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HYPERURICEMIA

• Hyperuricemia is the cause of gout, kidney stone, endothelial 
dysfunction, cardiovascular, and chronic kidney disease.

• Controlling uric acid level is proven to slow progression of chronic 
kidney disease.

• Normal Uric acid levels are 2.4-6.0 mg/dL (female) and 3.4-7.0 
mg/dL (male).

• Uric acid precipitation may occur when the blood uric acid level 
rises above 7 mg/dL or under acid condition.



Uric Acid Homeostasis

• Uric acid is an organic compound is the oxidation end-product of purine 
metabolism in man and higher primates.

• Our body can make uric acid, stop eating chicken may not make much 
difference.

• 70% of uric elimination occurs through the kidney and the rest via 
gastrointestinal tract. 

• One of the most important cause of hyperuricemia that most doctors don’t 
know is fructose found in soft-drink and fruit juice.



Causes of Hyperuricemia

• Genetics

• Drugs (diuretics, aspirin, pyrazinamide, cyclosporine, 
nicotinic acid)

• Excess intake of purine rich foods such as meats, poultry, 
and animal internal organs.

• Alcohols

• Malignancies

• Lead Toxicity

• Chronic Kidney Disease

• High dietary fructose intake



Diuretic use raised risk for gout 
(Arthritis Rheum 2012 Jan; 64:121)  

• Incidence of gout was 5.5% among diuretic users (5.0% among 
thiazide users and 7.0% among loop-diuretic users) and 2.9% 
among patients who did not use diuretics. 

• After adjustment for potentially confounding variables, use of 
thiazides and loop diuretics were both significantly associated with 
incident gout (hazard ratios, 1.4 and 2.3, respectively). 

• Compared with serum uric acid levels in nonusers, uric acid levels 
rose by a mean of 0.65 mg/dL among those who began taking 
thiazides and 0.96 mg/dL among those who began taking loop 
diuretics.  



Diet, Hyperuricemia, and Gout

Diet Hyperuricemia

Alcohol Increase risk (beer>liquor>wine)

High meat consumption Increase risk

High seafood consumption Increase risk

High dairy consumption Reduce risk

High caffeine consumption Reduce risk

Low purine diet Modestly reduction in serum uric acid (1 mg)

High consumption of purine rich 
vegetables

No association

Choi HK et al. NEJM 2004;350:1093-1101
Choi HK et al. Lancet 2004;353:1277-1281
Lotito SB and Frei B Free Radic Biol Med 2004;37:251-258



Diet Might Play Less of a Role in Gout Than 
Previously Thought

BMJ 2018;363:k3951 

• Researchers analyzed data from five cohorts comprising 17,000 
patients of European ancestry in the U.S. Participants completed 
food-frequency questionnaires, had their serum urate levels 
measured, and underwent genome-wide genotyping.

• Beer, spirits, wine, potatoes, poultry, soft drinks, and meat were 
associated with increased urate levels. 

• Meanwhile, eight foods were tied to lower levels: eggs, peanuts, 
cold cereal, skim milk, cheese, brown bread, margarine, and non-
citrus fruit. 

• Healthy Eating, DASH diet, and Mediterranean diet were associated 
with lower urate levels, but each dietary pattern could only explain 
0.3% or less of the variation in urate levels. 

• In contrast, common genetic variants explained 24% of the variation.



Dietary purine intake and serum uric acid levels
Is it time to change your mind?

• Severe reduction in dietary purine intake can accomplish NO MORE 
THAN a 1 mg/dL decrease in serum uric acid.

• High consumption of purine-rich vegetables has NO association with 
serum uric acid.

• Fructose is the only carbohydrate that influences purine metabolism. 
So, apple cider is NOT good for gout. Ingestion of 5 apples resulted 
in 35% increase in serum uric acid within 6 hours!

Choi HK et al. NEJM 2004;350:1093-1101
Choi HK et al. Lancet 2004;353:1277-1281
Lotito SB and Frei B Free Radic Biol Med 2004;37:251-258



Fruit and fructose consumption

Albeit not increasing blood glucose

May not as safe as you may think.

