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Introduction 
 
Hyperuricemia (HUA) is a risk factor for gout, 
cardiovascular disease, chronic kidney disease, 
and diabetes mellitus (1-5). The prevalence rates 

of HUA are increasing rapidly worldwide. In 
general, HUA is highly prevalent not only in 
high-income countries (6-9) however also in-
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surveys. The age-standardized prevalence of HUA was estimated by the direct method. A multiple logistic re-
gression was performed to identify the potential risk factors associated with HUA. 
Results: The prevalence of HUA were 30.9% (42% in males vs. 20% in females). Elderly adults were associat-
ed with a 35% increase in the risk of HUA. Obesity was found to be strongly associated with an increased prev-
alence of HUA in both sexes. Hypertriglyceridemia (51% increase in males vs. 23% increase in females), and 
high fasting glucose (90% increase in males vs. 49% increase in females) were also associated risk factors for 
HUA in both sexes. However, low high-density lipoprotein was only associated with a 67% increase in the risk 
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creasing in low-middle-income countries (10-
14). To date, various epidemiological studies 
have revealed that the prevalence of HUA was 
1.83%-6.40% in middle-aged and older (15-17). 
HUA was more common in males than females 
(18,19). Moreover, the prevalence rates of HUA 
in urban areas were higher than in rural areas 
(13-15, 20-23). The meta-analysis suggested that 
gender, middle-aged, residents who dwell in ur-
ban or rural areas, and economic level may be 
associated with HUA (24). Several epidemiolog-
ical studies confirmed that gender, diabetes 
mellitus, hypertension, dyslipidemia, obesity, 
metabolic syndrome, smoking, and alcohol in-
take had a positive association with risk factors 
of HUA in general adults (8, 9, 18, 19, 23). 
Moreover, increasing diastolic blood pressure, 
triglycerides, blood urea nitrogen, creatinine, 
and decreasing high-density lipoprotein choles-
terol were independently associated with risk 
factors of HUA (25). Consistent with the results 
in a previous large population-based study (19), 
HUA is associated with current drinking, includ-
ing obesity and dyslipidemia in males, whereas 
singles males were with lower odds of having 
HUA. Meanwhile, being single, high economic 
levels, smoking, and metabolic syndrome pa-
rameters (obesity, diabetes mellitus, hyperten-
sion, and dyslipidemia) were all additionally 
identified as high-risk factors for the develop-
ment of HUA in females.  
Several previous studies have been performed 
to show the prevalence rates of HUA in Bang-
kok (13, 22, 26) and Khon Kaen (20), Thailand. 
However, the prevalence rates were dependent 
upon different characteristics of individual stud-
ies such as the age-stratified, areas, and the eco-
nomic level in only the general adults but not in 
the middle-aged and elderly adults. The relation-
ships between lifestyle factors, metabolic pa-
rameters, and HUA in middle-aged and elderly 
adults remain uncertain. Especially, sex-related 
associations between metabolic parameters and 
HUA are not well known.  
Therefore, we aimed to calculate the prevalence 
of HUA and to determine the sex-related asso-
ciations between metabolic parameters and 

HUA among middle-aged and elderly adults in 
Thailand. 
 
Materials and Methods 
 
Study design and study population  
This was a population-based, cross-sectional de-
sign performed from 2018 to 2019 in rural areas 
of Nakhon Nayok Province, Thailand. All adults 
aged 40 yr and older were invited to participate in 
this study. However, individuals with any arthritis 
disease, kidney disease, cancer, stress/anti-
depression medication, and those on lower serum 
uric acid therapy were excluded. Methods for re-
cruiting participants for a research study encom-
pass various approaches, such as establishing 
communication with the village chief and village 
health volunteers, or displaying notices soliciting 
participants at a community sanitarium. The de-
termination of the sample size in this study is 
based on the logistic regression guideline (27). 
The study involves approximately 12 independ-
ent variables. Therefore, a minimum sample size 
of 700 subjects is required. By accounting for a 
potential dropout rate of 10%, this study will re-
quire a minimum sample size of 875 subjects. 
This is calculated by dividing 700 by 0.80. A rep-
resentative sample for this study was obtained 
using a stratified multistage cluster sampling 
method. The initial phase involved selecting one 
sub-district at random from each stratum, with 
four sub-districts per stratum. Within each cho-
sen village, a fixed number of 12 villages were 
then selected using simple random sampling. 
From each village, approximately 73 elderly indi-
viduals were randomly chosen, considering gen-
der and age stratification. This resulted in a theo-
retical total of 219 participants in each stratum, 
and a total of 875 participants across Nakhon 
Nayok Province. Out of these, 780 participants 
(89%) participated in the physical examination 
and provided complete questionnaire data, mak-
ing them eligible for inclusion in the analysis.  
The study received approval from the Ethics 
Committee of Srinakharinwirot University, Thai-
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land (MEDSWUEC-148/60E), and each partici-
pant provided written informed consent. 
 
