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Abstract: We reviewed lifestyle
factors that influence serum uric acid
levels and risk of gout flare, and how
to improve their deleterious effects.
Since obesity increases uric acid

and weight gain increases gout risk,
weight reduction by daily exercise
and limiting intake of excess calories
is recommended. However, strenuous
exercise, which causes adenine
nucleotide degradation; starvation,
which decreases uric acid excretion;
and debydration may raise the level
of uric acid in serum and trigger
gout. Increased intake of purine-rich
Jfoods, such as meat and seafood, raise
the level of uric acid in serum and is
associated with increased risk of gout,
whereas dairy products, especially
low-fat types, are associated with a
lower risk of gout. Also, beavy alcohol
drinking raises the uric acid level
and increases the risk of gout through
adenine nucleotide degradation and
lactate production. Sweet fruits and
soft drinks containing fructose should
be moderated, since fructose may
raise uric acid and increase gout risk
through uric acid production and/or
decreased excretion. On the other hand,
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the Mediterranean diet is recommended
Jor gout patients, since it may also belp
prevent hyperuricemia. Furthermore,
coffee and vitamin C supplementation
could be considered as preventive

measures, ds those can lower serum uric

acid levels as well as the risk of gout.
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lifestyle is also a key contributing factor
for the development of hyperuricemia and
gout, and the importance of
nonpharmacological treatment by
changing lifestyle factors such as diet,
weight control, and adequate hydration is
important from the viewpoint of economic
issues and possible adverse effects of uric
acid-lowering agents. This review focuses
on recent studies that advocate favorable

!There is no doubt that lifestyle is also
a key contributing factor for the
development of hyperuricemia and

gout...i

strong genetic link exists (ABCG2
dysfunction) in the development of
yperuricemia as compared to

environmental risk factors such as obesity,
ageing, and heavy alcohol drinking.'
Moreover, with the advent of new
hypouricemic agents, it has become easier
to control serum uric acid concentration.
Nevertheless, there is no doubt that

lifestyle habits to reduce the risk of gout
and/or hyperuricemia, including weight
control, appropriate diet, and moderation
of alcoholic beverage and soft drink
consumption.

Body Weight and Exercise

Relationships among serum uric acid
level, hyperuricemia, obesity, and
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Figure 1.

Increased Uric Acid Influx Induced by Hyperinsulinemia.
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Insulin resistance/hyperinsulinemia increases reabsorption of sodium and monocarboxylic acid via
SMCT1 with uric acid influx in exchange for monocarboxylic acid excretion via URAT1.

metabolic syndrome are well established.

In cross-sectional analyses, higher serum
uric acid concentration was found to be
positively correlated with body mass
index (BMD)* and metabolic syndrome.*>
It is possible to reduce serum uric acid
level and the risk of gout by reducing
body weight through dietary
modifications and exercise. With this
method, gradual weight loss is more
beneficial as compared to a drastic
reduction, since abrupt weight loss
causes ketosis, which promotes uric acid
reabsorption via urate transporter 1
(URAT1), a member of the organic acid
transporter family, resulting in increased
uric acid in serum (Figure 1).

Yamashita et al investigated 27
overweight subjects who underwent
gradual reduction of total calorie intake
(1500 to 800 kcal/day) and exercise
therapy (walking, riding bicycle,
ergometer) and found that the uric acid
clearance/creatinine clearance ratio
gradually increased to near normal,
while the level of uric acid in serum was
reduced during the course of weight
reduction.’ In another study, Scott and
Sturge reported that 24-hour uric acid
excretion was significantly reduced by
weight loss without any change in uric

acid clearance.” Therefore, it is
reasonable to assume that serum uric
acid level change induced by weight
reduction is ascribable to correction of
both underexcretion and overproduction
of uric acid associated with obesity.
Those studies also suggested that
hyperuricemia associated with obesity
can be treated with appropriate weight
reduction, without the need for drug
therapy.

