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Abstract: 
Objective: This study aimed to investigate whether the risk of gout was associated with the ABCG2 rs2231142 variant 
and how this was affected by metabolic parameters.
Material and Methods: The subjects were selected from the genetic variations of urate transporter genes in hyperuricemia 
and gout in the Thai population (GUHGTH) study. Overall, 96 participants aged 30-60 years were included in the study. 
Adjusted odds ratio (AORs) of gout was analyzed using multiple logistic regression models and the effects of combinations 
of ABCG2 rs2231142 variants and metabolic parameters on gout were explored.
Results: The TG and TT genotypes of ABCG2 rs2231142 and hyperglycemia were significantly associated with gout risk. 
The risk of gout was significantly increased by the combined association of ABCG2 rs2231142 and metabolic parameters 
obesity and hyperglycemia for the TG and TT genotypes compared to the GG genotype (wild-type genotype).
Conclusion: In conclusion, the ABCG2 rs2231142 variant was found to be a genetic risk factor for gout in Thai men. 
Obesity and hyperglycemia combined with the ABCG2 rs2231142 risk allele contributed to an increase in the risk of gout. 
Further case-control studies with larger sample sizes should be performed to confirm the combinations of the ABCG2 
rs2231142 variant, obesity, and hyperglycemia on the risk of gout.
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Introduction
 Gout, which is the most common form of inflammatory 
arthritis1, is caused by the deposition of monosodium urate 
crystals in and around the joints2. Several studies have 
reported that the prevalence rate of gout is increasing 
rapidly in various populations1,3-6. Epidemiological research 
has reported that men have higher serum uric acid levels 
and gout risk than women7. Epidemiological studies have 
found that socioeconomic factors4, dietary factors1,4,8-10, and 
genetic factors4 are important in determining the risk of gout.  
Additionally, metabolic syndrome parameters (e.g., obesity11, 
hypertension10,12, insulin resistance13,14, and dyslipidemia15-18) 
have also been related to gout. The previous genome-wide 

association studies demonstrated that genetic variations 

in the ATP-binding cassette, subfamily G, member 2 

(ABCG2) were strongly related to hyperuricemia (HUA) 

and an increased risk of gout19. The ABCG2 rs2231142 

variant is a high-capacity urate transporter that excretes 

uric acid20. The ABCG2 rs2231142 variant is more strongly 

associated with both HUA and gout in the Asian population 

compared to the European population21-27. These various 

findings indicate that the ABCG2 rs2231142 variant may 

have specific and essential functions in the pathology of 

patients with gout20. However, an association between the 

ABCG2 rs2231142 variant and gout has not been studied 
in Thai men. Therefore, this study was undertaken to study 
the association between gout and the ABCG2 rs2231142 

variant and how this is affected by metabolic parameters 

in Thai men.

Material and Methods
 Data source and study population

 A matched case-control study was performed using 

the GUHGTH study (approval number MEDSWUEC-
148/60E). The participants enrolled in the study were Thai 
men aged 18-80 years with and without gout. All 77 gout 

cases had been diagnosed with gout according to the Rome 
criteria28 at the HRH Princess Maha Chakri Sirindhorn 

Medical Center (MSMC), Nakhon Nayok, Thailand. As 
a comparative group, 68 subjects without a history of 
gout and hyperuricemia were also enrolled. We randomly 
matched gout-free controls according to age (±10 years) 
to the gout patients. The exclusion criteria included an 
age mismatch and genotyping quality control failure. The 
subjects with cardiovascular disease, kidney disease or 
kidney dysfunction, cancer, stress and anxiety, and drug-
induced hyperuricemia and gout were also excluded. Finally, 
a total of 96 subjects (48 who had gout and 48 control 
subjects) were matched and included in the study. 

 Measurement of genotyping, clinical, and bio-

chemical data

 Genotyping information, demographic information, 

physical examination results (body mass index (BMI) and 

blood pressure (BP, mmHg)), and biochemical reports 

including total cholesterol (TC), triglycerides (TG), high- and 

low-density lipoprotein cholesterol (HDL-C and LDL-C), 

fasting plasma glucose (FPG), and serum uric acid (SUA), 

were collected from the GUHGTH study. The DNA blood 

samples from the GUHGTH study participants were 

genotyped using TaqMan SNP Genotyping Assays (Applied 

Biosystems, USA) to detect single nucleotide polymorphisms 

(SNPs), particularly, the rs2231142 variant of the ABCG2 
gene. All available data were achieved from the GUHGTH 

study, which collected specimens and information in a 

complete and standardized procedure to fit researchers’ 
needs in the study.
 BMI was measured by dividing the weight in 

kilograms (kg) by the height in meters squared (m2). Obesity 
was defined as BMI ≥23 kg/m2. Hypertension was defined 

as BP ≥130/85 mmHg or being on medicine to treat high 

BP. Hyperlipidemia was defined as TC ≥ 200 mg/dL, TG ≥ 
150 mg/dL, and HDL <40 mg/dL in men or <50 mg/dL in 
women or being on medication. Suspected diabetes mellitus 

was defined as FPG ≥100 mg/dL or being on medication.
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 Statistical analysis 