Data collection and laboratory measurement 
Demographic and socioeconomic variables (e.g., 
age, marital status, education levels, type of occu-
pation, household income, and health payment 
systems) were collected through face-to-face in-
terviews by well-trained nursing staff. Data on 
health behavior variables such as smoking, alco-
hol intake, menopause, and comorbidity diseases 
was collected using a self-questionnaire. The an-
thropometric variables were measured to obtain 
information on body weight (kg) and height (cm). 
Blood pressure (BP) measurements were evaluat-
ed using an electronic sphygmomanometer. Se-
rum lipid profiles [Triglycerides (TG), Cholester-
ol, High-density lipoprotein (HDL-C), and Low-
density lipoprotein (LDL-C)] were analyzed by 
the automatic biochemical analyzer (Abbott CI 
8200, United States). Fasting plasma glucose 
(FPG) was measured from each subject after 
overnight fasting. 
 
Definitions 
Body mass index (BMI) was calculated and was 
defined into five groups (Underweight as BMI 
<18.5 kg/m2, Normal as BMI 18.50-22.99, 
Overweight as BMI 23-24.99 kg/m2, Obesity as 
BMI 25.00-29.99 kg/m2, and Severe obesity as 
BMI over 30 kg/m2) (12, 28). HUA was meas-
ured as a serum uric acid levels (SUA) over 7.0 
mg/dL in males and over 6.0 mg/dL in females 
(29,30). High BP was measured by BP as over 
130/85 mmHg or the use of hypertension medi-
cation (29,30). Hypertriglyceridemia was meas-
ured as a TG value over 150 mg/dl. Low HDL-C 
was measured as HDL-C value < 40 mg/d in 
males and < 50 mg/d in females (29,30). High 
FPG was measured as glucose over 100 mg/dl or 
taking diabetic medication (29,30).  
 
 
 
 
 

Statistical analyses 
Descriptive statistics were utilized to present the 
baseline characteristics of the study participants. 
Continuous data were summarized using means 
and standard deviations (SD), while categorical 
data were reported as frequencies and numbers. 
The Mann-Whitney U test was employed to ex-
amine the differences in SUA levels between 
males and females. The Kruskal Wallis test was 
used to compare the variations in SUA levels 
among different age groups and obesity groups. 
Furthermore, the age-standardized prevalence 
rates of HUA were calculated using the direct 
method (31). The relationship between high-risk 
factors and HUA was assessed using a multiple 
logistic regression model, adjusted for age, smok-
ing, alcohol consumption, antihypertensive medi-
cation, antidiabetic medication, and lipid-
lowering medication. The covariate variables that 
had a P-value less than 0.20 in the univariable 
analysis found significant in the previous study 
were included in the initial multivariable analysis. 
The goodness of model fit was assessed using the 
area under the receiver operating characteristic 
(ROC) curve and the Hosmer-Lemeshow test. A 
P-value of less than 5% was considered statisti-
cally significant. All statistical analyses were per-
formed using STATA version 14 software. 
 
Results 
 
Overall, 780 subjects aged more than 40 yr were 
included in this present study. About 70% of the 
subjects were females, and more than 70% re-
ceived an elementary education and below. The 
majority (72%) of the subjects were married, and 
more than half (57%) were agriculturists. The 
subjects have an income of 8000 baht a month 
and above. In addition, a larger proportion (71%) 
of the subjects had universal health coverage. 
The demographic characteristics of subjects were 
similar between male and female subjects (Table 
1). In this population, health behavior factors, 
anthropometric data, and metabolic parameters 
by gender are shown in Table 2. 
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Table 1: Demographic and clinical characteristics of participants 

 
Variables Overall (n = 780) Women (n = 548) Men (n = 232) 
Age (yr), mean (SD) 52.60(7.84) 52.48(7.44) 52.87(8.72) 
Marital Status, n (%)    
 Single 113(14.49) 84(15.33) 29(12.50) 
 Married 560(71.79) 372(67.88) 188(81.03) 
 Widowed 58(7.44) 56(10.22) 2(0.86) 
 Separated 49(6.28) 36(6.57) 13(5.60) 
Education levels, n (%)    
 Elementary education and below 542(69.49) 402(73.36) 140(60.34) 
 Middle/high school 161(20.64) 98(17.88) 63(27.16) 
 College and higher 77(9.87) 48(8.76) 29(12.50) 
Type of occupation, n (%)    
 Unemployed 63(8.08) 38(6.93) 25(10.78) 
 Professional & technical 112(14.36) 70(12.77) 42(18.10) 
 Sale & service 164(21.03) 93(16.97) 71(30.60) 
 Agriculture 441(56.54) 347(63.32) 94(40.52) 
Income (Baht/month), median (IQR) 8,000  

