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Dietary and Lifestyle Changes Associated with High
Prevalence of Hyperuricemia and Gout in the
Shandong Coastal Cities of Eastern China
ZHIMIN MIAO, CHANGGUI LI, YING CHEN, SHIHUA ZHAO, YANGANGWANG, ZHONGCHAOWANG,
XINYAN CHEN, FENG XU, FANGWANG, RUIXIA SUN, JIANXIA HU, WEI SONG, SHENGLI YAN,
and CONG-YI WANG

ABSTRACT. Objective. To demonstrate the prevalence of hyperuricemia and gout associated with dietary and
lifestyle changes and evaluate the implication of metabolic disorders to the development of hyper-
uricemia.
Methods. Data collected from 5,003 subjects randomly recruited from 5 coastal cities (Qingdao,
Rizhao, Yantai, Weihai, and Dongying) of Shandong province in Eastern China were analyzed.
Results. Overall, the prevalence for hyperuricemia and gout in the studied populations was 13.19%
and 1.14%, respectively. The prevalence was significantly higher in men as compared to women
(18.32% vs 8.56% for hyperuricemia, 1.94% vs 0.42% for gout). Hyperuricemia was more common
in men over age 30 and in women over age 50. A significant steady increase for the prevalence was
noted as compared to the previous published data. Urban residents showed much higher prevalence
of hyperuricemia as compared to rural residents (14.9% vs 10.1%, p = 0.004). Similarly, higher
prevalence was noted in the developed city compared to the less developed city (18.02 vs 5.3%).
These discrepancies were highly correlated with economic development as manifested by the
increase of daily consumption of meat and seafood. Additionally, alcohol, overweight or obesity,
hypertension, and abnormal triglycerides were highly associated with higher prevalence of hyper-
uricemia. Moreover, hyperuricemia is likely a risk factor for the development of diabetes mellitus.
Conclusion. There was a remarkable increase for the prevalence of hyperuricemia and gout, which
is highly correlated with the development of the economy as manifested by dietary and lifestyle
changes. (First Release July 15 2008; J Rheumatol 2008;35:1859–64)
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Gout is a metabolic disorder that has been known since
ancient times1,2. Although the exact etiology of gout is yet
to be fully understood, it has been strongly associated with
hyperuricemia. Recent studies further suggest that it is also

associated with obesity, dyslipidemia, hyperglycemia, and
hypertension3-9. Gout is considered to be caused by excess
storage of uric acid (UA) that accumulates in tissues, includ-
ing the synovium. Therefore, it is believed that the forma-
tion and reversible deposition of monosodium urate (MSU)
crystals in the joints and extraarticular tissues are the essen-
tial prerequisite for its pathogenesis.
Gout is one of the most common inflammatory arthri-

tides in Western countries10. However, gout was once con-
sidered a very rare disease in mainland China. It has recent-
ly been found more and more commonly, and is now becom-
ing a serious threat to the health of the general population in
China11-15. Moreover, there is a significant lack of informa-
tion about dietary and lifestyle changes associated to the
prevalence of hyperuricemia and gout in the general popula-
tion. We studied the prevalence of hyperuricemia and gout
associated with dietary and lifestyle changes such as
increased meat and seafood intake and alcohol consumption.
The impact of metabolic disorders on the prevalence of
hyperuricemia was also investigated. Subjects randomly
recruited from 5 coastal cities in Shandong province of
Eastern China were included in our study.
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MATERIALS AND METHODS
Study area and population.A random, stratified cluster sampling approach
was used for our study. All subjects were recruited from coastal cities
including Qingdao, Rizhao, Yantai, Weihai, and Dongying, which flank
3,000 km of coastline of Shandong province in Eastern China. We ran-
domly recruited 1,100 subjects from 5 sampling places of each city with an
average of 220 subjects from each sampling place using a stratified sam-
pling design. In brief, all sampling places with each representing a district
or a county were randomly drawn from all the districts and counties in that
city. Subdivisions within the selected districts or villages within the select-
ed counties in a particular city were further randomly drawn from all the
subdivisions or villages to serve as clusters for the survey. Once the subdi-
visions or villages had been selected, families within each selected location
were then selected by odd or even family registration numbers in the police
station. Physicians and nurses subsequently approached and obtained con-
sent from the selected families. Only those subjects aged 20–80 years and
who lived in the same place for more than 5 years were selected for the
study. Those subjects without hyperuricemia or gout served as controls for
analysis of the prevalence in the general population. The only 2 subjects
using diuretics at the time of the survey were excluded from the study. The
study was approved by the Human Assurance Committee of Medical
School of Qingdao University and informed consent was obtained from all
subjects.

