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Hyperuricemia is a recognized risk factor for cardiovascular disease. This study investigated trends in uric acid
levels, hyperuricemia and gout among adults in Taiwan from 1993-1996 to 2005-2008, using data collection
from, Nutrition and health surveys in Taiwan (NAHSIT) conducted in 1993-1996 and 2005-2008. Information
on food frequency, medical history, physical measures and fasting blood parameters were analyzed. Mean uric
acid levels decreased between 1993-1996 and 2005-2008 in both genders (6.77 vs 6.59 mg/dL in men and 5.33
vs 4.97 mg/dL in women) and the prevalence of hyperuricemia declined from 25.3% to 22.0% in men (p<0.0001)
and from 16.7% to 9.7% in women (p<0.0001). However, the prevalence of gout (self-reported) increased
(4.74% vs 8.21% in men and 2.19% vs 2.33% in women, p<0.0001). Reduced rank regression was used to iden-
tify dietary patterns that explained significant amounts of variance in uric acid. Frequency of consumption of
lean meat, soy products and soymilk, milk, eggs, vegetables, carrots, mushrooms, fruit and coffee were nega-
tively associated with hyperuricemia, whereas consumption of organ meats, bamboo shoots, and soft drinks were
positively associated with hyperuricemia. The dietary factor score (DFS) composed of the frequency of above
food items decreased from -5.40 to -6.00 between the two surveys (p<0.0001). In conclusion, uric acid levels and
prevalence of hyperuricemia both declined, whilst self-reported gout increased between 1993-1996 and 2005-
2008. Changes in dietary patterns may in part explain the decrease in uric acid levels between the two national

Surveys.
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INTRODUCTION

Cardiovascular disease is a major public health issue in
Taiwan and is responsible for 27% of deaths. Hyperu-
ricemia is a recognized independent risk factor for car-
diovascular disease,'” and the association between high
uric acid and CVD exists even in a low CVD risk popula-
tion. Taiwan is a region with a relatively high rate of hy-
peruricemia, with a prevalence of 43.7% in men and
27.4% in women aged >15 years.” This high prevalence
suggests that hyperuricemia may make a substantial con-
tribution to cardiovascular disease risk in Taiwan.

Dietary behavior is changing in Taiwan, partly as a re-
sult of improved nutritional knowledge and behavior.
Previous studies have reported that uric acid levels can be
affected by diet.*’ Ingestion of seafood increases uric
acid,® whereas milk consumption reduces the risk of hy-
peruricemia.’ Although studies have reported associations
between the ingestion of single foods and hyperuricemia,
dietary patterns usually reflect combinations of multiple
foodstuffs. Therefore, it is more appropriate to use dietary
patterns (multiple foods) when investigating the associa-
tion between dietary intake and hyperuricemia. Reduce
rank regression (RRR) is a multivariate method that has
been recently used to investigate associations between

particular dietary patterns and disease traits or biomarkers.’
Compared to investigations focused on single food items,
examination of dietary patterns is more likely to compre-
hensively represent the actual components of a person’s
diet. As a result, we decided to investigate trends in uric
acid levels and the prevalence of hyperuricemia between
two national surveys, and to identify dietary patterns as-
sociated with high and low uric acid levels using RRR.

MATERIALS AND METHODS

Study population

The two Nutrition and Health Surveys in Taiwan (NAHSIT)
were carried out during 1993-1996° and 2005-2008.” The

samples in the two surveys were both selected using a stra-

tified multi-stage sampling method. The response rate was
74% in NAHSIT 1993-96, and 65% in NAHSIT
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2005-2008. The survey methods have been described in
detail previously.>” There were 2979 adults (1395 men
and 1584 women) from NAHSIT 1993-96 and 1661
adults (809 men and 852 women) from NAHSIT 2005-08
with complete questionnaire and uric acid data that were
used for this analysis.

Measures

Food frequency questionnaire

Data on the frequency of food intake was collected by
well-trained interviewers and the same 28-item food fre-
quency questionnaire was used in both national surveys.®
Food items measured in the questionnaire included: fish,
poultry (chicken and duck), lean meat (pork), high-fat
meat, soy products (tofu), soy milk, milk, eggs, vegeta-
bles, fresh fruit, pickled vegetables, fermented foods,
deep fish, shellfish, other seafood (shrimp and crab), sea-
weed, liver, other organ meats, carrots, melons, mush-
rooms, bamboo shoots, beans, dark colored vegetables,
soft drinks, juice, and coffee. For all items the frequency
of intake per week was measured.