(5,000-12,000) 
8,000  
(5,000-10,000) 

10,000  
(6,000-15,000) 

Health payment systems, n (%)    
 No Health Insurance 9(1.15) 5(0.91) 4(1.72) 
 Universal health coverage 553(70.90) 389(70.99) 164(70.69) 
 Social security scheme 186(23.85) 130(23.72) 56(24.14) 
 Civil servant medical benefit scheme 32(4.10) 24(4.38) 8(3.45) 
Comorbidities, n (%)    
 HT+DLP 76(9.74) 56(10.22) 20(8.62) 
 Dyslipidemia (DLP) 71(9.10) 50(9.12) 21(9.05) 
 Hypertension (HT) 45(5.77) 33(6.02) 12(5.17) 
 DM+HT+DLP 35(4.49) 29(5.29) 6(2.59) 
 DM+DLP 14(1.79) 7(1.28) 7(3.02) 
 Diabetes mellitus(DM) 11(1.41) 9(1.64) 2(0.86) 
 DM+HT 7(0.90) 6(1.09) 1(0.43) 

 
Table 2: Health behavior factors and anthropometric data of participants 

 
Variables Overall (n = 780) Women (n = 548) Men (n = 232) 
Current smokers, n (%) 40(5.13) 4(0.73) 36(15.52) 
Former smokers, n (%) 69(8.85) 7(1.28) 62(26.72) 
Current alcohol intake, n (%) 55(7.05) 28(5.11) 27(11.64) 
Former alcohol intake, n (%) 85(10.90) 23(4.20) 62(26.72) 
Weight (kg), mean(SD) 63.94(13.21) 62.33(12.74) 68.37(13.50) 
BMI (kg/m2), mean(SD) 25.55(5.88) 25.96(6.36) 24.43(4.10) 
SBP (mmHg), mean(SD) 133.53(17.20) 133.36(17.56) 134.04(16.21) 
DBP (mmHg), mean(SD) 78.11(14.54) 77.39(14.51) 80.06(14.49) 
Cholesterol (mg/dL), mean(SD) 212.86(41.06) 214.41(41.27) 209.18(40.40) 
Triglycerides (mg/dL), mean(SD) 137.21(80.76) 129.89(71.14) 154.51(97.90) 
HDL (mg/dL), mean(SD) 53.68(13.36) 55.40(13.20) 49.64(12.89) 
LDL (mg/dL), mean(SD) 132.81(37.71) 134.32(38.07) 129.24(36.68) 
FPG (mg/dL), mean(SD) 104.81(31.56) 103.23(29.24) 108.54(36.25) 

BMI body mass index, DBP diastolic blood pressure, FPG fasting plasma glucose, HDL high density lipoprotein, LDL low den-
sity lipoprotein, SD standard deviation, SBP systolic blood pressure 
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The present results revealed that SUA was higher 
in males than in females. Comparing SUA levels 
by gender and age groups, there is no significant 
difference in serum uric acid in overall and gen-
der-stratified subjects (Table 3). In contrast, a 
significant difference in SUA levels was found in 

obesity and severe obesity subjects when com-
pared to underweight and normal-weight subjects 
(Fig. 1A). Furthermore, the obese subjects had 
higher SUA levels than the underweight and 
normal-weight subjects of both sexes (Fig. 1B-C).

 
Table 3: Mean serum uric acid level according to gender and age 

 
Factors Serum uric acid levels (mg/dl), mean (SD) 

Overall P-value Women P-value Men P-value 
Total 5.65(1.44)  5.19(1.15)  6.74(1.47) <0.0001 
Age group  0.4403  0.0802  0.3108 

 40-44 5.69(1.56)  5.01(1.18)  6.96(1.40)  

 45-49 5.51(1.52)  5.03(1.14)  6.88(1.66)  
 50-54 5.70(1.40)  5.25(1.11)  6.78(1.44)  

 55-59 5.69(1.49)  5.25(1.20)  6.80(1.59)  

 60-64 5.62(1.13)  5.39(1.09)  6.34(0.97)  