Sampling approach. A total of 18 physicians and 18 nurses participated in
the sampling process, which lasted from May to October 2004. During
home interview and on site sampling, a questionnaire was processed by the
attending physicians or nurses. The questionnaire included demographic
data, household income, average daily consumption of meat, fish, shrimp,
shellfish, and alcohol, as well as personal and family history of diabetes and
hyperuricemia/gout. The information was further confirmed at the second
visit. The average daily consumption of food was measured with a 7-day
dietary record from each participant. We assessed validity of self-reported
food consumption by comparing family-based estimates provided by the
housewives. Fasting blood was also collected for UA testing during the first
visit, and was reexamined at the second visit in those subjects with abnor-
mal UA levels. At the end of the second visit an educational lecture was
provided that focused on the prevention and treatment of hyperuricemia and
gout. All participants were encouraged to finish the survey.

In addition to the above information included in the questionnaire,
examination was performed by the attending physicians. This examination
included health history, body weight, height, blood pressure, and body mass
index [BMI, calculated by body weight (kg)/body height (m2)].

Experimental procedures. All the participants fasted for 8–14 h before the
blood and urine collections. Fasting serum UA, blood urea nitrogen (BUN),
serum creatinine, TG, total cholesterol (TC), low density lipoprotein-cho-
lesterol (LDL-C), and high density lipoprotein-cholesterol (HDL-C) were
determined using the Sysmex Chemix-180 automatic biochemical analysis
device (Sysmex Infosystems, Kobe, Japan). The fasting blood glucose
levels were determined by the OneTouch Ultra blood sugar device
(LifeScan, Inc. Milpitas, CA, USA). Individuals with blood sugar > 5.0
mmol/l were instructed to drink 75 g glucose (dissolved in 300 ml water)
within 3 min, and blood glucose was determined 2 h later. Blood insulin
level was determined by Elecsys 2010 device (Hitachi Ltd., Tokyo, Japan).

Diagnostic standards. Clinical diagnosis for gout was carried out under the
guidelines of the American College of Rheumatology (ACR) as originally
proposed by Wallace and coworkers16. Male subjects and postmenopausal
female subjects with serum UA > 416 µmol/l or premenopausal female sub-
jects with > 356 µmol/l were diagnosed with hyperuricemia. Hypertension
was diagnosed based on the definition and classification suggested by the
World Health Organization (WHO) International Society of Hyper-
tension17. Participants with systolic blood pressure (SBP) ≥ 140 mm Hg
and/or diastolic blood pressure ≥ 90 mm Hg were defined as hypertensive.
Diabetes mellitus was diagnosed according to the guidelines of the
American Diabetes Association (ADA). Participants with TG > 1.7 mmol/l,

TC > 5.17 mmol/l and HDL-C < 0.9 mmol/l were diagnosed with lipid
metabolic disorder. Obesity was diagnosed using the WHO standard. Age-
and sex-matched controls were selected from subjects without hyper-
uricemia, gout, lipid and sugar metabolic disorders, hypertension, heart dis-
ease, liver disease, and renal disease.

