. The negative trends between
hearing thresholds and UA levels were statistically significant (P
for trends <0.05) in tertile-based multiple linear regressions.

Tertiles of serum uric acid (mg/dL)

Characteristic
T1(<4.5) T2 (4.51-5.80) T3 (>5.80) Total P-value
No. 1,548 1,396 1,540 4,484
Continuous variable
Age (yr) 39+13 42413 42413 4113 <0.001
Systemic blood pressure 115,58+ 16.76 121.29£17.05 124.09+£16.85 120.29+17.26 <0.001
Body mass index 26.51+£5.70 28.68+6.29 30.05+6.59 28.40+£6.37 <0.001
Triglyceride 130.46£111.40 142.17£102.21 179.20+£237.88 151.37+£166.44 <0.001
High-density lipoprotein cholesterol 59.24+16.35 51.77+15.24 47.33+13.89 52.83+15.99 <0.001
Hearing thresholds, worse ear
High tone (dB), median (IQR) 15.00 (13.75) 17.50 (21.25) 21.25 (23.75) 17.50 (18.75) <0.001
Low tone (dB), median (IQR) 10.00 (10.00) 11.67 (10.00) 11.67 (10.00) 11.67 (10.00) <0.001
Categorical variable
Male sex 240 (15.5) 681 (48.8) 1,216 (79.0) 2,137 (47.7) <0.001
Race 0.007
White 743 (48.0) 652 (46.7) 732 (47.5) 2,127 (47.4)
Black 267 (17.2) 269 (19.3) 339 (22.0) 875 (19.5)
Others 538 (34.8) 475 (34.0) 469 (30.5) 1,482 (33.1)
Diabetes 103 (6.7) 88 (6.4) 101 (6.6) 292 (6.6) 0.925
Stroke 20 (1.3) 26 (1.9) 31(2.0) 77 (1.7) 0.269
Heart disease 33(2.1) 44(3.2) 76 (5.0) 153 (3.4) <0.001
Smoking 344 (56.5) 392 (55.6) 434 (51.7) 1,170 (54.3) 0.135
Noise 216 (22.1) 332(33.9) 504 (43.6) 1,052 (33.8) <0.001

Values are presented as mean standard deviation or number (%).
IQR, interquartile range.
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Table 2. Association between uric acid tertile and high frequency hearing thresholds

High frequency hearing threshold

Low frequency hearing threshold

Model® Uric acid tertile”
B° (standard error) P-value Pfor trend B° (standard error) P-value Pfor trend

Unadjusted T2vs. T1 0.098 (0.012) <0.001 <0.001 0.031(0.011) 0.005 <0.001
T3vs. T1 0.149 (0.012) <0.001 0.063 (0.011) <0.001

Model 1 T2vs. T1 -0.062 (0.028) 0.026 0.036 -0.056 (0.028) 0.046 0.080
T3vs. T1 -0.067 (0.029) 0.023 -0.058 (0.030) 0.054

Model 2 T2vs. T1 -0.068 (0.028) 0.014 0.007 -0.062 (0.028) 0.028 0.024
T3vs. T1 -0.086 (0.030) 0.005 -0.074 (0.031) 0.017

Model 3 T2vs. T1 -0.065 (0.028) 0.020 0.008 -0.065 (0.028) 0.023 0.024
T3vs. T1 -0.084 (0.030) 0.005 -0.075 (0.031) 0.015

T1, <4.5; T2, 451-5.80: T3, >5.80.

JAdjusted covariates: Model 1=age, sex, race; Model 2=Model 1+(triglyceride, high-density lipoprotein cholesterol, body mass index, systolic blood pres-
sure); Model 3=Model 2+(history of smoking)+(heart disease, diabetes mellitus, stroke, noise exposure). P’Subjects in the lowest tertile of uric acid were
the reference group. “Regression (B) coefficient can be elucidated as change of log-transformed mean high tone hearing thresholds comparing subjects

in the upper 2 tertiles of serum uric acid to those in the lowest tertile.

DISCUSSION

In a nationally representative sample of the US population, the
present study examined the correlation between serum UA lev-
els and hearing thresholds among adults aged 20-69 years. Our
findings indicated that higher serum UA was inversely associat-
ed with hearing thresholds of pure tone audiometry measure-
ment. The level of serum UA was independently associated with
threshold shift in hearing.

UA is the end product of purine metabolism, and sustained
hyperuricemia predisposes individuals to develop clinical mani-
festations, including gouty arthritis, urolithiasis, and renal dys-
function. However, UA is also thought to be a potent antioxi-
dant that effectively scavenges reactive oxygen and reactive ni-
trogen species, accounting for up to 60% of the free radical
scavenging activity in human blood [8,15]. Increased level of re-
active oxygen species (ROS) may be involved in inner ear hair
cell damage and death in animal models including exposure to
noise and to drugs and in some human cases of genetic hearing
loss, presbycusis, and Meniere’s syndrome [16]. ROS are ac-
count for direct cellular damage to cellular lipid, protein, and
DNA, triggering death either through stimulation of gene ex-
pression associated with apoptosis or necrosis and may also dif-
fuse among the inner ear scale [17,18]. Increasing antioxidant
supplement in the cochlea may effectively prevent hair cell
damage and hearing loss in an animal study [19]. Thus, de-
creased UA levels may reduce the ability of the body to prevent
ROS from acting on cellular components and damaging the cell
[20]. From research works, UA appears to play a double role as
pro-oxidants (primarily within the cell) and anti-oxidants (pri-
marily in plasma) [21,22]. In the view of pro-oxidants, intracel-
lular uric acid generally imposes the harmful effects in animal
model and cultured cells of hyperuricemia, such as in vascular,
renal, liver cells, and adipocytes; in the aspect of anti-oxidants,
uric acid serves as anti-oxidant only in the hydrophilic surround-