 65+ 5.72(1.24)  5.39(1.14)  6.16(1.25)  

SD standard deviation 
 

 
 

Fig. 1: Level of serum uric acid in different BMI (kg/m2) categories 
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The overall prevalence rate of HUA was 31% 
(95% CI 29.5-32.3). The prevalence rate adjusted 
for age of the standard population in males was 
higher than that of females (42 % (95% CI 36.4-
47.1) vs. 20% (95% CI 20.0-20.1)) (Fig. 2). Obesi-
ty and male subjects were strongly associated 
with HUA among middle-aged and elderly adults 
(Table 4). The logistic regression analysis revealed 
that only elderly people older than 60 yr were 
associated with a 35% increased risk of HUA. In 
addition, high fasting glucose, hypertriglycer-
idemia, and low HDL also increased the preva-

lence of HUA. In a subgroup analysis, older sub-
jects of age over 60 yr were with higher odds of 
having HUA in females, whereas older age was 
positively associated with HUA in males. How-
ever, being underweight was associated with 
HUA only in males, whereas low HDL-C was 
significantly associated with HUA only in fe-
males. In both sexes, the results revealed that 
subjects who were obese were at higher risk of 
HUA than those with normal body weight. The 
association remained consistent among high 
FPG, and hypertriglyceridemia subjects. 

 

 
 

Fig. 2: The age-standardized prevalence of hyperuricemia in the middle-aged and elderly population 
 

Table 4: The odds ratios for the presence of hyperuricemia according to gender 
 

Factors Overall Men (n = 232) Women (n = 548) 
COR 

(95%CI) 
AOR 

(95%CI) 
COR 

(95%CI) 
AOR 

(95%CI) 
COR 

(95%CI) 
AOR 

(95%CI) 
Men 2.36(1.70

-3.28)* 
2.93(2.03

-4.21)* 
- - - - 

Age (Year)       
 50-59 1.16(0.82

-1.64) 
1.25(0.85

-1.85) 
0.73(0.41

-1.29) 
0.97(0.50

-1.89) 
1.59(1.01-

2.51) 
1.46(0.88

-2.42) 

 60+ 1.27(1.10
-2.01)* 

1.35(1.08
-2.28)* 

1.58(1.27
-1.26)* 

1.74(1.29
-1.83)* 

2.00(1.11-
3.61)* 

2.00(1.04
-3.84)* 

Education        
 Secondary 
education 

0.96(0.53
-1.75) 

0.83(0.44
-1.60) 

0.70(0.29
-1.69) 

0.64(0.25
-1.66) 

1.28(0.52-
3.17) 

1.02(0.39
-2.66) 

 Primary 0.91(0.54 0.80(0.44 0.58(0.26 0.74(0.29 1.61(0.73- 0.83(0.35
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education -1.54) -1.46) -1.31) -1.86) 3.56) -1.98) 
Body mass 
index (kg/m2) 

      

 Under-
weight 

1.47(0.81
-2.66) 

1.41(0.72
-2.76) 

2.37(1.04
-5.42)* 

2.96(1.08
-8.12)* 

0.48(0.15-
1.51) 

0.53(0.16
-1.73) 

 Overweight 1.08(0.63
-1.85) 

1.19(0.68
-2.08) 

1.19(0.48
-3.03) 

1.43(0.53
-3.85) 

1.12(0.57-
2.19) 

1.08(0.54
-2.16) 

 Obesity 2.54(1.67
-3.86)* 

2.75(1.75
-4.33)* 

3.92(1.94
-7.92)* 

4.36(2.00
-9.56)* 

2.31(1.35-
3.96)* 

2.16(1.22
-3.80)* 

High fasting 
glucose 

1.39(1.02
-1.90)* 

1.21(1.16
-1.71)* 

1.99(1.52
-3.88)* 

1.90(1.05
-2.64)* 

1.63(1.09-
2.40)* 

1.49(1.04
-2.31)* 

Hypertriglyc-
eridemia 

1.66(1.21
-2.27)* 

1.32(1.29
-1.89)* 

2.06(1.07
-3.93)* 

1.51(1.08
-2.81)* 

1.61(1.08-
2.46)* 

1.23(1.07
-1.93)* 

Low HDL 1.48(1.05
-2.09)* 

1.58(1.08
-2.31)* 

1.55(0.80
-3.01) 

1.40(0.74
-2.67) 

1.66(1.05-
2.62)* 

1.67(1.02
-2.76)* 

High Blood 
Pressure  

1.08(0.76
-1.51) 

0.72(0.49
-1.05) 

1.48(1.24
-1.96) 