SUCROSE, a disaccharide composed of 
GLUCOSE and FRUCTOSE



Why fructose was once considered ‘good’ for diabetics

• Fructose has low glycemic index and won’t stimulate insulin 
production. For that particular reason, some doctors recommend 
fructose as a sugar alternative for diabetics.

• In regular diet, fructose is found in fruit and honey, or as pure 
fructose of sucrose.

• Consuming fruits containing fructose in moderate amount is safe. 
These fruits contain fibers that slow down sugar absorption and 
help the growth of probiotics

• However, we are consuming too much fructose lately in the form of 
pure fructose or fructose corn syrup!

FRUCTOSE SUGAR is NOT FRUITS



• High fructose corn syrups: it is corn syrups that has undergone 
enzymatic processing to convert some of its glucose into fructose to 
produce a desired sweetness.

• HFCS price is low compared to sugar, and because it won’t 
stimulate leptin, a satiety hormone, that means increasing 
production sale.

• Now HFCS has become a predominant sweetener used in process 
food and soft drink.



One Bottle of Soda Contains 35 Gram of Fructose

Diets 35 gram of fructose

Soda beverage 1 bottle = 20 Oz

Honey 4 oz

Mango 2 mangoes

Apple 3 apples

Date 4 dates

Banana 5 bananas

Peach 6 peaches

Mandarin orange 7 oranges

Pineapple 8 slices

Strawberries 9 cups



Fructose metabolism. 

Johnson R J et al. Endocrine Reviews 2009;30:96-116

Only fructose increase uric acid due to 
the lack of feedback system

ATP depletion

Lipogenic

No leptin stimulation



Fructose-induced production of uric acid in the hepatocyte

Nakagawa T et al. (2005) Hypothesis: fructose-induced hyperuricemia as a causal mechanism for the
epidemic of the metabolic syndrome Nat Clin Pract Neprol 1: 80–86 doi:10.1038/ncpneph0019



Uric Acid Level and Fructose Consumption 
J Nutr 2009; 139:1246S

Fructose Over-Consumption Can Cause Hyperuricemia



Fructose but not glucose increases hepatic 
fractional de novo lipogenesis (DNL)

Stanhope et al. 2009 JCI:119:1332-1334



Change of total, subcutaneous, and visceral abdominal 
tissue after glucose or fructose consumption

Stanhope et al. 2009 JCI:119:1332-1334



• Since the invention of HFCS, excessive fructose 
consumption (> 250 mg/d) became health hazardous 
problem that can lead to insulin resistance

J. Nutr. 2009; 139:1246S-1252S



Insulin Resistance 

Decreased ability of insulin to act effectively on peripheral 
target tissue especially muscle and liver



• Metabolic syndrome is the name for a group of five risk factors 
that raises risk for heart disease, diabetes, and stroke.

1. “Apple Shape” abdominal obesity 

2. High triglyceride level 

3. Low HDL cholesterol level 

4. High blood pressure

5. High fasting blood sugar 



Elevated Serum Uric Acid Predicts Metabolic 
Syndrome in Adolescents

J Pediatr 2012 May 11

• Researchers followed 613 randomly selected male adolescents (age range, 
10–15 years) from a health screening center in Taiwan for a mean of 2.7 
years

• Nineteen adolescents (3.1%) developed metabolic syndrome as defined by 
the International Diabetes Federation consensus criteria (>3 of the 
following: abdominal obesity, triglycerides 150 mg/dL, high-density 
lipoprotein cholesterol <40 mg/dL, hypertension, and fasting plasma 
glucose 100 mg/dL).

• Age, waist circumference, BMI, BP, high-density lipoprotein cholesterol, and 
triglycerides were significantly associated with baseline UA. 

• Risk for developing metabolic syndrome was significantly greater in 
adolescents in the highest UA quartile than in those in the lowest quartile 



Hyperuricemia and Cardiovascular Risk Factor 
Hypertens Res 2004; 27: 227–233

• A total of 9,914 individuals (6,163 men and 3,751 women ranging in age 
from 18 to 89 years) who were screened at Okinawa General Health 
Maintenance Association were subjects in this study. Hyperuricemia was 
defined as a serum uric acid level 7.0 mg/dl in men and 6.0 mg/dl in 
women. 

