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The Association of Metabolic Parameters with Gout
in Thai Adults
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Background: Despite the close relationships between metabolic parameters and gout, there is no data concerning this relation in the
Thai adult population.

Objective: The aim of the present study was to determine the association between metabolic parameters and gout

Materials and Methods: We conducted a 1:2 case-control study that included 90 gout patients as the case and 180 non-gout patients
as the control group. Gout was defined as Rome criteria and confirmed by a rheumatologist. Diagnosis of metabolic syndrome was
based on ATP III criteria. Multivariate unconditional logistic regression analysis was used to analyze the data and presented in terms
of adjusted odds ratio (aOR) and 95% confidence interval (95% CI).

Results: Our results revealed that gout was significantly associated with age increase every 10 years, men, high fasting blood
glucose (FBG), and high blood pressure (BP). The aOR and 95% CI were 1.64 (1.29 to 2.07), 14.51 (6.17 to 34.27), 2.16 (1.08 to 4.46),
and 2.01 (1.88 to 4.62), respectively. In addition, obesity with metabolic syndrome participants had an increased risk of gout (aOR
=2.78,95% Cl = 1.16 to 6.67).

Conclusion: The present study indicates a significant association between gout and older age, men, high fasting blood glucose, and
high blood pressure among Thai adults. Furthermore, a greater body mass index with metabolic syndrome increases the risk of

gout. Subjects with these risk factors should be provided with appropriate management and treatment options.
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Gout is one of the most common arthritis and is an
independent risk factor for cardiovascular disease!”. The
prevalence of metabolic syndrome (MetS) and hyperuricemia/
gout has steadily increased. Many previous studies
demonstrated that gout is more prevalent in men than in
women and with increasing age in various populations. The
recent reports of the prevalence and incidence of gout
worldwide ranges from <1% to 6.8% 7 and an incidence
of 0.58 to 2.89 per 1,000 person-years®. Thailand is one of
the countries with the low prevalence of gout, but highest
prevalence of hyperuricemia worldwide®'). In addition,
the prevalence of MetS persistently increased in various
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populations>!?. In the United States population, the
prevalence was 19.5% among those aged 20 to 39 years
and increased to 48.6% among those aged at least 60 years"®.
Similarly, in the Indian population over 18 years old,
Krishnamoorthy Y et al*” demonstrated that the prevalence
of MetS gradually increased from 13% (18 to 29 years group)
t0 50% (50 to 59 years). In Chinese population, the prevalence
increased during 40 to 70 years, while declined in populations
aged over 70 years®”. In Thailand, the overall prevalence of
MetS among adults was 32.6% to 36.49%?!??. The results
of previous study also found that women (19.5% in men
and 26.8% in women) and people living in urban areas
(23.1% in urban areas vs. 17.9% in rural areas) had higher
prevalence of MstS©@?, Several clinical investigations showed
a higher prevalence of metabolic syndrome in patients
with gout compared to the general population®2. These
results showed parallel increasing prevalence of both
metabolic syndrome and gout. Current published evidence
shows that gout occurrence has been known to be strongly
associated with genetic variants®’?®, medications (diuretics,
thiazide, and low dose aspirin)®*3, and dietary factors such
as red meat®-h, seafood®?, sugar-sweetened beverages®*?,
and alcohol consumption®-%, In addition, the individual
metabolic abnormalities of the metabolic syndrome including
obesity®3039 hypertension®-3%3436 - diabetes®-73%, and
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dyslipidemia®-*" increase the uric acid concentration. The
findings have been suggested that gout is linked with metabolic
syndrome and/or metabolic parameters. Thus, recent
published evidence has been extremely successful at
establishing significant associations between gout and
individual components of the metabolic syndrome, but this
association is not fully elucidated in Thai adults. Therefore,
the aim of this study was to investigate the independent
association between gout and metabolic factors.

Materials and Methods
Study population

An unmatched (1:2) case-control study, a total
of 270 subjects (90 gout patients and 180 controls) were
included and selected from people over aged 20 years. The
gout patients were clinically diagnosed as primary gout based
on the Rome criteria®? and confirmed by rheumatologist.
We excluded the 16 gout patients with uncompleted
biochemical information. The inclusion criteria of control
subjects are each of the following: 1) no evidence of gout and/
or no signs and symptoms with gout®. Participants were
excluded from the study as follows: 1) had cardiovascular
disease due to acute heart disease, kidney disease or kidney
dysfunction; 2) all cancer patients; 3) had stress and anxiety;
4) using drugs and substances which can induce hyperuricemia
(HUA) such as diuretics or low-dose aspirin or anti-
depression drugs or drugs used for organ transplantation
and/or vitamin C supplementation. This study was approved
by the ethics committee of Srinakharinwirot University,
Thailand (SWUEC/E-148/2560).