0.37(0.18
-0.79) 

1.14(0.54-
1.75) 

0.88(0.55
-1.40) 

AOR adjusted for age, smoking, alcohol consumption, antihypertensive medication, antidiabetic medication, and 
lipid-lowering medication, COR crude odds ratio, HDL high density lipoprotein, 95%CI 95% confidence intervals.  
*P-value <0.001, Hosmer-Lemeshow test = 0.5383, receiver operating characteristic (ROC) curve = 0.72765 
(72.77%) 
 
Discussion 
 
This present study indicated that the age-
standardized prevalence rates of HUA were high 
estimated at 30.9% and were found in males 
more frequently than females (41.7% in males 
and 20% in females). The rates of HUA among 
elderly individuals in Thailand were found to be 
lower compared to the rates observed among el-
derly individuals in Taiwan (36% overall, 46% in 
males, and 26% in females) (32), as well as in 
China (15.6-32.3% overall, 23.2-39.6% in males, 
and 7.8-10.7% in females) (33-35). However, the 
present results found that the prevalence of HUA 
was higher than that of the elderly agricultural 
and fishing adults in Taiwan (30.4% overall, 
30.2% in males, and 30.6% in females) (29). The 
results of this study consistent with previous 
study that found a higher prevalence of hyperu-
ricemia (HUA) in males (14.9%) compared to 
females (8.9%) among rural residents in Khon 
Kaen, Thailand (20). Furthermore, the prevalence 
rates tend to be significantly higher in individuals 
aged 50 yr and above (34-37). Furthermore, the 
present results revealed that the prevalence rates 
of HUA in middle-aged and elderly adults 

(30.9%) were higher than that shown in general 
adults in Japan (26.8% in males and 0.9% in fe-
males) (9), India (25.8%) (11), Thailand (urban 
areas; 24.4%) (13), America (21.4%) (6), Italy 
(11.9%) (38), and China (11.3-15.1%) (18, 39,40). 
The differences in ethnicities such as genetic fac-
tors, geographical variables, and demographic 
and lifestyle factors (13-15, 20-23) were probably 
the main contributors to the differences in preva-
lence rates of HUA. However, the meta-analysis 
suggested that gender, middle-aged, residents 
who dwell in urban or rural areas, and economic 
level may be associated with HUA (24). In West-
ern countries, the prevalence rate of HUA in-
creased with age (6, 38, 41). However, the preva-
lence rates decreased in adults at the age of 60 yr 
and then increased between them the age of 70 to 
80 yr (8, 42). Furthermore, the inconsistent 
threshold for HUA could have also caused these 
differences in previous studies.  
The present study indicated a significant associa-
tion between hypertriglyceridemia, high FPG, 
and HUA in both sexes, whereas low HDL-C 
level was correlated with HUA only in females. 
Consistent with other studies, the authors found 
a correlation between HUA and metabolic pa-

Table 4: Continued… 
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rameters (hypertriglyceridemia, high FPG, and 
low HDL-C level) in previous study populations 
(19, 29). The metabolic syndrome parameters 
increased the prevalence rates and also signifi-
cantly increased uric acid activity (30,43,44). Alt-
hough serum uric acid is associated with metabol-
ic syndrome (45), which leads to the two disor-
ders, the mechanisms of this syndrome remain 
unknown.  
In addition, the present study revealed that elder-
ly obese subjects were at higher risk of HUA than 
those with normal body weights in both sexes. 
SUA concentration is correlated with serum lep-
tin concentration (46,47). Serum leptin could be a 
pathogenic determinant responsible for HUA in 
obese subjects. Furthermore, this could be a re-
sult of the increase in Xanthine oxidoreductase 
(XOR) in obese subjects (48). The present results 
also indicated that older females had a higher risk 
of HUA than older males. The increase in the 
risk of HUA among elderly females may be de-
scribed by postmenopausal changes in the endo-
crine system and the loss of the uricosuric action 
of estrogen levels (43). However, HUA was still a 
men-dominated disease as demonstrated in the 
present results. The present results are consistent 
with the findings of the previous hospital- and 
community-based studies for general and occupa-
tional adults (29, 43, 49). 
The present study has some limitations, consid-
ered. First, the screened middle-aged and elderly 
adults were enrolled from only a single area. This 
selection bias may have affected the evaluated 
prevalence rates of HUA and its related high-risk 
factors. Second, the subjects in this present study 
might have individualities differing from those of 
Thai adults. These populations are more suscep-
tible to HUA than other populations in Thailand. 
Third, some not eligible participants and/or non-
respondents who did not return for biochemical 
tests may have had more prevalent HUA; thus, 
the prevalence rates of HUA may have been un-
derestimated. Fourth, measurements in this pre-
sent study were measured at a single time point. 
Thus, the authors cannot be used to reflect the 
effects of long-term exposure to the various 
high-risk factors of critically affect HUA. Longi-

tudinal studies are required, the findings of which 
may complement the results of this current study. 
Finally, only a limited number of possible associ-
ated high-risk factors were included for multiple 
logistic regression analysis. Because of the availa-
bility of information, the effects of some well-
proven related HUA such as food consumption, 
alcohol consumption, diuretic use, and smoking 
could not be assessed.  
 