Weight reduction caused by daily
exercise and adequate food portion size
can help reduce the risk of gout, insulin
resistance, and associated comorbidities,
as well as serum uric acid level. Dessein
et al noted the beneficial effects of
weight reduction in a number of gout
attacks, as well as serum level of uric
acid and lipid profiles. In their subjects,
16 weeks of diet consisting of 1600 kcal/
day resulted in weight loss of 7.7 + 5.4
kg (P =.002) and decreased the
frequency of monthly gout attacks from
2.1+£0.810 0.6+ 0.7 (P=.002), while
the level of uric acid in serum was
decreased from 0.57 £ 0.10 to 0.47 + 0.09
mmol/L (P = .001). More recently,
Tsunoda et al treated overweight
hypertensive patients with a low-energy
diet (3360 k]/day for 3 weeks) and found
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that serum uric acid was decreased (0.4
+ 0.2 mg/dL, P < .05) along with
improvement in insulin resistance.

In an epidemiological study with a
longer duration, relationships among
obesity, weight change, and risk of gout
were investigated over a 12-year period.
When compared with males with a BMI
ranging from 21 to 22.9, the multivariate
relative risks of gout were 1.95 for males
with a BMI of 25 to 29.9, 2.33 for males
with a BMI of 30 to 34.9, and 2.97 for
males with a BMI of 35 or more.
Moreover, as compared with males who
had maintained their weight (2.3 kg)
since the age of 21 years, the multivariate
relative risk of gout for those who had
gained 13.5 kg or more since the age of
21 years was 1.99. In contrast, the
multivariate relative risk for males who
had lost 4.5 kg or more since the study
baseline values were obtained was 0.61
(95% confidence interval = 0.40-0.92).
Therefore, it is considered that greater
adiposity and weight gain are strong risk
factors for gout in males, while weight
loss is protective against gout risk."

Insulin resistance and hyperinsulinemia
caused by visceral fat obesity increases
reabsorption of sodium and
monocarboxylic acid via sodium and
monocarboxylic acid cotransporter
(SMCT) with uric acid influx in exchange
of monocarboxylic acid excretion via
URAT1, resulting in increased uric acid in
serum (Figure 1). Weight reduction
improves insulin resistance, and thus
abrogates increased uric acid
reabsorption in proximal renal tubules.
On the other hand, it is has been
speculated that hyperinsulinemia
interferes with glyceraldehyde-3-
phosphate dehydrogenase (GA3PDH)
activity, thus promoting glycolytic
intermediates toward ribose-5-phosphate
and phosphoribosyl-pyrophosphate, with
overproduction of uric acid following
when there is diminished GA3PDH
activity."

To reduce body weight, it is important
to burn more calories by exercise and
restrict calorie input, which consequently
leads to a reduction in serum uric acid
concentration. However, strenuous
muscle exercise increases uric acid in

9



vol. 11 eno. 4

American Journal of Lifestyle Medicine

serum, whereas moderate exercise does
not have such an effect."” Exercise
(VOZmaX 70%) increases adenine
nucleotide degradation and lactic acid
production, and also induces
noradrenaline release, resulting in
increases in the plasma concentration
and urinary excretion of oxypurines
(hypoxanthine, xanthine), and plasma
concentration of uric acid, as well as
decreases in the urinary excretion of uric
acid, along with fractional excretion of
uric acid and xanthine."” Yamanaka et al
showed that muscle exercise not
exceeding the anaerobic threshold does
not cause adenine nucleotide
degradation; thus, aerobic exercise is
expected to be beneficial for patients
with gout and/or hyperuricemia."*
Whether aerobic exercise itself decreases
serum uric acid and gout risk is
uncertain, though it has been suggested
that moderate-intensity physical activity
is associated with lower uric acid
concentration in obese individuals.” In
addition, physically active males as
compared with sedentary males seem to
have a lower risk of gout.16

Dehydration and Rehydration

Sauna bathing has been shown to
increase the plasma concentrations of
uric acid and oxypurines (hypoxanthine,
xanthine), while it decreased urinary and
fractional excretion of uric acid,
suggesting a relationship between
dehydration and enhanced purine
degradation and decreased urinary
excretion of uric acid, leading to an
increase in plasma concentration of uric
acid."” Exercise-induced profuse sweating
reduces urinary uric acid excretion and
leads to increased serum uric acid
concentration; thus, it is recommended
to drink plenty of water to avoid an
increase in serum uric acid level after
exercise that produces heavy sweating."