• The odds ratios (95% confidence intervals) for the presence of 
hyperuricemia in men were 1.75 (1.56–1.97) for obesity, 1.42 (1.25–1.62) 
for hypertension, 1.16 (1.02–1.30) for hypercholesterolemia, 1.80 (1.60–
2.03) for hypertriglyceridemia, 1.19 (1.02–1.40) for hypo-high density 
lipoprotein (HDL) cholesterolemia, and 0.61 (0.49–0.75) for DM; in women, 
they were 2.02 (1.62–2.53) for obesity, 1.64 (1.29–2.10) for hypertension, 
1.31 (1.04–1.65) for hypercholesterolemia, 1.95 (1.51–2.51) for 
hypertriglyceridemia, 1.53 (0.96–2.44) for hypo-HDL cholesterolemia, and 
1.20 (0.76–1.90) for DM.

• The present study revealed that hyperuricemia is positively associated 
with obesity, hypertension, and dyslipidemia in both men and women, 
and that hyperuricemic subjects tend to have a clustering of these 
cardiovascular risk factors



Consequences of Hyperuricemia
• Gout

• Uric Acid Stone

• Endothelial Dysfunction

• Hypertension

• Uric Acid Nephropathy

• Chronic Kidney disease



Gout

• Gout is a common and complex form of arthritis 

• Gout occurs when urate crystals accumulate in your joint, causing 
the inflammation and intense pain of a gout attack. 

• Urate crystals can form when the blood uric acid level rises above 7 
mg/dL or under acid condition.

• Untreated gout may cause deposits of urate crystals to form under 
the skin in nodules called tophi.

• Urate crystals may collect in the urinary tract of people with gout, 
causing kidney stones.



Gout Symptoms Can Be Complex

• A 52 years old Australian man, who developed acute swollen and 
inflammation of his knee after eating steak with beer. 

• He has history of asymptomatic hyperuricemia but never received 
treatment.

• The doctor did a knee tapping and didn’t find urate crystal and told 
the patient that he didn’t have gout and only gave him diclofenac.

• Next week, he developed temporomandibular pain and went to see 
ENT doctor who gave him steroid.

• A week after, he developed multiple joint pains and could no longer 
walk. The orthopedist told him that it couldn’t be gout because gout 
will not involve multiple joints!

• The patients came to see me in a wheelchair and Arcoxia in 
combination with low dose allopurinol and sodamint was prescribed.

• Two weeks later, he could walk and no longer have joint pain.



Uric Acid and Hypertension
(N Engl J Med 2008;359:1811-21)

• Hyperuricemia can cause endothelial dysfunction (Semin Nephrol
25:39-42) 

• Elevated uric acid level predicts the development of hypertension

• Elevated uric acid level is observed in 25%-60% of patients with 
essential hypertension.

• Elevated uric acid level is observed in nearly 90% of adolescents 
with essential hypertension.

• Raising uric acid level in rodents results in hypertension.

• Reducing uric acid level with xanthine oxidase inhibitors lowers 
blood pressure in adolescents with hypertension of recent onset.



Hyperuricemia and GI Bleeding

• A 72 years old man with history of gout was admitted to the hospital 
due to active lower gastrointestinal bleeding. Gastrocolonoscope
was performed, only gastritis was found.

• Capsule endoscopy revealed multiple spots of bleeding. Since the 
bleeding didn’t stop, the doctor was considered performing 
enterectomy!

• Meanwhile, the patient was asking to stop eating due to active GI 
bleeding. His blood uric acid levels were > 8 mg/dL. Rheumatologist 
decide to give steroid since he couldn’t eat.

• I was asked by the patient’s relative to help.

• IV fluid containing sodium bicarbonate was prescribed continuously.

• After 36 hours of intravenous bicarbonate, his uric acid level was 
less than 7 mg% and bleeding stopped!

• A couple of days later, the patient was finally discharged.



Uric Acid and Kidney
Time to think outside the box

• Many nephrologists never check uric acid 
levels in their chronic kidney disease 
(CKD) patients.

• They believe that hyperuricemia is 
secondary to kidney failure. 

• But they are wrong, because lowering uric 
acid levels have been proved to delay 
progression of CKD.