Conclusion 
 
This study indicated a high prevalence of HUA in 
middle-aged and elderly males. Obesity is in-
creased with HUA in males, whereas obesity and 
old age are increased with HUA in females. Addi-
tionally, metabolic syndrome components such as 
hypertriglyceridemia and high fasting glucose are 
associated with HUA in this study, but only low 
high-density lipoprotein is associated with HUA 
in females. However, longitudinal cohort studies 
are warranted to confirm causality. 
 
Journalism Ethics considerations  
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  
 
Acknowledgements  
 
The authors would like to thank all study partici-
pants for their participation in this study and 
acknowledge members of the central laboratory 
of the HRH Princess Maha Chakri Sirindhorn 
Medical Center (MSMC) for thoughtful discus-
sion and suggestions on the data analysis and re-
sult interpretation.  
 
Funding 
 
This study was financially supported by the Fac-
ulty of Medicine, Srinakharinwirot University 
(Grant number 006/2562).  



Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1361-1371  

1369                                                                                                      Available at:    http://ijph.tums.ac.ir 

Conflict of interests  
 
The authors have no conflict of interest to 
declare. 
 
References 
 

1. Oh TR, Choi HS, Kim CS, et al (2019). Hyperu-
ricemia has increased the risk of progression 
of chronic kidney disease: a propensity score 
matching analysis from the KNOW-CKD 
study. Sci Rep, 9:6681. 

2. Stewart DJ, Langlois V, Noone D (2019). Hype-
ruricemia and Hypertension: Links and Risks. 
Integr Blood Press Control, 12:43-62. 

3. Wang J, Qin T, Chen J, et al (2014). Hyperu-
ricemia and risk of incident hypertension: a 
systematic review and meta-analysis of obser-
vational studies. PLoS One, 9:e114259. 

4. Abeles AM (2015). Hyperuricemia, gout, and 
cardiovascular disease: an update. Curr Rheu-
matol Rep, 17:13. 

5. Mallat SG, Al Kattar S, Tanios BY, et al (2016). 
Hyperuricemia, Hypertension, and Chronic 
Kidney Disease: an Emerging Association. 
Curr Hypertens Rep, 18:74. 

6. Zhu Y, Pandya BJ, Choi HK (2011). Prevalence 
of gout and hyperuricemia in the US general 
population: the National Health and Nutri-
tion Examination Survey 2007-2008. Arthritis 
Rheum, 63:3136-41. 

7. Hakoda M (2012). Recent trends in hyperurice-
mia and gout in Japan. Japan Med Assoc J, 
55:319-23. 

8. Kim Y, Kang J, Kim GT (2018). Prevalence of 
hyperuricemia and its associated factors in the 
general Korean population: an analysis of a 
population-based nationally representative 
sample. Clin Rheumatol, 37:2529-38. 

9. Higa S, Yoshida M, Shima D, et al (2019). A Ret-
rospective, Cross-Sectional Study on the 
Prevalence of Hyperuricemia Using a Japa-
nese Healthcare Database. Arch Rheumatol, 
35:41-51. 

10. Conen D, Wietlisbach V, Bovet P, et al (2004). 
Prevalence of hyperuricemia and relation of 
serum uric acid with cardiovascular risk fac-
tors in a developing country. BMC Public 
Health, 4:9. 

11. Billa G, Dargad R, Mehta A (2018). Prevalence 
of Hyperuricemia in Indian Subjects attending 
Hyperuricemia Screening Programs-A Retro-
spective Study. J Assoc Physicians India, 66:43-6. 

12. Ali N, Perveen R, Rahman S, et al (2018). Preva-
lence of hyperuricemia and the relationship 
between serum uric acid and obesity: A study 
on Bangladeshi adults. PLoS One, 
13:e0206850. 

13. Uaratanawong S, Suraamornkul S, Angkeaw S, et 
al (2011). Prevalence of hyperuricemia in 
Bangkok population. Clin Rheumatol, 30:887-
93. 