Thus, dehydration may be a risk factor
for a gouty attack by raising the serum
uric acid level. The ability for uric acid
excretion is proportional to urine flow."
Gout patients are also encouraged to
drink plenty of fluids, as results of an
Internet-based case-crossover study
suggested that adequate water

consumption in the 24-hour period prior
to a gout flare is associated with a
significant decrease in recurrent gout
attacks (reduction of 46% with water
consumption >1920 mL).” In addition,
urine alkalization by eating nutritionally
well-designed food, such as vegetables
and dairy products, is important and
effective for promoting uric acid
excretion.”

Dietary Factors

Recently conducted prospective
epidemiological and open-labeled
dietary studies have provided novel
insight into the roles of dietary factors,
discretionary items, and various
supplements in development and/or
prevention of hyperuricemia and gout.
Some foods can lead to increased risk,
while others can lead to decreased risk
of their development. Furthermore, it has
been reported that individuals with
hyperuricemia tend to have a poor diet,
such as higher alcohol consumption and
lower vegetable and dairy product
intake.”

Purine-Rich Foods

Since uric acid is an end-product of
purine metabolism in humans, it is
reasonable to suggest that excessive
ingestion of purine-rich foods causes an
increase in serum uric acid. In fact,
ingestion of RNA (corresponding to 225
mg purine/kg of body weight) increased
plasma uric acid by 0.74 mg/dL,
indicating that excessive consumption of
purine increases plasma uric acid
concentration.” However, not all purine-
containing foods have the same effect on
serum uric acid level and gout risk.

The Third National Health and
Nutrition Examination Survey (1988-
1994), which investigated the relationship
between intake of purine-rich foods and
serum level of uric acid, indicated that
higher levels of meat and seafood
consumption were associated with
higher levels of uric acid in serum.** In
addition, a large-scale study involving
more than 45 000 males over a period of
12 years (The Health Professionals
Follow-Up Study) found that such

increased consumption was also
associated with a higher risk of gout,
while a moderate intake of purine-rich
vegetables (peas, beans, lentils,
asparagus, spinach, mushrooms) was not
associated with that increased risk.”
Moreover, intake of purine-rich
vegetables was not associated with
plasma uric acid level in a population-
based case-control study conducted in
Scotland (1999-2006).% The reason why
purine-rich vegetables do not increase
uric acid in serum or gout risk is
uncertain, though fiber contained in such
vegetables may be related, since
increased fiber intake was reported to be
significantly associated with a decreased
risk of hyperuricemia,”” probably by
inhibiting purine or adenine absorption
in the digestive system.”

The relationship between purine intake
and risk of recurrent gout attacks was
also investigated using an Internet-based
questionnaire study. When compared
with the lowest quintile of total purine
intake over a 2-day period, the odds
ratios of recurrent gout attacks were 1.17,
1.38, 2.21, and 4.76, respectively, with
each increasing quintile, suggesting that
acute purine intake increases the risk of
recurrent gout attacks. The authors
recommended that gout patients should
avoid or reduce the amount of purine-
rich foods intake.”

A purine-rich diet for 1 to 2 weeks
produces only a small transient rise in
serum uric acid level of 1 to 2 mg/dL,
while an isocaloric low-purine diet for 7
to 10 days will slightly reduce serum uric
acid by about 1 to 2 mg/dL*"
suggesting that strict restriction of
consumption of purine is not practical or
effective for uric acid control.
Accordingly, adequate calorie intake and
weight management with moderation of
meat and seafood in the diet has been
recently recommended for gout/
hyperuricemia subjects.

Fructose

Fructose, found in fruits and
vegetables, is a simple sugar that
provides fuel for the human body, and it
is the only sugar that raises the level of
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Figure 2.