Sample size calculation

The results of previous study reported that the
14.82% of obesity in patients with gout® and obesity (body
mass index >30.00 kg/m?) increased (2.90-fold) the risk of
gout®?, A sample size of 81 subjects would be needed per
group for the 1:2 ratio in the unmatched case-control study,
and there is 80% power to consider an important difference
between the two groups at two-sided alpha of 0.05. Thus, a
total sample size of 270 subjects were 90 per gout patients
and 180 per non-gout.

Anthropometric measurement

Anthropometric data such as individual height,
weight and blood pressure were obtained using the standard
procedure. Height was measured to the nearest 0.1 cm and
weight was measured to the nearest 0.1 kg. Blood pressure
(Systolic blood pressure; SBP) and diastolic blood pressure;
DBP) was measured using an automatic sphygmomanometer,
in a seated position after each subject had rested for at
least 5 to 10 minutes. The body mass index (BMI) was
calculated as the weight (kg) divided by the body height
squared and treated as a continuous variable. We categorized
using the World Health Organization classification system®?.
Furthermore, we defined MetS based on the National
Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATP III) criteria®.
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Laboratory measurements

All subjects participated in health check-up and
examinations, including blood sampling at the HRH Princess
MahaChakri Sirindhorn Medical Center (MSMC) and SWU-
clinic, Srinakharinwirot University (SWU). The blood sample
was collected from each participant after an 8 to 12-hour
overnight fast. Serum samples were used to determine serum
uric acid (SUA) and lipid profiles such as serum triglyceride
(TG) levels, total cholesterol (TC), high- and low-density
lipoprotein cholesterol (HDL-C and LDL-C). Plasma samples
were used to determine fasting plasma glucose (FPG). All
biochemical data (FPG, TC, TG, HDL-C and LDL-C and
SUA) were measured by the automatic biochemical analyzer
(Abbott CI 8200, United State) at the laboratory of the
MSMC. All laboratory biochemical results were reported in
mg/dl.

Statistical analysis

Descriptive data are presented as mean and standard
deviation (SD) for continuous variables, and as numbers and
percentages for categorical variables. Multivariate
unconditional logistic regression analysis was performed to
estimate the association of gout with MetS, its various
components, and general obesity. We calculated the adjusted
odds ratio (aOR) and 95% confidence interval (95% CI).
Subgroup analyses were conducted after categorizing the
subjects according to age and presence of MetS with or
without general obesity. The statistical tests were two-sided,
and a p-value less than 5% were considered statistically
significant. All statistical analyses were performed with
STATA version 14 (Stata, College Station, TX).

Results

The baseline characteristics of the participants are
presented in Table 1. Among a total of 270 participants (90
gout patients and 180 non-gout), the ages of gout patients
were older than non-gout Thai population. The highest
proportion of gout was found in men, married status, and
comorbidity with diabetes, hypertension, and dyslipidemia.
The mean age at diagnosis of gout was 51.95+14.73 years.
Participants with gout had a higher SBP, DBP, TG, FPG
and SUA levels than non-gout subjects, whereas TC, HDL-
C, and LDL-C had lower levels compared to those without
gout.

Table 2 presents the results of simple and
multivariable unconditional logistic regression analyses,
performed to quantify the strength of the association between
the metabolic parameters and gout. In the simple model,
an age increases every 10 years, men, BMI 25.00 to 29.99
kg/m?, high fasting glucose or diabetic medication, hypertrigly-
ceridemia, and high BP or hypertension medication were
significantly associated with increasing the risk of gout in the
overall Thai adults, whereas a reduced HDL-C is a preventive
factor with gout. In the age- and sex-adjusted model, the
adjusted odds ratio (aOR) for having gout were approximately
2-fold among subjects with high fasting glucose or diabetic
medication and 2-fold among those with high BP or

] Med Assoc Thai|Vol104|Suppl3|September 2021



Table 1. Demographic, laboratory, and anthropometric characteristics of participants