Definition of hyperuricemia and gout

Hyperuricemia was defined as a serum uric acid concen-
tration of more than 7.7 mg/dL (458 uM) in men and
more than 6.6 mg/dL (393 pM) in women, or use of uric
acid lowering drugs. The presence of gout was deter-
mined by self-report answer to the question “Has a doctor
ever told you that you have gout?”

Statistical analysis

The distribution of uric acid concentrations in the two
surveys were described by means and standard errors.
Student’s t test and chi-square test were used to compare
uric acid levels and the prevalence of hyperuricemia, re-
spectively, between the two surveys. Due to the complex
sampling design, SUDAAN was used to weight the two
survey samples before calculating estimates.’

We used RRR to identify dietary patterns associated
with uric acid levels. RRR extracts factors (food fre-
quency), aiming to explain the maximum possible varia-
tion of uric acid concentration. RRR is an appropriate
statistical method that can be used to identify dietary pat-
terns associated with disease traits or biomarkers,® and
has been used to determine the dietary patterns associated
with incidence of type 2 diabetes mellitus.”'' The abso-
lute factor loading for the dietary pattern score was set at

more than 0.2 in both men and women.” The dietary pat-

tern score was generated by the following equation:
Dietary pattern score = factor loading x frequency
of food intake (times/week)

Participants were classified into four groups based on
quartiles of dietary patterns. Logistic regression was used
to estimate the odds ratio of hyperuricemia for the second
to fourth quartiles of dietary pattern score, compared to
the lowest quartile. We also tested for a trend in the rela-
tionship between dietary pattern and hyperuricemia, using
the median value of the dietary pattern score for the four
groups and logistic regression.

RESULTS

Uric acid levels by gender and age

The distribution of serum uric acid levels by age and gen-
der in the two surveys are described in Table 1. In the
most recent survey (NAHSIT 2005-2008), men had high-
er levels (6.77 vs. 5.33, p<0.001) and a higher prevalence
of hyperuricemia than women (Table 1). Uric acid con-
centrations in adults aged 19-45 yrs, 45-64 yrs and >65
years were 6.73, 6.33, and 6.59, respectively in men (p
for trend = 0.020), and 4.65, 5.11, and 5.98, respectively
in women (p for trend <0.0001). Similarly the prevalence
of hyperuricemia in the same age groups was 22.1%,
18.8% and 25.8%, respectively in men (p for trend
<0.0001) and 4.3%, 9.1%, and 33.6%, respectively in
women (p for trend <0.0001). Residents in mountainous
areas and the Penghu islands had a higher prevalence of
hyperuricemia and gout. (Table 2)

Trends in uric acid levels and prevalence of hyperu-
ricemia and gout

A decreasing trend was observed from NAHSIT 1993-
1996 to NAHSIT 2005-2008 in uric acid levels (6.77—
6.59 mg/dL in men, p<0.0001; 5.33—4.97 mg/dL in
women, p<0.0001) and in the prevalence of hyperurice-
mia (25.3%—21.6% in men, p<0.0001; 16.7%—9.6% in
women, p<0.0001). However, the prevalence of gout in-
creased between the two surveys (4.74%—8.21% in men;
2.19%—2.33% in women). (Table 3)

Dietary patterns associated with uric acid levels

Table 4 shows factor loadings for dietary pattern scores
associated with uric acid levels in men and women. Food
items with a factor loading of at least -0.2 or 0.2 were
selected as part of the dietary pattern associated with high

Table 1. Uric acid concentration, hyperuricemia and gout by age and gender in NAHSIT 2005-2008

Gender 19 - 44.9 yrs

45 - 64.9 yrs > 65

Uric acid (mg/dL) Men 6.73 (6.56 — 6.91)
Women 4.65 (4.53 -4.78)
p<0.0001

Hyperuricemiai (%) Men 22.1(22.1-22.2)