ings of biological fluids. However, it losses the ability to scav-
enge lipophilic radicals, and the radical chain propagation can
not be broken within lipid membrane [23]. The microenviron-
ment in different compartment of human organism could deter-
mine the regulation of molecular switch of cardiovascular, renal,
and metabolic disease [22].The apparent dilemma between pro-
tective and detrimental influences of UA is supported by clinical
evidence that antioxidant properties may become pro-oxidant
properties in certain situations, particularly when they are pres-
ent in blood at abnormally high levels [24]. In the randomized
double-blind placebo-controlled trials, administration of uric
acid improves endothelial function and decreases free radical
activity by selectively restoring nitric oxide bioavailability and
increases antioxidant capacity [25,26]. Although the protective
mechanisms of hearing threshold shift are still unclear, high UA
level provides a certain level of protection possibly through re-
duction of ROS.

There are some clinical evidences that suggest that low UA
levels are associated with the development and progression of a
variety of neurological diseases, such as multiple sclerosis (MS),
Parkinson’s disease (PD), Alzheimer’s disease (AD), and optic
neuritis [20]. In the setting of MS, significantly lower levels of
uric acid in blood of these patients as compared with patients
with other neurological diseases [10]. It is possible that de-
creased uric acid levels are attributed to its oxidation by per-
oxynitrite and formation of allantoin. A longitudinal cohort
study demonstrated that higher UA concentration was associat-
ed with a significant decreased risk of PD [27]. It might be via
antioxidant and iron-chelating properties. Kim et al. [12] showed
significant reductions in serum UA level in AD patients com-
pared to those of the healthy group. It supported the hypothesis
that oxidative injuries could be an important role in the patho-
genesis of AD. Thus, we postulated UA exert neuroprotective ef-
fects against hearing sensitivity via its antioxidant capacities.

Our study had several limitations. First, we did not verify the



factors that affected serum UA concentration, such as purine
food consumption, uric acid excretion rate, and metabolite of
UA. Second, our study was only partially reflecting the real
amount of serum UA stored in peripheral tissues, not in inner
ear perilymph fluid based on serum UA levels. Third, the cross-
sectional design precludes direct causal inferences, and the lon-
gitudinal relationship between serum UA and hearing sensitivity
cannot be ascertained, because serum UA and the pertinent
clinical variables were measured only once at enrollment.

In conclusion, our study highlighted that higher serum UA is
associated with better hearing sensitivity in U.S. adults and
prompts postulation of a potential protective effect of UA on
hearing. It was an important hint for clinicians that high serum
uric acid levels may help slow progression of hearing loss and
decreased susceptibility for developing subclinical hearing im-
pairment. Further investigations are needed to understand
whether such mechanisms contribute to the relationship to se-
rum UA with hearing sensitivity and the Janus-face UA to define
molecular mechanism that how to activate membranous and in-
tracellular oxidative stress which is incompletely comprehensive.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

REFERENCES

1. Hershfield MS, Roberts LJ 2nd, Ganson NJ, Kelly SJ, Santisteban I,
Scarlett E, et al. Treating gout with pegloticase, a PEGylated urate
oxidase, provides insight into the importance of uric acid as an anti-
oxidant in vivo. Proc Natl Acad Sci U SA. 2010 Aug;107(32):14351-
6.

2. Johnson RJ, Kang DH, Feig D, Kivlighn S, Kanellis J, Watanabe S, et
al. Is there a pathogenetic role for uric acid in hypertension and car-
diovascular and renal disease? Hypertension. 2003 Jun;41(6):1183-
90.

3.Verdecchia P, Schillaci G, Reboldi G, Santeusanio F, Porcellati C, Bru-
netti P. Relation between serum uric acid and risk of cardiovascular
disease in essential hypertension: the PIUMA study. Hypertension.
2000 Dec;36(6):1072-8.

4. Holme I, Aastveit AH, Hammar N, Jungner I, Walldius G. Uric acid
and risk of myocardial infarction, stroke and congestive heart failure
in 417,734 men and women in the Apolipoprotein MOrtality RISk
study (AMORIS). J Intern Med. 2009 Dec;266(6):558-70.

5. Bergamini C, Cicoira M, Rossi A, Vassanelli C. Oxidative stress and
hyperuricaemia: pathophysiology, clinical relevance, and therapeutic
implications in chronic heart failure. Eur J Heart Fail. 2009 May;
11(5):444-52.