Increased Adenosine Nucleotide Degradation by Fructose.
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Fructose is metabolized to fructose-1-phosphate by fructokinase in the liver, which then consumes
ATP and phosphate. Depletion of phosphate induces decreased ATP recycling and activates AMP
deaminase, which is suppressed by phosphate, then subsequently increases AMP degradation to
IMP, inosine, hypoxanthine, xanthine, and finally uric acid.

uric acid in serum. Consumption of
sugars, such as table sugar and high-
fructose corn syrup, has dramatically
risen in recent decades and correlates
closely with increased incidence of
obesity, metabolic syndrome, diabetes,
and hyperuricemia/gout. Consumption of
sugar-sweetened beverages, a major
source of fructose, raises the serum uric
acid level and is associated with
increased risk of gout. The increased
prevalence of gout is probably secondary
to the recent rise in fructose
consumption as well as the increase in
obesity, though it remains a significant
contributing factor.*

As for the mechanism of fructose-
induced production of uric acid, when
fructose is metabolized to fructose-1-
phosphate by fructokinase in the liver,
adenosine triphosphate (ATP) and
phosphate are consumed. Depletion of
phosphate leads to decreased ATP
recycling and activates adenosine
monophosphate (AMP) deaminase,
which is suppressed by phosphate, then
subsequently increases AMP degradation
to inosine monophosphate (IMP),
inosine, hypoxanthine, xanthine, and
finally uric acid (Figure 2). Thus,
elevated levels of uric acid induced by
high fructose consumption are likely
associated with depletion of ATP in the
liver. In contrast, an experimental
high-fructose diet given for 4 to 6 days

led to lower urinary uric acid clearance
and fractional uric acid excretion as
compared with a low-fructose diet,
suggesting that decreased urinary uric
acid excretion may contribute to
fructose-induced hyperuricemia.* Also,
10% fructose given intravenously (0.5 g/
kg/h) for 2 hours increased blood
lactate concentration, which may be
attributable to decreased uric acid
excretion via URAT1.” Furthermore, it
has been reported that excessive
consumption of a high-fructose diet is
associated with insulin thzsistance,36 and
may cause decreased uric acid excretion
and/or increased uric acid production.
However, the effect of consumed
fructose on uric acid has yet to be
clarified.

Findings of the Third National Health
and Nutrition Examination Survey
(1988-1994) suggested that sugar-
sweetened soft drink consumption is
associated with serum uric acid level
and frequency of hyperuricemia.”’” More
recently, a cross-sectional study of
Mexican adults reported that
consumption of sweetened beverages is
associated with increased risk of
hyperuricemia.*® The Health
Professionals Follow-up Study of 46 393
males conducted for a period of 12
years suggested that consumption of
sugar-sweetened soft drinks, fructose,
fructose-rich fruits, and fruit juices is
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associated with increased risk of gout in
males, whereas that of diet soft drinks
did not have an association.”” Among
females, consumption of fructose-rich
beverages is also associated with
increased risk of gout. A prospective
cohort study of 78 906 females
conducted from 1984 to 2006 (Nurses’
Health Study) showed that compared
with consumption of less than 1 serving
per month of sugar-sweetened soda or
orange juice, the multivariate relative
risk of gout was 1.74 for 1 serving per
day and 2.39 for 2 or more servings per
day. When compared with consumption
of less than 1 serving per month of
orange juice, the multivariate relative
risk of gout for 1 serving per day was
1.41 and that for 2 or more servings per
day was 2.42 (P = .02 for trend).”

Oral administration of sucrose at 1.5
g/kg of body weight in healthy male
volunteers increased the plasma
concentration of uric acid by 11% (P <
.01), as well as oxypurines
(hypoxanthine and xanthine),
suggesting that enhanced purine
degradation by sucrose plays a major
role in the increased plasma
concentration of uric acid.” It has been
reported that higher-than-normal daily
intake of fructose may lead to
hyperuricemia.***® Two weeks of acute
fructose diet raised uric acid
concentration in serum compared to
glucose diet, irrespective of isocaloric or
hypercaloric status.” On the other hand,
it has been reported that 10-week
moderate”’ to high consumption of
fructose (50 g) did not induce
hyperuricemia.” Furthermore, meta-
analysis of 21 trials investigating the
effects of fructose intake on serum uric
acid suggested that isocaloric fructose in
exchange for other sources of
carbohydrate did not raise uric acid
concentration in serum, while
hypercaloric fructose intake raised uric
acid concentration in serum.”
Therefore, larger and long-term studies
under free-living conditions as well as
interventional studies to reduce fructose
intake are awaited to assess the effect of
fructose on uric acid in daily life
independent of excess energy.
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Dairy Products