Women 4.26 (4.24 - 4.28)

p-value < 0.0001

Gout (%) Men 7.20 (7.18-7.22)
Women 1.02 (1.01-1.02)

p<0.0001

6.33(6.16- 6.51) 1
5.10 (4.98 - 5.24) +
p< 0.0001
18.8 (18.8 - 18.9)
9.13(9.09 - 9.16) +
p<0.0001
8.86 (8.82-8.89)
2.28 (2.26-2.30) +
p<0.0001

6.59 (6.40 - 6.77) T
5.98 (5.77- 6.18) +
p<0.0001
25.8 (25.7-25.9) %
33.6 (33.5-33.7) +
p< 0.0001
10.9 (10.9-11.0) %
8.12 (8.06-8.17)
p<0.0001

fTCompared to participants aged 19-49 years, p-value<0.05

tUric acid >7.7 mg/dL in men and > 6.6 mg/dL in women or using uric acid lowering drugs.

Parentheses indicate 95% confidence intervals.
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Table 2. Uric acid concentration, hyperuricemia and gout by geographical area and gender in NAHSIT 2005-2008

Gender Northern [ Northern 11 Middle Southern Eastern Hakka areas Mountainous areas  Peng-hu Islands
. 6.50 6.51 6.65 6.70 6.33 6.53 8.04 711
Uric acid (mg/dL) Men (6.26-6T73) (6.33-6T70) (6.44-6T85) (6.48-6.T93) (6.09-6?57) (6.30-6?75) (7.73-8.35) (6.86-7.37)
Wormen 4.77% 4.89+ 5.05% 5.161 4.98+ 5.09% 6.05 5.13
(4.59-4.95) (4.71-5.07) (4.86-5.24) (4.96-5.36) (4.77-5.19) (4.89-5.29) (5.77-6.33) (4.92-5.35)
. 23.8 18.4 20.6 21.6 21.1 20.2 532 36.6
Hyperuricemia (%) Men (23.8-2_;9) (18.2-1;4) (20.5-23.6) (21.5-2:6) (20.9-2?2) (20.1-23.3) (52.8-53.5) (36. 1-3;1)
Women 6.661 9.42% 12.5¢ 10.4% 9.71% 12.2+ 34.8 17.9%
(6.63-6.69) (9.37-9.47) (12.4-12.5) (10.4-10.5) (9.58-9.85) (12.1-12.2) (34.4-35.2) (17.4-18.3)
13.4 8.36 6.73 4.14 7.31 9.55 30.8 15.9
Gout (%) Men (13.4-1; 5) (8.31-2;41) (6.69-6T76) @.1 1-4T1 6) (7.20-7T41) (9.49-9T61) (30.5-31.1) (15.5-12.3)
Women 1.42+ 1.43+ 3.571 2.76+ 1.70+ 2.66% 4.80 4.83%
(1.40-1.43) (1.41-1.45) (3.55-3.60) (2.74-2.78) (1.65-1.76) (2.63-2.70) (4.64-4.97) (4.60-5.06)
tAge adjusted and compared to mountainous areas, p-value <0.05.
Table 3. Uric acid, hyperuricemia and gout in NAHSIT 1993-1996 and 2005-2008 Table 4. Factor loadings for the dietary items associated with uric acid
concentration
Gender 1993-1996 2005-2008 p-valuet
Uric acid (mg/dL) Men 6.77 (6.69-6.85) 6.59 (6.49-6.69) <0.001 Food item Men Women
Women 5.33 (5.26-5.40) 4.97 (4.88-5.06) <0.001 Factor loading Factor loading
p<0.001 p<0.001 Lean meat -0.2407 -0.176
Hyperuricemia (%) Men 25.3 (25.3-25.3) 21.6 (21.5-21.6) <0.001 Soy products -0.313f -0.2907
Women 16.7 (16.7-16.7) 9.57 (9.55-9.59) <0.001 Eggs -0.135 -0.3291
0<0.001 0<0.001 Vegetables -0.202% 0.064
Gout (%) Men 474 (4.72-4.75) 8.21(8.19-8.23) <0.001 Fermented foods 02961 -0.047
Women 2.19(2.17-2.20) 233 (2.32-2.34) <0.001 Other seafood -0.220% -0.2401
0<0.001 0<0.001 Seaweed -0.064 -0.3987
Organ meats 0.218+ -0.006
TAdjusted for age Carrots -0.3327 -0.2417
Mushrooms -0.189 -0.3097
Bamboo shoots 0.232} 0.208+
Dark vegetables 0.073 -0.248+
Soft drink 0.335+ 0.074
Coffee -0.378+% -0.294+

‘tabsolute factor loading >0.2
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uric acid levels.