Variables Gout (n=90) Non gout (n=180)
Age (years)* 61.92+13.36 48.56+15.01
Gender, n (%)
Men 82 (91.11) 66 (36.67)
Women 8(8.89) 114 (63.33)
Marital status, n (%)
Single 10(11.11) 68 (37.78)
Married 77 (85.56) 111 (61.67)
Widowed 2(2.22) 1(0.56)
Separated 1(1.11) 0
Comorbidity with DM/HTN/DLP, n (%) 48 (53.33) 25 (13.89)
Onset of gout (years)* 51.95+14.73 -
Urate lowering medications, n (%) 90 (100.00) 0
Body mass index (BMI) (kg/m?)* 25.75%+4.56 25.05+4.84
BMI 223, n (%) 69 (76.67) 110 (61.11)
BMI >25, n (%) 55 (61.11) 82 (45.56)

Metabolic parameters*
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
High density lipoprotein cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
Low density lipoprotein cholesterol (mg/dL)*

Serum uric acid levels (mg/dL)*

139.88+18.29 127.01+15.98

79.79+£13.74 77.46+10.68
188.64+54.51 208.72+36.10
162.58+121.30 128.46+66.12
49.63+21.79 59.04+14.35
111.34£32.26 98.96+29.51
99.96+43.48 127.58+34.24
6.35+2.42 5.94+1.32

* Data was presented as meantstandard deviation

DM = diabetes mellitus; HTN = hypertension; DLP = dyslipidemia

hypertension medication. However, we observed aged-based
differences (older adults with age at gout onset in 51 years
and younger adults with age <51 years) (Table 3). High
fasting glucose or diabetic medication and high BP or
hypertension medication factors were demonstrated as
significant risk factors for gout in older adults. Meanwhile,
hypertriglyceridemia was associated with gout only in younger
adults after adjustments. Table 4 shows the adjusted OR
and 95% CI for having gout, according to the presence of
MetS and/or general obesity in subgroups. In the overall
Thai adult population, subjects with MetS were at a 2.38-
fold higher risk of developing gout in Thai adults. In addition,
both general obesity and MetS showed nearly a 3-fold
increased risk for gout compared to adults without both
conditions.

Discussion

In this case-control study, we confirmed that
high fasting blood glucose, which one of the main metabolic
components, determined gout regardless of other metabolic
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components in Thai adults, especially older adults. The
previous study showed that plasma glucose is freely filtered
at the glomerulus, similar to circulating uric acid, with almost
all of it reabsorbed in the proximal tubule“®. Since both
glucose and uric acid were reabsorbed in the proximal tubule,
therefore glucose may influence renal uric acid excretion
by regulation of uric acid reabsorption”. Furthermore,
glucose transporter protein-9 (GLUT9), expressed in
human kidney proximal tubules, is a distinct member of the
glucose transporters (GLUT) family, which has a high
capacity for transporting urate and increases the speed of
uric acid reabsorption by glucose transport in humans®®.
Some previous studies clarified that the SLC2A9 variant of
GLUT?9 could exchange extracellular glucose for intracellular
uric acid, suggesting that glucose might influence the function
of GLUT9*. Therefore, we hypothesized that an increase
of glucose in the tubular fluid of reabsorptive transport on
GLUT9 may also influence uric acid reabsorption. Our results
also indicated that high blood pressure was at a 2-fold higher
risk of developing gout in Thai adults.
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Table 2. The association between metabolic parameters and gout

Factors OR 95% CI aOR 95% CI
Age increases every 10 year 1.87 1.53 to 2.28* 1.64 1.29 to 2.07*
Age increases every 5 year 1.36 1.24to 1.51 1.30 1.14 to 1.48*
Men 17.70 8.06 to 38.88*  14.54 6.17 to 34.27*
Body mass index (kg/m?)
25.00 to 29.99 1.88 1.07 to 3.30* 1.33 0.61 to 2.83
>30.00 1.87 0.89to 3.92 1.63 0.58 to 4.55
High fasting glucose 4.71 2.74 to 8.09* 2.16 1.08 to 4.46*
Hypertriglyceridemia 2.74 1.61 to 4.64* 1.35 0.65 to 2.78
Low high-density lipoprotein cholesterol 0.28 0.13 to 0.62* 0.37 0.14 to 1.00
High Blood Pressure 6.06 3.14 to 11.67* 2.01 1.88 to 4.62*