Dairy products are recognized as
important dietary factors for reducing
serum uric acid and the risk of gout
development. According to
epidemiological studies by Choi and
colleagues, higher levels of dairy
consumption were associated with lower
serum levels of uric acid and gout
risk. 2% Although the underlying
mechanism is not clear from these
studies, acute ingestion of milk
corresponding to 80 grams of protein led
to a decrease in serum uric acid
concentration by approximately 10%,
while that of the soy control increased
the serum uric acid concentration by
10%.” Kurajoh et al also found that milk
ingestion at 15 mL/kg of body weight
increased the urinary and fractional
clearance of uric acid excretion.” In
addition, administration of 80 grams of
isolated dairy proteins, casein, and
lactalbumin significantly reduced serum
uric acid concentrations over a 3-hour
period, while that of soy protein
increased uric acid in serum. The
reduction in serum uric acid
concentration was also associated with
an increase in clearance of uric acid.”
Thus, the uricosuric effects of casein and
lactalbumin and low purine content in
milk seem to contribute to an acute uric
acid-lowering effect. Additionally, orotic
acid, which is present in milk, decreases
the reabsorption of uric acid and
promotes its excretion by the kidneys.”

Dalbeth et al identified the anti-
inflammatory properties of
glycomacropeptide (GMP) and G600
milk fat product in models of acute gout.
They also found that gout patients who
drank enriched skim milk (GMP, G600)
had a much greater reduction in gout
flare-ups and greater pain
improvement.54

Cherries

As a complementary and alternative
medical therapy, cherries have been used
for gout for decades, largely based on
anecdotal evidence. The first study of
correlation between cherries and gout

appeared in medical literature in 1950.”
Blau suffered from gout and noticed that
gout pain subsided after eating some
black cherries. Other investigators also
began exploring the phenomenon, and
additional studies found that cherries and
cherry juice contain antioxidants and
anti-inflammatory agents that are
effective for alleviating pain associated
with gouty arthritis. A study of 633
patients with confirmed gout for 1 year
found that those who consumed cherries
(1/2 cup serving or equivalent to 10-12
cherries) or a cherry-based extract for 2
days had their chance of a subsequent
gout attack reduced by 35%.” In another
study, 18 healthy adults who ate 280
grams of Bing cherries each day for 1
month had a significant reduction in
blood levels of substances associated
with inflammation and immune cell
activity (C-reactive protein, nitric oxide,
RANTEY); thus, the anti-inflammatory
effects of substances in cherries may be
beneficial for the management and
prevention of gout flare.”” Ingestion of
cherry juice concentrate also reduced the
incidence of flare-ups in gout patients,
though no significant change in serum
urate level was found. These results
suggested an anti-inflammatory action of
cherry juice.

High intake of fruits such as cherries
and of vegetable protein may reduce
serum uric acid levels. Ten healthy
females who ate 2 servings of Bing
cherries had plasma uric acid decreased
by 15% at 5 hours after consumption, as
compared with the preconsumption
baseline (P < .05) along with an
increase in urinary uric acid excretion,
supporting the anecdotal anti-gout
reputation of cherries.”” When 10
participants (38.1 + 12.5 years old; BMI
32.2 + 4.6, 5 obese, 5 overweight)
consumed 8 oz/day of 100% tart cherry
juice for 4 weeks, 70% (7/10) reduced
serum uric acid levels.”