Statistical analysis.All of the data were recorded using the Microsoft Excel
program. To ensure accuracy, the data were further checked by several
investigators. All laboratory tests were carried out 3 times and presented as
mean ± standard deviation (SD). All statistical analyses were carried out
using the SPSS 10.0 software (Shanghai, China). The prevalence, expressed
as percentages, was compared using chi-square tests of homogeneity.
Linear trends were tested for significance by using the median value for the
intake and treating this value as a continuous variable. Logistic regression
model was used to correlate age, sex, BMI, hypertension (yes/no), diabetes
(yes/no), intake of alcohol (ml/day), carbohydrates (g/day), meat (g/day),
fish (g/day), shrimp (g/day), and shellfish (g/day) to evaluate associations
between dietary variables and serum UA. To test the correlations of obesi-
ty, diabetes, hypertension, and hyperlipidemia with serum UA, we includ-
ed multiplicative terms in the linear regression models with adjustment for
other potential confounders. Odds ratio (OR) was used to evaluate the risk
for the development of hyperuricemia or gout associated with sex, age,
meat and seafood intake, and alcohol consumption using the logistic regres-
sion model. All other data were analyzed by one-way analysis of variance
test. For all measures, we calculated 95% confidence intervals (CI). p <
0.05 was considered to be statistically significant.

RESULTS
The prevalence of hyperuricemia and gout.We approached
5,500 subjects in 5 coastal cities of Shandong province in
Eastern China, only 5,003 (2,395 men and 2608 women) of
whom participated in this investigation. Overall, the preva-
lence for hyperuricemia in Qingdao, Rizhao,Yantai, Weihai,
and Dongying was 16.23%, 15.15%, 18.02%, 10.24%, and
5.30%, respectively. As shown in Table 1, 660 subjects were
diagnosed with hyperuricemia indicating a prevalence of
13.19% in the general population. Of these, 435 (66%) were
male and 225 (34%) were female. The prevalence of hyper-
uricemia in men was significantly higher than in women in
the general population (18.32% vs 8.56%, OR = 2.5, 95% CI
2.10–2.89, p < 0.01), and the average age for the onset of
hyperuricemia in men was also much younger than in
women (44.6 ± 13.7 vs 52.2 ± 14.2 yrs). After sex stratifica-
tion, it was shown that the prevalence of hyperuricemia
became much higher with age. For example, the prevalence
increased significantly in men after age 30 (OR = 2.0, 95%
CI 1.32–1.55, p < 0.01) and women after age 50 (OR = 5.2,
95% CI 2.32–3.75, p < 0.001).
Fifty-seven subjects were diagnosed with gout according

to the ACR guidelines, and none of them was taking urate-
lowering drugs at the time of investigation. The prevalence
of gout in Qingdao, Rizhao, Yantai, Weihai, and Dongying
was 0.53%, 0.97%, 2.55%, 0.80% and 0.50%, respectively.
By combining the data from all these cities, the prevalence
of gout was 1.14% in the general population with a signifi-
cantly higher prevalence in men than women (1.94% vs
0.42%, OR = 5.3, 95% CI 2.92–9.56, p < 0.001). Of note, all
gout patients showed hyperuricemia, except for several
patients whose serum UA levels were normal during an
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acute attack, probably because of the stimulatory effect of
the acute phase response on renal urate excretion. These
data further suggest that hyperuricemia is a pivotal causative
factor for the development of gout, and therefore, develop-
ment of gout became more prevalent with age in both men
and women. The highest prevalence for gout was observed
in men between the ages of 50–60 years, while in women it
was above age 70 (Table 1). In particular, gout was absent in
all premenopausal women. It is notable that 13 out of 57
gouty patients showed family history of hyperuricemia and
gout including the 2 gouty patients diagnosed at age 24 and
28, respectively. Of note, the prevalence of gout in
Dongying (0.5%) was relatively high compared to its low

prevalence for hyperuricemia (5.3%): this was caused by the
identification of 3 cases within a family with strong genetic
inheritance. All these observations demonstrate that genetic
predisposition plays a pivotal role in the pathogenesis of
hyperuricemia and gout.

Metabolic disorders and the prevalence of hyperuricemia/
gout.We next analyzed the differences of biomedical index-
es between the hyperuricemic/gouty and control subjects.
The control subjects (1,729 in total) were selected from all
participants without evidence for hyperuricemia/gout,
hypertension, lipid and sugar metabolic disorders, heart dis-
ease, liver disease, and renal disease. As can be seen in Table
2, in general, hyperuricemic and gouty patients showed
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Table 1. Age and sex distribution for the prevalence of hyperuricemia and gout.