* The p-value less than 0.05 is considered statistically significant

High blood pressure = blood pressure >130/85 mmHg or hypertension medication; Hypertriglyceridemia = triglyceride 2150 mg/
dl; low high-density lipoprotein cholesterol (HDL-C) = HDL-C <40 mg/d in men and <50 mg/d in women; High fasting glucose =
glucose 2100 mg/dl or diabetic medication; Area under receiver operating characteristic (ROC) curve = 88.67%; OR = crude odds
ratio; aOR = adjusted for age and sex

Table 3. The odds ratios for the presence of gout according to age at gout onset

Factors OR 95% CI aOR 95% CI

Older: Age >51 year (n=152)
Body mass index (kg/m?)

25t029.99 1.61 0.80 to 3.23 1.26 0.54 to 2.95

230 2.02 0.77 to 5.34 1.24 0.38 to 4.05
High fasting glucose 2.62 1.34to 5.11* 2.04 1.86 to 4.75*
Hypertriglyceridemia 1.22 0.63 to 2.35 1.01 0.42 to 2.43
Low high-density lipoprotein cholesterol 0.33 0.12 to 0.90* 0.40 0.12to 1.34
High Blood Pressure 3.82 1.65 to 8.85* 2.25 1.83 to 6.09*

Younger: age <51 year (n=118)
Body mass index (kg/m?)

25t029.99 2.89 0.87 t0 9.60 1.24 0.26 to 5.81

=230 2.24 0.48 to 10.46 0.67 0.11 to 4.19
High fasting glucose 4.11 1.28'to 13.20* 1.72 0.43 to 6.86
Hypertriglyceridemia 7.55 2.25to 25.34*  4.42 1.08 to 18.03*
Low high-density lipoprotein cholesterol 0.27 0.06 to 1.22 0.53 0.09 to 3.02
High Blood Pressure 5.05 1.52to 16.79*  2.37 0.51 to 11.04

* The p-value less than 0.05 is considered statistically significant

High blood pressure = blood pressure 2130/85 mmHg or hypertension medication; Hypertriglyceridemia = triglyceride 2150 mg/
d]; Low high-density lipoprotein cholesterol (HDL-C) = HDL-C <40 mg/d in men and <50 mg/d in women; High fasting glucose =
glucose 2100 mg/dl or diabetic medication; In subgroup analysis, Area under receiver operating characteristic (ROC) curve =
81.75% in older group and 81.65% in younger group; OR = crude odds ratio; aOR = adjusted for sex

Our results were able to extend the previous analysis was limited to participants who were Caucasian or
findings that hypertension was associated with gout from  African American. The magnitude of the association,
the population-based Atherosclerosis Risk in Communities — approximately a 2-fold increase in risk, was similar to these
(ARIC) study that was limited to participants of the This previous studies®”. However, hypertension was not
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Table 4. The odds ratios for the presence of gout according to presence of metabolic syndrome and obesity

Factors OR 95% CI aOR 95% CI
Metabolic syndrome (MetS) 4.36 2.52t07.53 2.38 1.20 to 4.72*
GO (-) MetS (-) 1.00 1.00
GO (-) MetS (+) 3.69 1.65 t0 8.26 1.26 0.45 to 3.52
GO (+) MetS (-) 1.23 0.52t0 2.92 0.82 0.29 to 2.30
GO (+) MetS (+) 5.42 2.68t0 10.94 2.78 1.16 to 6.67*

* The p-value less than 0.05 is considered statistically significant

GO = General obesity (defined by BMI >25 kg/m?); Area under receiver operating characteristic (ROC) curve = 87.47%; OR = crude

odds ratio; aOR = adjusted for age and sex

associated with gout in men population®). Hypertension
is the cause of glomerular arteriolar damage and
glomerulosclerosis, which leads to renal insufficiency and
hyperuricemia. However, the directionality of hypertension
and hyperuricemia is currently debated, and it is possible
that the relationship is bi directional®®. Therefore, we are
agreed with a previous study remark that hypertension is
one component of metabolic syndrome, which has been
associated with the development of gout®?.