• Many oncologists never check uric acid 
levels before starting chemotherapy.

• After chemotherapy, the patients 
developed acute kidney failure that could 
be preventable.



Uric Acid Levels and Chronic Kidney Disease
(World J Nephrol 2013;2:17-25)

• Uric acid > 7 mg/dL increased CKD risk 2.14 fold in men 
and 3.12 fold in women.

• Uric acid > 8 mg/dL increased CKD risk three fold in men 
and 10 fold in women.

• Each 1 mg/dL increase in uric acid increase risk of CKD 
7%-11%

• Each 1 mg/dL increase in uric acid associated with 1.28 
odds ratio of reduced eGFR at 5 years.

• Uric acid > 6.5 mg/dL in men and > 5.3 mg/dL in women, 
associated with hazard ratio of 1.36 for all cause 
mortality and 2.14 for incident CKD



Hyperuricemia, gout, and autosomal dominant 
polycystic kidney disease

Am J Med Sci1989 Mar;297(3):145-8 

• The authors have studied 17 patients with ADPKD, 9 controls, 9 
patients with proven gout and chronic renal failure, 11 patients with 
gout and normal renal function, and 11 patients with chronic renal 
failure. 

• The mean serum uric acid concentration was higher in patients with 
ADPKD as a group than in controls (8.0 +/- 1.7 mg/dl vs. 6.4 +/- 1.6 
mg/dl, p less than .02). 

• Clinical gout was identified in 24% of patients with ADPKD; none of 
the patients with chronic renal failure of other etiologies had gout.

• Fractional excretion of uric acid and the activity of the enzyme 
hypoxanthine guanine phosphoribosyl transferase (HGPRT) were 
not different among the groups studied. 

• ADPKD should be included among those diseases associated with 
hyperuricemia and gout. 



• Risk of renal failure in a prospective cohort study of 49,413 Japanese men. 
Tomita M, Mizuno S, Yamanaka H, et al. J Epidemiol 2000; 10:403–409. 



• Cumulative incidence, over a 7-year period, of end-stage renal disease (ESRD) 
according to baseline serum urate level in a screened cohort of Japanese men 
and women. (Iseki K, et al. Am J Kidney Dis 2004; 44:642–650) 



Japanese Guideline for Therapy of Hyperuricemia without Gout 
(Asymptomatic Hyperuricemia)

Nucleosides, Nucleotides and Nucleic Acids 2011;30:1018-1029

•Drug therapy should be considered when the serum urate level reaches 8.0 mg/dL or more in cases 
with complications, such as urinary calculus, renal disease, and hypertension
•Drug therapy should be considered in cases of asymptomatic hyperuricemia with a serum urate 
level of more than 9.0 mg/dL after lifestyle adjustment.



Non-pharmacological Therapy for 
Hyperuricemia

• Diet – cut down red meat and chicken, more on 
vegetables

• Cut down fructose especially fruit juice

• Stop alcohol and soft drink

• Vitamin C

• Alkaline diet

• Using sodium bicarbonate (baking soda, sodamint)

• Hydration



Effect of oral vitamin C supplementation on serum uric acid
A meta analysis of randomized controlled trials

Arthritis Care & Research 2011; 63 (9): 1295–1306

• Thirteen RCTs were identified in the Medline, EMBase, and 
Cochrane Central Register of Controlled Trials databases. 

• The total number of participants was 556, the median dosage of 
vitamin C was 500 mg/day, trial size ranged from 8–184 
participants, and the median study duration was 30 days. 

• Pretreatment SUA values ranged from 2.9–7.0 mg/dl (Système
International d'Unités [SI units]: 172.5–416.4 μmoles/liter). 

• The combined effect of these trials was a significant reduction in 
SUA of −0.35 mg/dl (95% confidence interval −0.66, −0.03 [P = 
0.032]; SI units: −20.8 μmoles/liter). Subgroup analyses based on 
trial characteristics indicated larger reductions in uric acid in trials 
that were placebo controlled



Choose Alkaline Food or
Taking Sodium Bicarbonate Supplement



Sodium Bicarbonate (NaHCO3)
Uric Acid Excretor and CKD Protector

• An inexpensive, safe, and effective, but for 
unknown reason, is not a part of 
hyperuricemia treatment guidelines?.