Male Subjects Female Subjects
Hyperuricemia Gout Hyperuricemia Gout

Age, yrs n No. Prev. Std. Rate No. Prev. Std. Rate n No. Prev. Std. Rate No. Prev. Std. Rate

20–29 457 45 9.85 11.52 2 0.44 0.79 329 8 2.43 5.74 0 0 0
30–39 617 120 19.02 16.10 9 1.46 1.30 684 21 3.07 7.27 0 0 0
40–49 631 122 19.77 16.48 13 2.06 1.60 645 38 5.89 9.54 2 0.31 0.17
50–59 348 68 19.54 16.28 13 3.73 2.40 620 75 12.10 12.64 4 0.65 0.33
60–69 245 53 21.63 17.41 6 2.45 1.79 243 54 22.22 17.71 3 1.23 0.63
70+ 97 27 27.84 20.51 3 3.09 2.12 87 29 33.33 22.46 2 2.30 1.06

No.: number of patients; Prev: Prevalence; Std. Rate: Standardized rate. The prevalence was adjusted by the total populations in Shandong province surveyed
in 2000.

Table 2. Demographic, clinical and laboratory characteristics of the study population.

Groups HUA (n = 660) Gout (n = 57) Normal (n = 1729) p

Age, mean ± SD 47.3 ± 14.3 49.3 ± 12.1 46.7 ± 12.8 NS
Sex, female n (%) 225 (34)* 11 (19.3)* 931 (53.8) < 0.01
BMI, kg/m2 25.8 ± 3.5* 26.1 ± 3.00* 20.5 ± 1.6 < 0.01
WHR 0.90 ± 0.07* 0.92 ± 0.06* 0.81 ± 0.06 < 0.01
SBP, mm Hg 134 ± 24* 134 ± 19* 114 ± 11 < 0.01
DBP, mm Hg 86.0 ± 13 51.0 ± 12 75.0 ± 7 NS
BUN, mmol/l 5.51 ± 1.66 5.66 ± 1.74 4.94 ± 1.11 NS
Cr, mmol/l 62.0 ± 19 63.0 ± 21 50.0 ± 11 NS
TG, mmol/l 1.86 ± 1.80* 2.98 ± 7.96* 0.71 ± 0.30 < 0.001
TC, mmol/l 4.91 ± 1.08 4.77 ± 0.96 3.94 ± 0.66 NS
UA, µmol/l 481 ± 113* 446 ± 58* 259 ± 64 < 0.001
LDL-C, mmol/l 2.95 ± 0.94 2.30 ± 0.64 2.30 ± 0.58 NS
HDL-C, mmol/l 1.11 ± 0.31 1.12 ± 0.44 1.30 ± 0.26 NS
Daily food consumption
Carbohydrates, g/day 398.6 ± 164.2 394.7 ± 147.2 391.54 ± 156.9 NS
Meat, g/day 52.90 ± 23.4 57.10 ± 55.1 42.50 ± 42.6 < 0.04
Fish, g/day 63.40 ± 35.1* 79.80 ± 55.7* 43.50 ± 69.0 < 0.001
Shrimp, g/day 15.10 ± 33.4 17.20 ± 33.7 11.50 ± 29.2 NS
Shellfish, g/day 37.80 ± 85.6* 58.70 ± 47.9* 21.50 ± 40.0 < 0.001
Wine, ml/day 194.0 ± 147 204.0 ± 103 147.0 ± 108 NS
Beer, ml/day 843.0 ± 956 750.0 ± 830 460.0 ± 560 NS