Mediterranean Diet

The Mediterranean diet is a traditional
dietary pattern that includes a
proportionally high consumption of
unrefined cereals, legumes, fruits and
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vegetables, and olive oil, with moderate
consumption of fish, dairy products such
as cheese and yogurt, and wine, and
low consumption of meat, meat
products, and sweets. It is often cited as
beneficial for obesity, diabetes, and
coronary heart disease.

In a prospective cross-sectional analysis
of 4449 elderly participants with high
cardiovascular risk, an inverse association
was observed between increasing level
of adherence to the Mediterranean diet
and decreasing incidence of
hyperuricemia (P < 001).%" Also,
Kontogianni et al used MedDiet scoring
to explore potential associations between
adherence to the Mediterranean diet and
serum uric acid levels in the ATTICA
study.(’2 They found that MedDiet scores
were inversely associated with serum
urate level independent of sex, weight,
hypertension, abnormal glucose
metabolism, and alcohol or coffee intake,
supporting a potential role of the diet for
prevention and treatment of
hyperuricemia. Moreover, in elderly
individuals without known
cardiovascular disease, linear regression
analysis revealed that MedDiet scores
were inversely associated with uric acid
level, though the effect of the
Mediterranean diet on the incidence of
gout has not been reported.

Soy Foods

Although short-term experiments have
shown that soy protein consumption
increases serum uric acid
concentration,”* the amounts used in
those studies were much greater than
that routinely consumed in an entire
day.

In a review by Messina et al,
epidemiological data indicate that soy
food intake is not associated with
hyperuricemia, while clinical studies also
indicate that such intake does not
markedly affect serum uric acid levels.*
Furthermore, Villegas et al conducted a
cross-sectional study of 3978 middle-
aged Chinese men in Shanghai and
found an inverse association between
soy food consumption and
hyperuricemia (odds ratios = 1.00, 0.92,
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Figure 3.

Mechanism of Increased Uric Acid by Alcoholic Beverage Consumption.
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Alcobol. The effect of ethanol on uric
acid metabolism was reviewed in detail
by Yamamoto et al.®

Ethanol increases uric acid production
resulting from acetate metabolism and
enhanced adenosine nucleotide
turnover,”® and increases lactic acid
level in blood, leading to increased
serum uric acid in serum (Figure 3).
Purines contained in beer also contribute
to an increase in plasma uric acid.”

The effects of ethanol on serum uric
acid and gout risk differ depending on
the type of alcoholic beverage. In the
Third National Health and Nutrition
Examination Survey (1988-1994), the
relationships of beer, liquor, and wine
consumption with serum uric acid level
were studied using data obtained from
14 809 participants (6932 males, 7877
females; >20 years old), which showed
that the levels of uric acid in serum
increased with increasing beer or liquor
intake, but not with increasing wine

and increases lactic acid level in blood, leading to increased uric acid in

intake, suggesting that the effects of
individual alcoholic beverages on uric
acid vary according to type of alcoholic
beverage.” However, all alcohol
beverages, even wine, are associated
with increased risk of recurrent gout
attacks. Therefore, gout patients should
limit alcohol intake of all types to reduce
the risk of a recurrent attacks.”

According to Nishimura et al, drinking
0.5 g ethanol/kg of body weight
increased serum uric acid levels in
regular drinkers by 0.8 + 0.4 mg/dL,
whereas no such increase was seen in
non- or occasional drinkers.”

Moreover, beer ingestion for a period
of 1 month increased serum and urinary
uric acid concentrations, suggesting
that a daily drinking habit was also
related to increased serum uric acid.
Therefore, it is important to pay attention
to these factors, including ingested
ethanol volume and type of alcoholic
beverage, to prevent and treat ethanol-
induced hyperuricemia.