In men, foods that provided factor loadings above the
cut-off (<-0.2 or >0.2) from highest to lowest were: cof-
fee (-0.378), carrots (-0.332), soy products (-0.313), lean
meat (-0.240), seafood/other than fish (-0.220), vegeta-
bles (-0.202), mushrooms (-0.189), eggs (-0.135), organ
meats (0.218), bamboo shoots (0.232), fermented foods
(0.296), and soft drinks (0.335).

In women, foods that provided factor loadings above
the cut-off (<-0.2 or >0.2) from highest to lowest were:
seaweed (-0.398), eggs (-0.329), mushrooms (-0.309),
coffee (-0.294), soy products (-0.290), dark colored vege-
tables (-0.248), carrots (-0.241), other seafood (-0.240),
and bamboo shoots (0.208).

Table 5 shows the weighted means of food intake fre-
quency by the four quartiles of uric acid level. There was
a linear association between uric acid concentration and
intake frequency of soy products, fermented foods, organ
meats, carrots, mushrooms, soft drinks and coffee in men,
and intake of soy products, eggs, seaweed, carrots, mush-
rooms, bamboo shoots, soft drinks and coffee in women.

Uric acid levels increased as the dietary pattern scores
increased. In men, mean uric acid concentrations were
6.45, 6.61, 6.86, and 7.08 mg/dL, respectively in the 1%,
2" 3" and 4™ quartiles of dietary pattern score (p for
trend <0.0001). A similar result was also noted in women
(uric acid levels of 5.19, 5.27, 5.41, and 5.73 mg/dL, re-
spectively for each quartile; p for trend <0.0001). After
adjusting for age, sex and alcohol consumption, the odds
ratio for hyperuricemia was 1.18 (95% confidence inter-
val =0.91-1.52) for the 2™ quartile of dietary score, 1.50
(1.18-1.91) for the 3™ quartile and 1.92 (1.53-2.42) for 4™
quartile of dietary pattern score, compared to the refer-
ence group (1* quartile). We also found that the dietary
pattern score decreased from -5.40 (NAHSIT 1993-1996)
to -6.0 (NAHSIT 2005-2008) between the two surveys
(p<0.0001). This difference remained statistically signifi-
cant even after controlling for body mass index and alco-
hol consumption.

DISCUSSION

Significant decreasing trends in both uric acid levels and
the prevalence of hyperuricemia were observed between
NAHSIT 1993-1996 and NAHSIT 2005-2008. However,
the prevalence of gout increased over the same period.
The dietary pattern associated with lower uric acid levels
included frequent intake of vegetables, eggs, lean meat,
soy products, seaweed, and coffee, and less intake of
bamboo shoots, organ meats and soft drinks. The decline
in uric acid levels between the two surveys may be in part
explained by changes in dietary patterns over the same
period.

The NAHSIT 1993-1996 revealed that residents in
mountainous areas and the Penghu islands had a higher
prevalence of hyperuricemia,” and a similar finding was
observed in the most recent survey (2005-2008). Taiwan-
ese indigenous people are more likely to live in moun-
tainous areas and therefore the higher prevalence of hype-
ruricemia in this region could be influenced either by ge-
netic or environmental factors in this population. A previ-
ous study has found that genetic variation may partly ex-
plain the high prevalence of hyperuricemia among Tai-

wanese aborigines.'> Indigenous people in Taiwan also
have a higher prevalence of alcohol consumption and the
lactic acid generated during alcohol metabolism can sup-
press renal excretion of uric acid. Residents of the Penghu
islands are mostly fishermen and may frequently consume
seafood, which could explain the higher uric acid levels
observed in this area.