* Significant difference vs control subjects. HUA: hyperuricemia; Normal: control subjects without hyper-
uricemia, gout, hypertension, lipid and sugar metabolic disorders, heart disease, liver disease and renal disease;
BMI: body mass index; WHR: waist to hip ratio; SBP: systolic blood pressure (1 mm Hg = 0.133 kPa); DBP:
diastolic blood pressure; BUN: blood urea nitrogen; Cr: serum creatinine; TG: triglycerides; TC: total choles-
terol; UA: uric acid; LDL-C: low density lipoprotein-cholesterol; HDL-C: High density lipoprotein-cholesterol;
NS: not significant.
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almost 2-fold higher UA than that of control subjects (p <
0.001). It was found that 58.6% of the hyperuricemic sub-
jects were overweight or obese, while only 18.2% of the
normal subjects showed overweight or obesity (OR = 2.53,
95% CI 2.14–2.98, p < 0.001). As expected, the average
BMI and waist to hip ratio (WHR) for all hyperuricemic
subjects were significantly higher than that of the control
subjects (OR = 1.290, 95% CI 1.062–1.119 for BMI, OR =
1.273, 95% CI 1.058–1.088 for WHR, p < 0.01), suggesting
that obesity is probably a risk factor for the development of
hyperuricemia and gout. Similarly, hypertension is probably
another independent risk factor for the disorder. Forty-five
percent of the hyperuricemic subjects were diagnosed with
hypertension, and the average SBP for all hyperuricemic
subjects was marginal to be hypertensive. In contrast, only
26% of the control subjects were hypertensive (OR = 1.38,
95% CI 1.01–1.62, p < 0.001). It was also found that hype-
ruricemia and gout were positively associated with serum
TG levels. In 53% of the hyperuricemic subjects, abnormal
TG levels were noted, and the average TG levels for all
hyperuricemic subjects were out of normal range. In con-
trast, only 23% of the control subjects were noted with
abnormal TG levels (OR = 2.63, 95% CI 2.21–3.14, p <
0.001). Interestingly, although we observed higher levels of
TC/LDL-C or lower levels of HDL-C in the hyper-
uricemic/gouty subjects compared to that of the control sub-
jects, all of these biomedical indexes were within the normal
range. Unexpectedly, all hyperuricemic/gouty subjects
showed normal BUN and serum creatinine.

Dietary and lifestyle changes and the prevalence of hyper-
uricemia/gout. In general, the prevalence of hyperuricemia
and gout is highly associated with meat and seafood con-
sumption (Table 2). We also observed a strong correlation
between the prevalence of hyperuricemia and dietary/
lifestyle changes corresponding to economic development.
We first noticed that urban residents had much higher preva-
lence of hyperuricemia than rural residents (14.9% vs
10.1%, p < 0.01). To determine whether dietary factors are
responsible for this discrepancy, we investigated dietary dif-
ferences between the 2 groups of subjects shown in Table 3.
It was found that urban residents consume much more meat,
fish, and shrimp daily compared to rural residents. On the
other hand, rural residents consume more carbohydrates

than the urban residents. Similar phenomena were observed
between the urban residents with household income differ-
ences. For example, the economically developed and
seafood-rich city of Yantai, where daily consumption of
meat, fish, shrimp, and shellfish for the residents was the
highest among the cities, we found the highest prevalence
for hyperuricemia (18.8%) and gout (2.55%). By contrast,
the less developed city of Dongying, where the average
daily consumption of meat and seafood was the lowest com-
pared to other cities, we found a significantly lower preva-
lence for hyperuricemia (5.4%) and gout (0.5%) (Table 3).
Next, 670 sex- and age-matched controls were selected to
further confirm this observation. As shown in Table 4, hype-
ruricemic patients showed significantly higher daily con-
sumption of meat (OR = 1.26, 95% CI 1.10–1.33, p < 0.05),
fish (OR = 1.28, 95% CI 1.16–1.19, p < 0.01), and shellfish
(OR = 1.34, 95% CI 1.20–1.27, p < 0.01), but lower carbo-
hydrates compared to control subjects. Altogether, with eco-
nomic development, there were significant dietary and
lifestyle changes in residents in this area, characterized by
the increased consumption of meat and seafood, which
could then predispose to development of hyperuricemia.