Coffee. Coffee consumption has been
found to be associated with lowered
serum uric acid level and hyperuricemia
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frequency.”” Kiyohara et al performed a
cross-sectional examination of the
relationship of coffee consumption with
serum uric acid concentration in 2240
male Self-Defense Force officials in Japan
who received a preretirement health
examination between 1993 and 1994,
and found a clear inverse relationship.”
Choi et al also showed that the level of
uric acid in blood was significantly
decreased with increasing coffee but not
tea intake. On the other hand, there was
no association seen between total
caffeine intake from beverages and uric
acid levels.* They also prospectively
examined the relationship between
coffee consumption and gout risk in

45 869 males over a period of 12 years
and reported that the risk of gout was
decreased to 0.41 in those who
consumed 6 or more cups of coffee each
day as compared to subjects who did not
drink coffee, and suggested that
long-term coffee consumption is
associated with a lower risk of gout
incidence.” However, coffee contains
moderate to high amount of oxalate.
Therefore, individuals possessing renal
stone and/or past stone formers may
well limit coffee intake.

The mechanisms related to how coffee
lowers uric acid in serum and decreases
gout risk is not clear from those
observational studies, though
chlorogenic acid, a polyphenol abundant
in coffee, may play an important role.
Chlorogenic acid has been shown to
have antioxidant properties and inhibit
the activity of xanthine oxidase, though
those were much weaker as compared
with allopurinol (ICSO of chlorogenic acid
against xanthine oxidase as compared to
allopurinol: 26.37 + 2.83 pM vs 1.47 £
0.32 uM"’; 126.28 + 6.92 1M vs 11.00 +
6.39 uM™), which may contribute to the
uric acid-lowering effect and anti-gout
property of coffee. Epidemiologic and
experimental data have also suggested
that chlorogenic acid prevents diet-
induced insulin resistance.”* Thus,
chlorogenic acid may reduce uric acid in
serum by alleviating insulin resistance.

Vitamin C. The Health Professional
Follow-up Study that includes 1387
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males examined serum uric acid levels
according to total vitamin C intake and
found a decreasing trend with increased
intake (6.4, 6.1, 6.0, 5.7, and 5.7 mg/dL
with <90, 90-249, 250-499, 500-999, and
>1000 mg/day, respectively; P for trend <
.001), with greater vitamin C intake
associated with lower prevalence of
hyperuricemia.” It has also been
suggested that vitamin C may lower the
level of uric acid in serum by increasing
the excretion of uric acid in urine,*
probably due to competitive inhibition of
an anion exchange transport system in
the renal proximal tubules.® It is also
possible that vitamin C increases
glomerular filtration rate ™ thereby
increasing uric acid excretion.

A randomized control study indicated
that supplementation with 500 mg/day
of vitamin C for 2 months reduces
serum uric acid by increasing the
estimated glomerular filtration rate.%
Moreover, a meta-analysis of 13
randomized controlled trials showed
that vitamin C supplementation
significantly lowered serum uric acid
level.”” Choi et al prospectively
examined the relationship between
vitamin C intake and risk of incidence
of gout in 46 994 males with no history
of gout from 1986 through 2006, and
they found that subjects with higher
vitamin C intake had lower risk. In men
with supplemental vitamin C intake of
1500 mg/day or greater, the multivariate
relative risk of gout was 0.55 as
compared with those with vitamin C
intake less than 250 mg/day.” The exact
anti-gout mechanism of vitamin C is
unknown, though its antioxidative
property has been widely reported.”
Although these results are attractive, the
upper limit of vitamin C ingestion per
day has been stated by the US Food and
Drug Administration to be below 2.0 g/
day in adults (age >19 years), as
gastrointestinal effects such as diarrhea
have been reported with doses over
1000 mg/day. In addition, it was
recently reported that vitamin C
supplementation had an anti-gout effect
but did not reduce serum uric acid by a
clinically significant degree in patients
with established gout.”

Stress

The relationship between stress and
uric acid has recently attracted attention,
as it was found that uric acid in serum is
temporarily elevated by various kinds of
daily emotional stress.”" In the study,
elevated levels of uric acid in serum
were suppressed by administering
diazepam, suggesting that uric acid level
rose as a result of stress.”

Based on these results, it is considered
that gout patients should avoid stress.
However, it is difficult to check the
influence of only stress on uric acid with
other factors excluded and it is not easy
to measure stress in a quantitative
manner; thus, the precise relationship
between stress and uric acid in humans
remains to be clarified.
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