• It can prevent renal calculi for both uric acid 
stones and calcium stones.

• Taste like salt but it is not NaCl so won’t 
cause rising in blood pressure.

• Numerous evidence now indicated that 
NaHCO3 can delay progression of CKD and 
should be prescribed in all cases of CKD 
regardless of serum bicarbonate.



Less acid, more alkaline food

Acid food

• Reverse osmosis water

• Soft drink (including 
unsweetened) is pure 
phosphoric acid

• Sugar 

• Fat 

• Animal fats except seafood 
contain arachidonic acid

• Protein is composed of amino 
acids

• Milk

Alkaline food

• Citrus fruits

• Vinegar (acetic acid)

• Soil grown vegetables

• Grains

• Spice



Why Citrus Fruits and vinegar are Alkaline?



 Lactate, Acetate, and Citrate
The Bicarbonate Precursors

• Lactate, acetate and citrate 
are normal components of 
metabolism and will be 
degraded to carbon dioxide 
and water.

• The carbon dioxide by the 
action of carbonic anhydrase 
will form bicarbonate and 
reduce the bicarbonate 
deficit.



Hydration and Gout
Kachur P. et al 2017 ACR/ARP Annual Meeting

• 17,321 individuals from the general population were surveyed by the National 
Health and Nutrition Examination Survey (NHANES) between 2009-2014. 

• From this data set, 539 participants with a gout diagnosis were selected for 
the current study after excluding all patients with chronic kidney disease. 

• Water intake was considered high for men taking ≥ 3000mg and for women 
taking ≥ 2200mg; while intake was considered low for men taking < 3000mg 
and for women taking < 2200mg. 

• Thirty nine percent of participants had a uric acid level <6mg/dL, the 
remainder had uric acid ≥6.0 mg/dL 

• The high uric acid group had significantly more obesity and hypertension, as 
well as having a significantly higher proportion of males. 

• Multivariate logistic regression showed a significant association between low 
water intake and hyperuricemia. 

• The odds of developing hyperuricemia was 58% less with high water 
intake after adjusting for age, sex, race diabetes, BMI, and hypertension.



Reverse Osmosis: The Toxic Water

• In Thailand, many hotels, restaurants, and hospitals will 
serve their clients with “reverse osmosis” or RO water.

• This type of water will have pH less than 6.5 and mineral 
free leading to systemic acidosis and can be the cause of 
mineral deficiencies, cancer, osteoporosis, atherosclerosis, 
and kidney failure.













Uric Acid Lowering Drug

 Xanthine Oxidase Inhibitor
 Allopurinol

 Febuxostat

 Uricosuric Agent
 Sulfinpyrazole

 Probenecid

 Benzbromarone

 Uricase
 Pegloticase

 Losartan??

 Fenofibrate??



Fenofibrate is associated with lower risk for 
incident gout among patients with type 2 diabetes

Lancet Diabetes & Endocrinology April 2018;6:310-318.

• Nearly 10,000 patients with type 2 diabetes were randomized to 
receive either fenofibrate or placebo for 5 years. In this post-hoc 
analysis, researchers looked at rates of incident gout.

• After 6-weeks' run-in, uric acid levels had fallen by 20% with 
fenofibrate, and at 1 year, levels remained 20% lower in the 
fenofibrate group than placebo group. During 5 years' follow-up, 
patients in the placebo group were more likely than fenofibrate
recipients to have a first episode of gout (3.1% vs. 1.7%). An 
estimated 71 patients would need to be treated to prevent one gout 
episode.



Uricosuric Agents
(sulfinpyrazole, probenecid, benzbromarone)

• Ineffective in patients who have kidney failure

• Hydration is a must

• Baking soda or sodamint supplement to help 
urine alkalinization

• Increase risk of kidney stone

• Drug interaction and liver toxicity can be fatal



• Xanthine oxidase 
inhibitor (allopurinol and 
febuxostat) is a potent 
drug used for treatment 
of hyperuricemia

• Uricase further oxidates
uric acid into allantoin, a 
more soluble molecule; 
however, the mutation in 
human uricase gene 
causes the enzyme to be 
non-functional.