Alcohol consumption and the prevalence for hyperuricemia.
Although we observed higher consumption of alcohol in the
hyperuricemic/gouty subjects compared to the control sub-
jects in the studied population (Tables 2 and 3), this finding
was not statistically significant because of variations
between the studied subjects. After stratification for sex and
age differences (Table 4), it was found that the average daily
consumption of alcohol for the hyperuricemic patients was
significantly higher than that of the control subjects (OR =
1.23, 95% CI 1.11–1.15, p < 0.01). We then selected 949
subjects recruited from Qingdao city to further confirm the
observation, as those subjects did not show significant dif-
ferences in dietary consumption. Among these, 183 were
alcohol consumers, while the remaining 766 subjects were
non-alcohol consumers. Consistently, the prevalence of
hyperuricemia in alcohol consumers (53 out of 183, 29%)
was more than 2-fold higher than that of non-alcohol con-
sumers (105 out of 766, 13.7%, OR = 2.6, 95% CI
1.75–3.75, p < 0.001), indicating the importance of alcohol
consumption in the development of hyperuricemia.
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Table 3. Comparison of daily food consumption between residents in different living locations.

Group n HUA Carbohydrates, Meat, Fish, Shrimp, Shellfish, Wine, Beer,
Prevalence, % g/day g/day g/day g/day g/day ml/day ml/day

City vs countryside
City residents 2480 14.19% 394 ± 165 49 ± 113 42 ± 60 12.27 ± 25.03 22 ± 42 151 ± 122 662 ± 924
Countryside residents 2523 10.1%* 414 ± 170* 40 ± 72* 50 ± 102* 9.06 ± 27.43* 23 ± 58 759 ± 824 653 ± 650

Developed vs less developed
Yantai residents 1060 18.8% 380 ± 160 45 ± 49 37 ± 94 7.74 ± 18.07 23 ± 48 159 ± 132 749 ± 885
Dongying residents 1000 5.4% 455 ± 191* 32 ± 36* 17 ± 21* 4.95 ± 11.09* 8 ± 15* 162 ± 123 1069 ± 733

* p < 0.01 for the comparison between the 2 groups of subjects (city residents vs countryside residents or residents in Yantai vs residents in Dongying).
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Hyperuricemia and the development of glucose metabolic
disorder. In our investigation of the impact of hyperuricemia
on the development of glucose metabolic disorder, based on
fasting blood glucose (FBG) and postprandial blood glucose
(PBG) levels as well as insulin levels for all participants,
diabetes was diagnosed based on the ADA guidelines after
repetitive FBG and PBG tests. Out of the 5,003 participants,
419 subjects were diagnosed with diabetes mellitus, with a
prevalence of 8.4% in the studied population. However,
hyperuricemic subjects showed a higher prevalence (10.8%)
for diabetes. We then analyzed diabetes prevalence in men
and women (Table 5). Consistently, diabetes prevalence in
the female hyperuricemic subjects (16.4%) was about 2-fold
higher than that of the control subjects (8.4%, OR = 2.15,
95% CI 1.47–3.14, p < 0.001). To our surprise, we failed to
observe a significant difference for the diabetes prevalence
between the male hyperuricemic subjects (7.8%) and their
corresponding controls (8.3%). Overall, our results suggest
that hyperuricemia is probably a risk factor for the develop-
ment of diabetes mellitus in women.

DISCUSSION
In the early 1980s, gout was absent in all populations stud-
ied in China18. For the past 2 decades, there was a remark-
able steady increase in the prevalence of gout in
China15,19,20. Our current data indicate that the prevalence
of hyperuricemia (13.19%) and gout (1.14%) in the studied
population of coastal cities of Eastern China has actually
reached similar levels to Western countries. Although the
significant increase for gout prevalence is probably also
associated with increased awareness of this disorder, it is
particularly alarming for the health of the general popula-
tion, especially for the rapidly increasing numbers of senior
citizens because of enhanced average life expectancy. We
further noted that early onset of gout is usually accompanied

by family history, indicating a role for genetic factors in dis-
ease development.
With economic development in China, significant dietary