14. Lohsoonthorn V, Dhanamun B, Williams MA 
(2006). Prevalence of hyperuricemia and its 
relationship with metabolic syndrome in Thai 
adults receiving annual health exams. Arch 
Med Res, 37:883-9. 

15. Song P, Wang H, Xia W, et al (2018). Prevalence 
and correlates of hyperuricemia in the middle-
aged and older adults in China. Sci Rep, 
8:4314. 

16. Zhang Q, Gong H, Lin C, et al (2020). The 
prevalence of gout and hyperuricemia in mid-
dle-aged and elderly people in Tibet Autono-
mous Region, China: A preliminary study. 
Medicine (Baltimore), 99:e18542. 

17. Lin C-S, Lee W-L, Hung Y-J, et al (2012). Preva-
lence of hyperuricemia and its association 
with antihypertensive treatment in hyperten-
sive patients in Taiwan. Int J Cardiol, 156:41-6. 

18. Qiu L, Cheng X-q, Wu J, et al (2013). Prevalence 
of hyperuricemia and its related risk factors in 
healthy adults from Northern and Northeast-
ern Chinese provinces. BMC Public Health, 
13:664. 

19. Song P, Wang H, Xia W, et al (2019). Gender- 
and Age-Specific Differences in the Associa-
tion of Hyperuricemia and Hypertension: A 
Cross-Sectional Study. Int J Endocrinol, 
2019:7545137. 

20. Premgamone A, Ditsatapornjaroen T, 
Jindawong B, et al (2011). The Prevalence of 
Hyperuricemia and Associated Factors in the 
Rural Community, Khon Kaen Province. Sri-
nagarin Medical Journal, 26:41-7. 

21. Sari I, Akar S, Pakoz B, et al (2009). Hyperu-
ricemia and its related factors in an urban 
population, Izmir, Turkey. Rheumatol Int, 
29:869-74. 



Suwanchatchai et al.: Gender-Specific Differences in Prevalence and Association of Cardio-Metabolic … 
 

Available at:    http://ijph.tums.ac.ir                                                                                                      1370 

22. Wannaiampikul S, Sangsawangchot P, Tanunyut-
thawongse C (2020). High prevalence of 
hyperuricemia and lack of association with 
rs2280205 and rs6820230 alleles of the 
SLC2A9 gene in urban Bangkok, Thailand. 
Genet Mol Res, 19:GMR18511. 

23. Zhang X, Meng Q, Feng J, et al (2018). The 
prevalence of hyperuricemia and its correlates 
in Ganzi Tibetan Autonomous Prefecture, Si-
chuan Province, China. Lipids Health Dis, 
17:235. 

24. Liu R, Han C, Wu D, et al (2015). Prevalence of 
Hyperuricemia and Gout in Mainland China 
from 2000 to 2014: A Systematic Review and 
Meta-Analysis. Biomed Res Int, 2015:762820. 

25. Ni Q, Lu X, Chen C, et al (2019). Risk factors for 
the development of hyperuricemia: A 
STROBE-compliant cross-sectional and lon-
gitudinal study. Medicine (Baltimore), 98:e17597. 

26. Techatraisak K, Kongkaew T (2017). The associ-
ation of hyperuricemia and metabolic syn-
drome in Thai postmenopausal women. Cli-
macteric, 20:552-7. 

27. Bujang MA, Sa’at N, Tg Abu Bakar Sidik TMI, 
et al. (2018). Sample size guidelines for logistic 
regression from observational studies with 
large population: emphasis on the accuracy 
between statistics and parameters based on 
real life clinical data. Malays J Med Sci, 25:122-
130. 

28. WHO (2004). Appropriate body-mass index for 
Asian populations and its implications for 
policy and intervention strategies. Lancet, 
363:157-163. 

29. Yu Q, Shen H-C, Hu Y-C, et al (2017). Preva-
lence and Metabolic Factors of Hyperurice-
mia in an Elderly Agricultural and Fishing 
Population in Taiwan. Arch Rheumatol, 32:149-
57. 

30. Yu S, Yang H, Guo X, et al (2016). Prevalence of 
hyperuricemia and its correlates in rural 
Northeast Chinese population: from lifestyle 
risk factors to metabolic comorbidities. Clin 
Rheumatol, 35:1207-15. 

31. Ahmad OB, Boschi Pinto C, Lopez A, et al 
(2001). Age Standardization of rates: a new 
WHO standard. (GPE Discussion Paper Se-
ries no. 31). Geneva: World Health Organiza-
tion. 