It is well recognized that foods rich in purine, such as
organ meats, mushrooms, bamboo shoots and soybean,
increase uric acid levels. However, our study revealed a
negative association between frequency of soybean intake
and uric acid. A previous clinical trial found that intake of
tofu did not result in an increased concentration of uric
acid,” even in gouty patients with uric acid levels of
more than 6.0 mg/dL. Moreover, soy protein can be more
effective in lowering uric acid than casein.'* A population
based study has also revealed a negative association be-
tween milk intake and uric acid.’ In the present study,
seaweed intake was negatively associated and bamboo
shoots were positively associated with uric acid levels. To
date no studies have reported an association between
bamboo shoots and uric acid. However, an intervention
study in healthy young women found that bamboo shoots
as a dietary fiber source has beneficial effects on lipid
profile and bowel function.'”” Bamboo shoots are fre-
quently prepared with high-fat meats or oily foods in
Taiwan and this could explain the positive association
between intake of bamboo shoots and uric acid. We also
found a negative association between mushrooms and
uric acid. An animal experiment found that rabbits con-
suming cholesterol-enriched foodstuffs along with mush-
rooms had lower levels of uric acid than those who con-
sumed cholesterol-enriched foodstuffs only.'® Further
research is required to establish the efficacy of mush-
rooms in lowering uric acid.

Uric acid is associated with insulin resistance, the me-
tabolic syndrome, and obesity. Hyperinsulinemia may
decrease excretion of serum uric acid and studies have
shown that weight loss can be accompanied by a decrease
in uric acid levels.'"® Soy products may promote weight
loss as they are rich in plant-based calcium. A prospective
randomized controlled trial showed that soy milk was as
effective as skim milk in promoting weight loss."’

The association between coffee consumption and uric
acid has not been well established. Our study found that
coffee consumption was negatively associated with uric
acid levels (p<0.05). A cross-sectional study > in Japa-
nese men revealed that coffee consumption was inversely
associated with uric acid level, but no association was
found between green tea consumption and uric acid,
which suggests that the lower levels of uric acid associ-
ated with coffee intake may not solely due to caffeine.
Further, the third National Health and Nutrition Examina-
tion Survey >' showed a modest inverse association be-
tween de-caffeinated coffee intake and serum uric acid
level (p for trend 0.035) which suggests that other com-
ponents in coffee may be related to low uric acid levels. It
is possible that the xanthines contained in coffee may
decrease uric acid levels, as allopurinol is a structural
isomer of hypoxanthine that inhibits xanthine oxidase.””

The positive association between consumption of soft
drinks and uric acid levels in this study is consistent with
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Table 5. Weighted mean intake frequencies (per week) of foods by quartile of uric acid concentration in men and women

Uric acid Uric acid
Q1 Q2 Q3 Q4 p for trendf Q1 Q2 Q3 Q4 p for trend ¥

Men Women
Lean Meat 3.63+0.17 3.72+0.18 3.82+0.21 3.53+0.16 0.664 3.24+0.18 3.25+0.17 3.54+0.18 3.22+0.14 0.465
Soy products 1.68+0.10 1.48+0.10 1.32+0.08 1.30+0.08 0.001 1.54+0.11 1.51£0.09 1.37+0.10 1.21+0.07 0.002
Eggs 3.26+0.13 3.19+0.13 3.05+0.13 3.08+0.11 0.079 3.08+0.14 2.78+0.10 2.79+0.12 2.40+0.09 0.020
Vegetables 15.3+£0.34 16.0+0.32 15.5+0.35 15.2+0.28 0.584 14.9+0.34 16.2+£0.29 15.8+0.31 15.8+0.26 0.281
Fermented foods 0.57+0.06 0.49+0.05 0.78+0.11 0.73+0.07 0.012 0.68+0.09 0.51£0.06 0.50+0.06 0.60+0.05 0.295
Other seafood 0.58+0.05 0.60+0.05 0.65+0.06 0.55+0.03 0.386 0.57+0.05 0.57+0.06 0.47+0.05 0.44+0.03 0.409
Seaweed 0.70+0.04 0.64+0.04 0.75+0.06 0.66+0.06 0.632 0.79+0.06 0.67+0.05 0.62+0.05 0.48+0.03 0.001
Organ meats 0.19+0.02 0.22+0.02 0.23+0.03 0.31+0.05 0.046 0.18+0.02 0.16+0.02 0.20+0.02 0.17+0.02 0.065
Carrots 1.67+0.11 1.51+0.11 1.57+0.11 1.27+0.08 0.004 1.94+0.13 1.83+0.11 1.61+0.12 1.49+0.09 0.009
Mushrooms 1.09+0.08 1.07+0.08 1.00+0.07 0.91+0.06 0.017 1.20+0.09 1.09+0.06 1.03+£0.08 0.82+0.06 0.002
Baboon shoots 0.94+0.09 1.19+0.11 1.07+0.08 1.17+0.10 0.202 0.90+0.10 0.91£0.07 0.83+0.07 1.14+£0.09 0.007
Dark vegetables 6.59+0.25 6.95+0.26 7.31+0.29 6.70+0.24 0.940 7.52+0.28 7.35+0.25 7.24+0.27 7.10+£0.22 0.879
Soft drink 0.69+0.09 0.83+0.10 0.90+0.12 1.12+0.10 0.013 0.39+0.07 0.48+0.06 0.54+0.08 0.44+0.04 0.046
Coffee 0.68+0.09 0.65+0.10 0.54+0.07 0.42+0.05 0.002 0.62+0.09 0.67+0.09 0.61+0.08 0.31+0.04 0.002