and lifestyle changes have resulted for all citizens. These
changes are strongly associated with increased prevalence of
hyperuricemia and gout. For example, urban residents con-
sume much more meat, fish, and shrimp compared to rural
residents and, as a result, the prevalence of hyperuricemia
was significantly higher in the urban residents versus rural
residents (Table 3). In contrast, in the developed cities such
as Qingdao, there was no significant difference in the con-
sumption of daily foods, and consequently, the prevalence of
hyperuricemia was almost the same between urban and rural
residents (data not shown). Of note, the establishment of this
correlation is based on a 7-day dietary record, and therefore,
a longitudinal dietary survey would be more accurate to
demonstrate the relationship between dietary changes and
the development of hyperuricemia.
The implication of alcohol intake in the development of

gout has long been suspected3. Choi and coworkers con-
vincingly demonstrated that alcohol consumption, especial-
ly consumption of purine-rich alcoholic beverages such as
beer, significantly increases the risk for the development of
hyperuricemia or gout21. Our data further show that con-
sumption of beer is a high risk factor for hyperuricemia
(Table 4). However, unlike previous data for the effect of
moderate wine consumption (1–2 glasses/day) on the risk of
hyperuricemia21, our data suggest that consumption of wine
is also a risk factor for hyperuricemia. This discrepancy was
probably caused by excessive consumption of wine (> 2
glasses/day) in many of the subjects or combination of con-
sumption of wine and liquor in some subjects. Surprisingly,
all hyperuricemic subjects showed normal renal function;
further investigation would be necessary to address this
issue.
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Table 4. Comparison of daily food consumption between the hyperuricemic subjects and age- and sex-matched controls.

Group n Carbohydrates, Meat, Fish, Shrimp, Shellfish, Wine, Beer,
g/day g/day g/day g/day g/day ml/day ml/day

Control 670 423 ± 199 43 ± 53 42 ± 68 10.93 ± 24.05 20.29 ± 36.29 150 ± 119 552 ± 628
HUA 660 398 ± 164* 53 ± 23* 63 ± 35** 15.06 ± 33.47 37.78 ± 85.57** 194 ± 147** 843 ± 956**

* p < 0.05 for the comparison between the 2 groups of subjects. ** p < 0.01 for the comparison between the 2 groups of subjects. HUA: hyperuricemic sub-
jects.

Table 5. Comparison of the prevalence of diabetes mellitus between the hyperuricemic subjects and the control
subjects.

Group Male Subjects Female Subjects
n Patients Incidence n Patients Incidence

Controls 2395 200 8.3% 2608 219 8.4%
HUA 435 34 7.8% 225 37 16.4%*

* p < 0.001 vs control subjects. HUA: hyperuricemia.
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Obesity and metabolic syndrome have been suggested to
contribute to the increasing prevalence of gout4,6,7,9,22.
China was once considered to have one of the leanest popu-
lations, but it is fast catching up to the West in terms of the
prevalence of overweight and obesity23. We found that
58.6% of the hyperuricemic subjects were overweight or
obese. Particularly, the average BMI (25.8 ± 3.5 kg/m2) and
WHR (0.9 ± 0.07) for all hyperuricemic subjects were with-
in the overweight range. In addition to those diagnosed with
overweight or obesity, a large proportion of the hyper-
uricemic subjects were close to borderline overweight. We
also found that hypertension and TG are associated with
increased serum urate concentration. Forty-five percent of
the hyperuricemic subjects were hypertensive, versus only
26% of the control subjects. Similarly, the average levels for
TG in the hyperuricemic and gouty subjects were out of nor-
mal range as compared to that of control subjects (Table 2).
Hyperuricemia is one of the symptoms of hyperinsulin-

ism, and the level of uricemia correlates with the degree of
insulin resistance5,24. To our surprise, we only observed a
significant higher prevalence for diabetes in the women with
hyperuricemia (Table 5). The factors that contribute to this
discrepancy are currently unknown. The differences of
lifestyle, physical activities, environmental exposures, over-
weight or obesity, and especially the age of onset of hyper-
uricemia between the male and female subjects are possible
causative factors.
We have demonstrated the prevalence of hyperuricemia

and gout in the coastal cities of Shandong province in
Eastern China. A significant steady increase for the preva-
lence of hyperuricemia and gout was observed, which is
strongly associated with economic development character-
ized by dietary and lifestyle changes and increased con-
sumption of alcoholic beverages such as beer.
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