6. Dehghan A, van Hoek M, Sijbrands EJ, Hofman A, Witteman JC.
High serum uric acid as a novel risk factor for type 2 diabetes. Dia-
betes Care. 2008 Feb;31(2):361-2.

7. Nakagawa T, Cirillo P, Sato W, Gersch M, Sautin Y, Roncal C, et al.
The conundrum of hyperuricemia, metabolic syndrome, and renal
disease. Intern Emerg Med. 2008 Dec;3(4):313-8.

Yang HF et al. Uric Acid and Hearing Threshold Shift 147

8. Ames BN, Cathcart R, Schwiers E, Hochstein P. Uric acid provides
an antioxidant defense in humans against oxidant- and radical-
caused aging and cancer: a hypothesis. Proc Natl Acad Sci U S A.
1981 Nov;78(11):6858-62.

9.WuY, Zhang D, Pang Z, Jiang W, Wang S, Tan Q. Association of serum
uric acid level with muscle strength and cognitive function among
Chinese aged 50-74 years. Geriatr Gerontol Int. 2013 Jul;13(3):672-
7.

10. Rentzos M, Nikolaou C, Anagnostouli M, Rombos A, Tsakanikas K,
Economou M, et al. Serum uric acid and multiple sclerosis. Clin
Neurol Neurosurg. 2006 Sep;108(6):527-31.

11. Qin XL, Zhang QS, Sun L, Hao MW, Hu ZT. Lower serum bilirubin
and uric acid concentrations in patients with Parkinson’s disease in
China. Cell Biochem Biophys. 2015 May;72(1):49-56.

12. Kim TS, Pae CU, Yoon SJ, Jang WY, Lee NJ, Kim JJ, et al. Decreased
plasma antioxidants in patients with Alzheimer’s disease. Int J Geri-
atr Psychiatry. 2006 Apr;21(4):344-8.

13. Centers for Disease Control and Prevention; National Center for
Health Statistics. National Health and Nutrition Examination Sur-
vey: 1999-2000 data documentation, codebook, and frequencies.
Audiometry (AUX1) [Internet]. Atlanta: Centers for Disease Con-
trol and Prevention, c2002 [cited 2016 Aug 10]. Available from:
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/ALQ.htm.

14. Centers for Disease Control and Prevention; National Center for
Health Statistics. National Health And Nutrition Examination Sur-
vey: questionnaires, datasets, and related documentation [Internet].
Atlanta: Centers for Disease Control and Prevention, c2015 [cited
2015 Feb 21]. Available from: http://www.cdc.gov/nchs/nhanes/
nhanes_questionnaires.htm.

15. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. Uric
acid and oxidative stress. Curr Pharm Des. 2005;11(32):4145-51.

16. Ciorba A, Gasparini P, Chicca M, Pinamonti S, Martini A. Reactive
oxygen species in human inner ear perilymph. Acta Otolaryngol.
2010 Feb;130(2):240-6.

17. Henderson D, Bielefeld EC, Harris KC, Hu BH. The role of oxidative
stress in noise-induced hearing loss. Ear Hear. 2006 Feb;27(1):1-19.

18. Clerici WJ, Yang L. Direct effects of intraperilymphatic reactive oxy-
gen species generation on cochlear function. Hear Res. 1996 Nov;
101(1-2):14-22.

19. Lorito G, Giordano P, Prosser S, Martini A, Hatzopoulos S. Noise-in-
duced hearing loss: a study on the pharmacological protection in
the Sprague Dawley rat with N-acetyl-cysteine. Acta Otorhinolaryn-
gol Ital. 2006 Jun;26(3):133-9.

20. Kutzing MK, Firestein BL. Altered uric acid levels and disease states.
J Pharmacol Exp Ther. 2008 Jan;324(1):1-7.

21. Sautin YY, Johnson RJ. Uric acid: the oxidant-antioxidant paradox.
Nucleosides Nucleotides Nucleic Acids. 2008 Jun;27(6):608-19.

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

23. Muraoka S, MiuraT. Inhibition by uric acid of free radicals that dam-
age biological molecules. Pharmacol Toxicol. 2003 Dec;93(6):284-9.

24. Lippi G, Montagnana M, Franchini M, Favaloro EJ, Targher G. The
paradoxical relationship between serum uric acid and cardiovascu-
lar disease. Clin Chim Acta. 2008 Jun;392(1-2):1-7.

25.Waring WS, Convery A, Mishra V, Shenkin A, Webb DJ, Maxwell SR.
Uric acid reduces exercise-induced oxidative stress in healthy adults.
Clin Sci (Lond). 2003 Oct;105(4):425-30.

26. Waring WS, McKnight JA, Webb DJ, Maxwell SR. Uric acid restores
endothelial function in patients with type 1 diabetes and regular
smokers. Diabetes. 2006 Nov;55(11):3127-32.

27. de Lau LM, Koudstaal PJ, Hofman A, Breteler MM. Serum uric acid
levels and the risk of Parkinson disease. Ann Neurol. 2005 Nov;58
(5):797-800.



