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Abstract

Background: Although the prevalence of HUA is increasing, epidemiologic studies on HUA in the middle-
aged and elderly population are limited. The present study aimed to calculate the prevalence and evaluate the
sex-related associations between metabolic parameters and hyperuricemia (HUA) among middle-aged and el-
derly adults.

Methods: This was a population-based cross-sectional study from 2018 to 2019 in rural areas of Nakhon
Nayok Province, Thailand. We enrolled 780 subjects aged 40 yr and over for health check-ups and examination
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
of HUA in females.

Conclusion: The age-standardized prevalence of HUA among females is relatively lower than in males. This
study also revealed that obesity is strongly associated with HUA in both sexes.
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Introduction

Hyperuricemia (HUA) is a risk factor for gout, of HUA are increasing rapidly worldwide. In
cardiovascular disease, chronic kidney disease, general, HUA is highly prevalent not only in
and diabetes mellitus (1-5). The prevalence rates high-income countries (6-9) however also in-
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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%0-6.40% 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
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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/m’ Normal as BMI 18.50-22.99,
Overweight as BMI 23-24.99 kg/m®, Obesity as
BMI 25.00-29.99 kg/m’* and Severe obesity as
BMI over 30 kg/m? (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 measuted 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).
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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

Opverall, 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 (yt), 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(0.80)
Separated 49(6.28) 36(6.57) 13(5.60)
Education levels, n (%)
Elementary education and below 542(69.49) 402(73.30) 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 & setvice 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 8,000 10,000

Health payment systems, n (%0)

(5,000-12,000)

(5,000-10,000)

(6,000-15,000)

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) 5009.12) 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 = 348) Men (n = 232)
Current smokers, n (%) 40(5.13) 4(0.73) 36(15.52)
Former smokets, n (%) 69(8.85) 7(1.28) 62(26.72)
Cutrent alcohol intake, n (%) 55(7.05) 28(5.11) 27(11.04)
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/m?), mean(SD) 25.55(5.88) 25.96(6.306) 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(41.006) 214.41(41.27) 209.18(40.40)
Triglycetides (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(1.50) 5.01(1.18) 6.96(1.40)
45-49 5.51(1.52) 5.03(1.14) 06.88(1.60)
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) 0.34(0.97)
65+ 5.72(1.24) 5.39(1.14) 6.16(1.25)

SD standard deviation

Serum uric acid level, by Body mass index
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Fig. 1: Level of serum uric acid in different BMI (kg/m?) 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.

45 4138 4172
;3 40
g 3 30.89
G 30 27.18
=)
g 25 21.16
o ) = 20.04
: 20
o
“g 15
o
< 10
D
A S

0 Crude mAge-standardize

Men Women Overall

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 = 5J48)
COR AOR COR AOR COR AOR
(95%CI)  (95%CL  (95%CI)  (95%CI)  (95%CD)  (95%CI)
Men 2.36(1.70  2.93(2.03 - - - -
-3.28)" -4.21)*
Age (Year)
50-59 1.16(0.82  1.25(0.85 0.73(0.41 0.97(0.50 1.59(1.01- 1.46(0.88
-1.64) -1.85) -1.29) -1.89) 2.51) -2.42)
60+ 1.27(1.10  1.35(1.08 1.58(1.27 1.74(1.29 2.00(1.11- 2.00(1.04
-2.01)* -2.28) -1.26)" -1.83) 3.601) -3.84)"
Education
Secondary  0.96(0.53 0.83(0.44 0.70(0.29 0.64(0.25 1.28(0.52- 1.02(0.39
education -1.75) -1.60) -1.69) -1.66) 3.17) -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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Table 4: Continued...

education -1.54) -1.46) -1.31) -1.80) 3.56) -1.98)
Body mass
index (kg/m?)
Under- 1.47(0.81  1.41(0.72  2.37(1.04 2.96(1.08 0.48(0.15- 0.53(0.16
weight -2.60) -2.76) -5.42)" -8.12)" 1.51) -1.73)
Overweight  1.08(0.63 1.19(0.68 1.19(0.48 1.43(0.53 1.12(0.57- 1.08(0.54
-1.85) -2.08) -3.03) -3.85) 2.19) -2.16)
Obesity 2.54(1.67 275(1.75 3.92(1.94 4.36(2.00 2.31(1.35- 2.16(1.22
-3.86)" -4.33)" -7.92)* -9.56)" 3.96)" -3.80)"
High fasting 1.39(1.02 1.21(1.16 1.99(1.52 1.90(1.05 1.63(1.09- 1.49(1.04
glucose -1.90)* -1.71) -3.88)" -2.64)" 2.40)" -2.31)"
Hypertriglyc-  1.66(1.21 1.32(1.29  2.06(1.07 1.51(1.08 1.61(1.08- 1.23(1.07
eridemia -2.27)" -1.89)* -3.93)" -2.81) 2.46)" -1.93)*
Low HDL 1.48(1.05 1.58(1.08 1.55(0.80 1.40(0.74 1.66(1.05- 1.67(1.02
-2.09)* -2.31)" -3.01) -2.67) 2.62)" -2.76)"
High  Blood 1.08(0.76 0.72(0.49 1.48(1.24 0.37(0.18 1.14(0.54- 0.88(0.55
Pressure -1.51) -1.05) -1.96) -0.79) 1.75) -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
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(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-
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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-

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

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.
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