Our present study has shown that
hypertriglyceridemia was associated with gout in young
adults, but not older adults. This could be due to the
number of cases of gout in older remained low. However,
this present study was consistent with a study in Bangladeshi
and Taiwanese adults“**>. The previous study demonstrating
the possible mechanism that enhanced triglyceride
lipolysis in adipose tissue is speculated to potentiate gout.
An engagement of fatty acids with Toll-like receptor 2
that drives interleukin-1P production via the ASC/caspase
1 pathway has been demonstrated in monosodium urate
monohydrate crystal (MSU) crystal-induced gout®®.
Therefore, we hypothesized that comorbidities may
contribute to the high risk of gout development in young
adults. However, our study shows that no significant
association between different metabolic components with
low high-density lipoprotein cholesterol, overweight and
obesity. Inconsistent with our finding, some previous studies
have also shown the association of gout with
hypertriglyceridemia, low HDL-C, obesity in the
noninstitutionalized United States civilian population®®,
and a positive association was also found between increase
serum uric acid and overweight/obesity®**¥, and low
HDL-C®%4 in different population.

We were the first to find substantial association
between metabolic syndromes, approximately 2-fold, on
gout in Thai adults. A previous large cross-sectional study
showed that the prevalence of the metabolic syndrome in
people with gout was 62.8% compared with 25.4% in people
without gout®. That is, MetS can be used as an important
predictive factor for gout. However, we cannot be possible
to determine a causal relationship between gout and MetS.
Because, this study could not eliminate the potential effects
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of underlying diseases, and dietary habits for these diseases
among participants on the present findings. Thus, it is
possible that residual confounding by these factors may
also affect the MetS and gout link. Further population-based
prospective studies are needed to clarify a cause-effect
relationship between gout and MetS. Furthermore, not
only elevated MetS were associated with an increased risk of
gout, but both general obesity and MetS showed nearly a
3-fold increased risk for gout compared to adults without
conditions. We assumed that general obesity and MetS
may intensify several pathophysiological mechanisms
that are associated with the gout risk and may have
synergistic interactions with causing gout. The mechanisms
of association between obesity-MetS need to explore in the
nearly future.

The current study has some limitations, which
should be considered. Firstly, our findings are based on a
rural community of Thai adults with gout. Future large
independent studies are warranted to further validate our
results. Secondly, our current study suggested that men were
significantly associated with increasing the risk of gout, due
to the large sample size and the relatively even proportion of
men and women remained low (8 cases). Women may have
more delay in diagnosis with gout since the disease is male-
dominant. However, the results from a meta-analysis
revealed®? that risk factors for developing gout did not
typically differ between genders. Therefore, further
investigation and more research into the risk factors for
gout in women are required in a matched case-control study.
In addition, we were not able to collect more detailed
information as this study did not provide information about
environmental factors such as alcohol consumption,
smoking, dietary consumption as well as adiposity
throughout the life course such as waist circumference
(WC), waist to hip ratio (WHR), or waist to height ratio
(WHtR) that could affect gout. Therefore, we should be
investigated in future studies. Finally, environmental factors-
metabolic parameters interaction might also play a significant
role in gout risk, which represents a limitation of our study.
Despite the limitations, this study result would be useful
with respect to public health, because we demonstrated
associations between gout with both MetS parameters and
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general obesity in a Thai adult population-representative
survey database.

Conclusion

In conclusion, our study confirmed that age increase
every 10 years, sex (men), and components of MetS such as
high fasting blood glucose and high blood pressure had
significantly increased risk of gout. The participants with
general obesity with MetS emerged as having one of the
most significant risk factors for developing gout in Thai adults.
Furthermore, older adults with both high fasting blood glucose
and high blood pressure carried strikingly higher risks of
gout compared to those without both conditions, whereas
young adults with hypertriglyceridemia are higher increased.
Accordingly, more attention should be paid to the increased
risk of gout for these population.

What is already known on this topic?

Major significant risk factors for gout include high
fasting blood glucose and high blood pressure.

A combination of obesity and MetS contribute to
the development of gout.

Hypertriglyceridemia have been identified as risk
factors for gout in the middle-aged.

Both high fasting blood glucose and high blood
pressure factors are important risk factors for gout in older
population.

What this study adds?

Future research into interactions between
environmental factors (alcohol consumption, smoking, and
dietary consumption) would expand our understanding of
the epidemiology and pathophysiology of gout. Further
studies with larger sample sizes are needed on adiposity
throughout the life course, waist-to-hip ratio, and weight
changes in relation to gout as there were few studies in the
Thai population. In addition, environmental factors-metabolic
parameters interaction, including interaction between co-
morbidities, might also play a significant role in gout risk,
which represents a limitation of our study.
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