 The collected data were analyzed using STATA 
version 14. Descriptive statistics were used for all variables. 
Genotype and allele distributions for polymorphisms were 
determined by the Hardy-Weinberg equilibrium using 
SNPStats (https://www.snpstats.net/start.htm). Adjusted 
odds ratios (AORs) and their 95% confidence interval (95% 
CIs) of metabolic parameters (obesity and lipid profile) 
and ABCG2 rs2231142 variant on gout were calculated by 
a multiple conditional logistic regression model. Multiple 
logistic regression models were also used for evaluating the 
effect of combinations of ABCG2 rs2231142 and metabolic 
parameters on gout. Genetic associations between the 
ABCG2 rs2231142 genotypes and gout were analyzed using 
dominance analysis. The statistical significance was set at 
p-values of less than 0.05.

Results
 A total of 96 subjects were recruited and matched 
in the study. As shown in Table 1, the characteristics of 
the subjects, including age, BMI, diastolic BP, TG, HDL-C, 
FPG, LDL-C, and SUA, were not significantly different 
between the gout cases and the control subjects. However, 

the systolic blood pressure in the gout cases was higher 
than that in the controls, and total cholesterol was lower.  
The ABCG2 rs2231142 genotype frequencies among the 
gout cases were 21.0% (TT), 52.0% (TG), and 27.0% (GG), 
while the ABCG2 rs2231142 genotype frequencies in the 
control subjects were 2.0% (TT), 33.0% (TG), and 65.0% 
(GG). The distribution of the minor ABCG2 rs2231142 T 
allele was 47.0% of the gout cases compared with 19.0% 
of the control subjects (Table 2). 
 Multivariate analysis found that the number of 
subjects who carried the mutant ABCG2 rs2231142 (TG-
TT) variant and had hyperglycemia was significantly higher 
in the gout cases (Table 3). As shown in Table 4, the risk 
of gout was increased by the combinations of the ABCG2 
rs2231142 TG-TT genotypes and obesity. Our study also 
found that the combinations of the ABCG2 rs2231142 
TG-TT genotypes and hyperglycemia were associated 
with gout in Thai men. We also found that obese subjects 
carrying the ABCG2 rs2231142 TG-TT genotypes had a 
higher risk of gout than nonobese subjects carrying the 
ABCG2 rs2231142 TG-TT genotypes. Also, hyperglycemia 
subjects carrying the ABCG2 rs2231142 TG-TT genotypes 
had a higher risk of gout than those subjects with normal 

Table 1 Anthropometric and laboratory findings of study subjects 

Parameter Gout (n=48) Mean±(S.D.) Non-gout (n=48) Mean±(S.D.)

Age (years) 57.94±(12.23) 54.58±(14.64)
BMI (kg/m2) 26.20±(5.00) 24.95±(3.58)
SBP (mmHg) 141.42±(17.74) 131.67±(12.22)
DBP (mmHg) 83.21±(11.68) 81.92±(10.04)
Total cholesterol (mg/dL) 186.67±(56.92) 202.27±(41.88)
Triglycerides (mg/dL) 166.04±(64.19) 145.89±(81.80)
HDL-C (mg/dL) 50.79±(23.73) 54.14±(10.62)
LDL-C (mg/dL) 101.57±(49.19) 121.21±(37.35)
FPG (mg/dL) 108.06±(18.82) 110.77±(48.43)
SUA levels (mg/dL) 6.28±(2.27) 6.47±(1.19)

BMI=body mass index, SBP=systolic blood pressure, DBP=diastolic blood pressure, HDL-C=high-density lipoprotein cholesterol, LDL-C=low-
density lipoprotein cholesterol, FPG=fasting plasma glucose, SUA=serum uric acid, S.D.=standard deviation
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FPG carrying the ABCG2 rs2231142 TG-TT genotypes. In 
contrast, no significant combinations which were associated 

with gout were found between the ABCG2 rs2231142 TG-
TT genotypes and high TG, low HDL-C, and high BP.

