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Uric Acid



Mahomed FA

“ Uric acid was first associated 
with primary hypertension ”

History

Mahomed FA. Med Chir Trans, 1874
Mahomed FA. Lancet, 1879

Prealbuminuric chronic Bright’s disease



High-tension pulse 
of 

a uric acid headache

Haig A ,1892



From French newspaper advertisement,
Dec. 20th, 1919

:A treatment for lowering serum UA, 
treatment for arteriosclerosis
and obesity

Urodonal



Dyslipidemia

HTN

Renal 
diseaseUric Acid



The Role of Uric Acid in  HTN
: Chicken or Egg ?



Uric acid is commonly elevated 
in patients with hypertension



• 25-50% of untreated primary hypertension

• 75% of pts. if the hypertension was 
malignant or if there was coexistent renal
disease

Strong relationship 
between UA and HTN

Cannon PJ, et al. NEJM, 1966



• Frequency of HTN in adult pts. with   
asymptomatic hyperuricemia is about 50 %.

• About 60% - 65% of pts. with gout have HTN.

• Western diet with increased frequency of 
HTN.

Saggaiani F, et al. Metabolism, 1996
Johnson RJ, et al. Hypertension, 2003
Johnson RJ, et al. Semin Nephrol 2005



Uric acid elevation is increased 
secondary to hypertension



Causes of Hyperuricemia in HTN 
Possible mechanisms

1) Increased net reabsorption of UA
• Diuretics use
• Insulin resistance
• Reduced renal blood flow

2) Decreased renal excretion
• Decreased renal excretion of UA d/t renal dysfunction
• Lactate competes with UA excretion

3) Increased production
• Increased activity of XO (endothelium)
• Increased conversion of XDH to XO
• Increased XO substrate resulting from increased 

adenosine and hypoxanthine



Hare, J. M. et al. Circulation 2003;107:1951-1953

Pathophysiological Role of XO 
pathways in HTN 



Elevated uric acid predicts 
the development of hypertension





Prevalence of Hyperuricemia

 2~35% in general population

 25~50% of untreated primary hypertension

 50% of hypertension on diuretics

 70~100% of malignant hypertension

 ~ 50% in CKD at the onset of renal replacement 
therapy  



According to Meta-analysis (N=55,607)

Hyperuricemia

• Increase of 1 mg/dl of UA  risk of hypertension 13 %

• Primary > Secondary HTN

• Shorter duration of HTN > Longer duration

• Younger > Older

• Female > Male

Risk of hypertension  : 42 %

Grayson PC, et al. Arthritis Care Res 
2011;63:102-10



Kansui Y. et al. Circ J 2011;75:2827-2832

UA and Blood Pressure in Japanese Men
Study Subjects Neither anti-HTN or 

UA lowering drugs
Subjects with anti-HTN 

but not UA lowering drugs



UA may play a role 
in the development of TOD 

in hypertension



Relationship between UA and PWV, IMT, 
albuminuria

PWV

Ishizaka N, et al. Atheroscleroiss, 2007

Albuminuria

IMT

Fukui M, et al. Metabolism, 2008

Kawamoto R, et al. 
Internal Medicine, 2006



Relationship between UA and LVH

Tsioufis C. et al. J Human Hypertension, 2005



Allopurinol Control

SBP (mmHg)

Allopurinol Control

Cr (mg/dl)

Am J Kidney Dis 47:51, 2006



UA is also related with CV diseases
in hypertensive patients



Hyperuricemia predicts CV events :
Studies of the Hypertensive Population

Johnson RJ. et al. Hypertension 2003;41:1183-1190



UA does not have causal role in the development of CHD, 
CV mortality and all-cause mortality



Experimental studies suggest 
a causal role for uric acid 

in hypertension



Mazzali M, et al. Hypertension, 2001



Mazzali M, et al. Hypertension, 2001



Experimental studies
- Renal hemodynamics 

• A marked increase in glomerular hydrostatic pressure
• Increase in renal afferent arteriolar resistance
• Decrease in renal blood flow

• Associated with increased oxidative stress, 
endothelial dysfunction and RAS activation

Hyperuricemic rats



Renal arteriolar microvascular 
disease, mild interstitial inflammation

Mazzali M, et al. Am J Physiol, 2002



Effect of UA on VSMC proliferation

Mazzali M, et al. Am J Physiol, 2002



Proposed mechanism 
by which UA may cause HTN



Interventional studies 
have supported a role for UA 

in hypertension



Kanbay M, et al. Int Urol Nephrol, 2007

This was one of the first articles to show the potential effect of lowering UA on blood pressure



Feig DI, et al. JAMA, 2008

This was the first placebo-controlled trail to show an effect of lowering UA on blood pressure



Goicoechea M et al, CJASN

• 113 CKD patients with eGFR<60 ml/min
• Allopurinol 100 mg/day vs. placebo
• 12 months



Pathways for Uric Acid Transport

Hediger, Nature 2002





Role of Uric Acid in Cardiovascular 
Morbidity & Mortality: LIFE Study

Proportion of Patients with First Event (%)

Dahlöf B et al, Lancet 359:995, 2002 Hoieggen A et al, Kidney Int 65:1041, 2004

Atenolol

Losartan

Proportion of patients with first event(%) Serum uric acid (M/L)



Impact of Serum Uric Acid on CV Outcome 
: LIFE Study

Baseline On-treatment

The estimated contribution of serum uric acid to 
losartan effect was 29% (p<0.004).

Baseline On-treatment



Wiik BP et al, Am J Hytertens, 2010



Tsunoda S. et al. Am J Hypertens 2002;15:697-701

Lifestyle modification &
Insulin-sensitizing agents

Diet Troglitazone



General Population

Uric acid

Hypertension



Uric acid paradox



 This concept is supported by the superior 
performance of antihypertensive therapy with 
thiazide diuretics in preventing heart failure

 Possible mechanism
 Different role between intracellular(pro-oxidant, NADPH 

oxidase) and extracellular UA(antioxidant)

ALLHAT Study, JAMA, 2002

UA, as an antioxidant 



 UA can function as an antioxidant
 by scavenging various reactive oxygen species, itself
 by promoting SOD activity

 Systemic UA administration
 Increase plasma antioxidant capacity at rest
 Reduce exercise-associated oxidative stress
 Improve endothelial dysfunction

UA, as an antioxidant 



Still Controversy…

Benefits of lowering UA is due to..

Reduction of UA per se !

XO inhibitors with 
related reduction of ROS

VS.



The bottom line is…

• Increasing evidence indicates that UA may have 
a causal role in HTN

• However, more studies are needed to dissect out the
potential mechanisms

• Need more clinical trials to confirm a benefit of lowering
UA on blood pressure



[論語(논어) 雍也篇(오야편)의 '어진사람

은산을좋아하고지혜로운사람은물을

좋아한다.'는知者樂水仁者樂山(지자요

수인자요산)의줄임말이다.

경청해 주셔서 감사합니다