32. Lee MS, Lin SC, Chang HY, et al (2005). High 
prevalence of hyperuricemia in elderly Tai-
wanese. Asia Pac J Clin Nutr, 14:285-92. 

33. Lyu X, Du Y, Liu G, et al (2023). Prevalence and 
influencing factors of hyperuricemia in mid-
dle-aged and older adults in the Yao minority 
area of China: a cross-sectional study. Sci Rep, 
13:10185. 

34. Zhong L, Liu S, Qiu X, et al (2022). High Preva-
lence of Hyperuricemia and Associated Fac-
tors among Zhuang Adults: A Cross-
Sectional Study Based on the Ethnic Minority 
Population Cohort in the Southwestern Chi-
na. Int J Environ Res Public Health, 19:16040. 

35. Bai R, Ying X, Shen J, et al (2022). The visceral 
and liver fat are significantly associated with 
the prevalence of hyperuricemia among mid-
dle age and elderly people: A cross-sectional 
study in Chongqing, China. Front Nutr, 
9:961792. 

36. Xu Y, Dong H, Zhang B, et al (2022). Associa-
tion between dyslipidaemia and the risk of 
hyperuricaemia: a six-year longitudinal cohort 
study of elderly individuals in China. Ann 
Med, 54:2402-2410. 

37. Timsans J, Kauppi JE, Kerola AM, et al (2023). 
Hyperuricaemia: prevalence and association 
with mortality in an elderly Finnish popula-
tion. BMJ Open, 13:e072110. 

38. Trifirò G, Morabito P, Cavagna L, et al (2013). 
Epidemiology of gout and hyperuricemia in 
Italy during the years 2005-2009: a nationwide 
population-based study. Ann Rheum Dis, 
72:694-700. 

39. Han B, Wang N, Chen Y, et al (2020). Preva-
lence of hyperuricemia in an Eastern Chinese 
population: a cross-sectional study. BMJ Open, 
10:e035614. 

40. Piao W, Zhao L, Yang Y, et al (2022). The 
Prevalence of Hyperuricemia and Its Corre-
lates among Adults in China: Results from 
CNHS 2015-2017. Nutrients, 14:4095. 

41. Chen-Xu M, Yokose C, Rai SK, et al (2019). 
Contemporary Prevalence of Gout and 
Hyperuricemia in the United States and De-
cadal Trends: The National Health and Nutri-
tion Examination Survey, 2007-2016. Arthritis 
Rheumatol, 71:991-999. 

42. Wang Q, Wang C, Xue J, et al (2021). Character-
istics of serum uric acid distribution in occu-
pation, age, gender groups, and its influencing 



Iran J Public Health, Vol. 53, No.6, Jun 2024, pp.1361-1371  

1371                                                                                                      Available at:    http://ijph.tums.ac.ir 

factors in physical examination subjects in 
Nanjing from 2012 to 2016. Zhonghua Nei Ke 
Za Zhi, 60:29-34. 

43. Yang J, Liu Z, Zhang C, et al (2013). The preva-
lence of hyperuricemia and its correlates in an 
inland Chinese adult population, urban and 
rural Jinan. Rheumatol Int, 33:1511-7. 

44. Corry DB, Eslami P, Yamamoto K, et al (2008). 
Uric acid stimulates vascular smooth muscle 
cell proliferation and oxidative stress via the 
vascular renin-angiotensin system. J Hypertens, 
26:269-75. 

45. Chen L-y, Zhu W-h, Chen Z-w, et al (2007). Re-
lationship between hyperuricemia and meta-
bolic syndrome. J Zhejiang Univ Sci B, 8:593-8. 

46. Bedir A, Topbas M, Tanyeri F, et al (2003). Lep-
tin might be a regulator of serum uric acid 

concentrations in humans. Jpn Heart J, 44:527-
36. 

47. Matsuura F, Yamashita S, Nakamura T, et al 
(1998). Effect of visceral fat accumulation on 
uric acid metabolism in male obese subjects: 
visceral fat obesity is linked more closely to 
overproduction of uric acid than subcutane-
ous fat obesity. Metabolism, 47:929-33. 

48. Battelli MG, Bortolotti M, Polito L, et al (2018). 
The role of xanthine oxidoreductase and uric 
acid in metabolic syndrome. Biochim Biophys 
Acta Mol Basis Dis, 1864:2557-65. 

49. Wei CY, Sun CC, Wei JC, et al (2015). Associa-
tion between Hyperuricemia and Metabolic 
Syndrome: An Epidemiological Study of a 
Labor Force Population in Taiwan. Biomed Res 
Int, 2015:369179. 

 
 