Allopurinol Used for Gout Lower CKD Risk
Vargas-Santoz A.B. et al. JAMA Intern Med. October 8, 2018; 4463 

• Using a U.K. primary care database, researchers 
matched roughly 4800 users of allopurinol (at least 300 
mg/day) to nonusers. All patients were newly diagnosed 
with gout and didn't have CKD (stage 3 or higher) at 
baseline.

• During 4–5 median years' follow-up, fewer people taking 
allopurinol were diagnosed with stage 3 or higher CKD 
than people not taking the drug (579 vs. 623). Lower 
doses did not yield a similar effect.



Allopurinol slows down the progression of renal disease in patients 
with CKD, and reduces cardiovascular risk and hospitalization.
(Clin J Am Soc Nephrol 2010; 5: 1388-1393)

• 113 patients with eGFR < 60 ml/min 
were randomly assigned to treatment 
with allopurinol 100 mg/d or the usual 
therapy for 24 months.

• The result showed that allopurinol 
treatment slowed down renal disease 
progression independently of age, 
gender, diabetes, albuminuria, and 
renin-angiotensin system blockers use.

• In addition, 15 cardiovascular events 
occurred in the control group and only 
7 events in allopurinol treatment group.



Allopurinol: NOT JUST FOR GOUT!

• Ameliorates endothelial dysfunction and arterial stiffness 
(Hypertension 2000; 35; 746-751, Circulation 2003;107:416-421).

• Regress left ventricular mass and improve endothelial function 
among patients with CKD (J Am Soc Nephrol 2011;22:1382-1389).

• Purine derivatives suppress 1,25 (OH)2 D synthesis. Allopurinol 
increases plasma 1,25 (OH)2 D in patients with chronic mild to 
moderate renal failure (J Am Soc Nephrol 1993; 4:1035-1038).

• In patients with angiographically documented coronary artery 
disease and positive exercise tolerance test. Allopurinol increased 
the median time to ST depression, median exercise time, and time 
to chest pain (Noman et al. Lancet 2010).



Allopurinol

• Start slow 50 -100 mg/day 

• Increase the dosage gradually to keep uric acid level < 6 
mg/dL

• Side Effects are:
– Attacks of gout (can be prevented with colchicine (0.6 mg) 1-2 

tablets a day)

– Hepatitis

– Dry itchy skin

– Dermatitis

– Fixed drug eruption

– Steven Johnson syndrome

– Drug Interaction



Dermatitis
Fixed Drug Eruption 

Steven Johnson Syndrome



Strong association between HLA-B*5801 and allopurinol-induced 
Stevens-Johnson syndrome in a Thai population.

Pharmacogenet Genomics.2009 Sep;19(9):704-9 

• Twenty-seven allopurinol-induced 
SJS/TEN and 54 allopurinol-tolerant 
patients were enrolled in the study. 

• All of the 27 (100%) allopurinol-induced 
SJS/TEN patients who were examined 
carried HLA-B*5801 whereas only 
seven (12.96%) of the control patients 
had this allele. 

• The risk of allopurinol-induced SJS/TEN 
was significantly greater in patients with 
HLA-B*5801 when compared with those 
who did not carry this allele, with an 
odds ratio of 348.3.



Febuxostat
Nonpurine Selective Inhibitor of Xanthine Oxidase

(N Engl J Med 2005;353:2450-2461)



Management of hyperuricemia
• Patient education on diet (including fructose reduction) and lifestyle 

is recommended.
• Xanthine oxidase inhibitor therapy with allopurinol or febuxostat is 

recommended
• Target serum urate level should be lower than 6 mg/dl
• Prior to initiation of allopurinol, HLA-B* 58:01 testing should be 

considered.
• The starting dosage of allopurinol should be low for example 100 mg 

every other day.
• Beware of allopurinol drug interaction
• In patients who can not tolerate allopurinol, febuxostat can be 

another alternative.
• Since febuxostat is very effective only 40 mg or half a tablet per day 

is usually needed.
• To avoid the side-effects of high dose allopurinol, low dose 

allopurinol can be taken on alternate day with low dose febuxostat.



We can not wait for conventional doctors to realize the 
significance of hyperuricemia on health and disease