tAdjusted for age
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other studies.”** The Third National Health and Nutrition
Examination Survey found an association between serum
uric acid levels and sugar-sweetened soft-drink consump-

tion,” independent of other risk factors for hyperuricemia.

Soft-drinks contain large amounts of fructose, which in-
crease uric acid levels.”> Moreover, frequent soft-drink
consumption leads to increased levels of glucose and ac-
companying hyperinsulinemia, leading to suppression of
uric acid excretion **** and increased risk of the meta-
bolic syndrome.” Therefore, frequent consumption of
soft drinks should be considered as a risk factor for hype-
ruricemia.

Research has demonstrated that animal protein intake
can increase uric acid levels and the risk of gout. How-
ever, frequent intake of lean meat and seafood was nega-
tively associated with uric acid in our study. It is not clear
whether lean meat and seafood stand for less consump-
tion of high fat meat or this unusual observation is due to
the cross-sectional design of our study. Individuals with
hyperuricemia may have changed their diet to avoid in-
take of seafood and meat, leading to the unexpected in-
verse association observed between uric acid and intake
of these foods in our study.

Increased gout prevalence

Gout was defined based on self-report disease history.
This method could have over-estimated the prevalence of
gout as participants might wrongly consider any kind of
joint pain as gout. Accumulation of uric acid or high uric
acid levels are not the only cause of gout. Alcohol con-
sumption and central obesity are also gout risk factors.*
Among those with asymptomatic hyperuricemia; in-
creased uric acid level, persistent alcohol consumption,
use of diuretics, and increased body mass index are inde-
pendent predictors of gout.”’ Excessive alcohol consump-
tion, particularly if occasional, is one of the most impor-
tant risk factors for gout.' A Chinese study also found
that the metabolic syndrome was associated with attacks
of gout.” In addition, as the prevalence of the metabolic
syndrome has increased between the last two national
surveys > in Taiwan, the control of central obesity and
the metabolic syndrome are important issues for prevent-
ing gout attacks in addition to lowering uric acid levels.

Strengths and limitations

The present study has several strengths and limitations.
First, the sample was taken from two representative na-
tional surveys, allowing the study results to be general-
ized to the national population. Second, the two national
surveys that were used to examine changes in uric acid
levels and the prevalence of hyperuricemia used the same
diagnostic definitions. Third, RRR was used to identify

the dietary pattern associated with uric acid concentration.

Moreover, we were able to observe that the dietary pat-
tern score declined between the two surveys, suggesting
that the observed decrease in uric acid may be due to
changes in dietary patterns. A weakness of this study was
that the association between uric acid and dietary pattern
was only cross-sectional, and prospective studies are re-
quired to examine this relationship further.

CONCLUSION

Uric acid levels and the prevalence of hyperuricemia de-
clined in both men and women between NAHSIT 1993-
1996 and NAHSIT 2005-2008. The lowering of uric acid
between the two national surveys is possibly in part due
to changes in dietary patterns. Further prospective re-
search is needed to examine whether frequent intake of
foods associated with uric acid lead to changes in uric
acid levels.
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