Table 2 Genotype and allele distributions of study subjects

SNPs Genotype or allele Gout (n=48), 
n (%)

Non-gout (n=48), 
n (%)

p-value for HWE* 

ABCG2-rs2231142
G/G 13 (27.0) 31 (65.0) 0.820
G/T 25 (52.0) 16 (33.0)
T/T 10 (21.0) 1 (2.0)
G/T-T/T 35 (73.0) 17 (35.0)
Allele, G (%) 51 (53.0) 78 (81.0)
Allele, T (%) 45 (47.0) 18 (19.0)

HWE=Hardy-Weinberg equilibrium test, SNPs=single-nucleotide polymorphisms
*Chi-square test

Table 3 Associations between ABCG2 rs2231142 and metabolic parameters in gout in study subjects

Factor OR 95% CI AOR 95% CI

rs2231142
G/G 1.00
G/T-T/T 3.57 1.54-8.26 3.53 1.16-10.71

Body mass index (BMI)
Normal 1.00
High (≥23 kg/m2) 1.80 0.83-3.90 1.95 0.77-4.89

Fasting plasma glucose (FPG)
Normal 1.00
High (≥100 mg/dL) 5.00 1.71-14.63 3.86 1.27-14.50

Triglycerides (TG)
Normal 1.00
High (≥150 mg/dL) 1.89 0.84-4.24 1.31 0.48-3.62

High-density lipoprotein cholesterol (HDL-C)
Normal 1.00
Low 0.57 0.17-1.95 0.62 0.15-2.50

Blood pressure(BP)
Normal 1.00
High (≥130/85 mmHg) 1.04 0.87-1.19 1.31 0.89-1.62

CI=confidence interval, OR=odds ratio, AOR=adjusted odds ratio using a multiple conditional logistic regression model
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Table 4 Combinations of metabolic parameters and ABCG2 rs2231142 variant 

Genotype Metabolic parameter OR 95% CI AOR 95% CI

rs2231142 Obesity
G/G Non-obesity 1.00
G/G Obesity 3.26 0.64-6.51 1.65 0.19-14.23
G/T-T/T Non-obesity 5.61 1.00-11.49 4.49 1.42-7.64
G/T-T/T Obesity 13.82 2.41-17.36 12.96 1.34-15.14
rs2231142 Hyperglycemia
G/G Non- Hyperglycemia 1.00
G/G Hyperglycemia 10.60 1.11-15.75 8.83 0.89-8.92
G/T-T/T Non-hyperglycemia 7.18 0.84-10.77 9.40 1.72-12.77
G/T-T/T Hyperglycemia 9.76 4.44-15.51 10.51 3.95-16.65
rs2231142 Triglycerides (TG)
G/G Normal TG 1.00
G/G High TG 3.15 0.61-16.28 1.38 0.11-17.10
G/T-T/T Normal TG 5.39 1.02-8.60 11.36 0.85-15.18
G/T-T/T High TG 11.27 2.15-15.96 7.10 0.58-8.09
rs2231142 High-density lipoprotein cholesterol (HDL-C)
G/G Normal HDL-C 1.00
G/G Low HDL-C 0.67 0.64-11.50 0.87 0.65-11.49
G/T-T/T Normal HDL-C 3.62 0.24-5.18 3.63 0.24-5.18
G/T-T/T Low HDL-C 3.03 0.23-4.56 3.02 0.22-4.56
rs2231142 Blood Pressure (BP)
G/G Normal BP 1.00
G/G High BP 6.80 0.35-9.12 5.71 0.64-8.92
G/T-T/T Normal BP 3.31 0.43-8.78 4.34 0.56-9.38
G/T-T/T High BP 1.70 0.35-10.21 2.61 0.78-8.42

CI=confidence interval, OR=odds ratio, AOR=adjusted odds ratio using a multiple conditional logistic regression model

Discussion
 Gout is caused by multiple genetic and environmental 
factors4. The ABCG2 gene is a high-capacity urate 

transporter that excretes uric acid from the tubules leading 

to lowered renal clearance of urate20,29. Previous studies 
have demonstrated that many genetic variations in the 
ABCG2 gene are involved in the pathogenesis of gout19,21,30, 

especially the ABCG2 rs2231142 TG-TT genotypes, which 
have been significantly related to gout in various populations, 

including the Chinese Han population31, the genetics of 

gout in Aotearoa study32,  the population architecture 
from genomics and epidemiology (PAGE) study33, and the 
Framingham and Rotterdam cohort20. In this present study, 

we confirmed that the ABCG2 rs2231142 TG-TT genotypes 
are associated with a high risk of gout in a study of Thai 

men. This is consistent with a European study34 which found 

that men with the ABCG2 rs2231142 T allele had a higher 
frequency of gout than those with the GG allele. Additionally, 

our study found that hyperglycemia was also associated 

with gout due to the SUA levels having a positive effect on 
blood glucose35. One study suggested that high uric acid 
levels could impair the insulin signaling pathway36. One 

study reported that higher uric acid levels were associated 
with diabetes mellitus, obesity, metabolic syndrome, and 

nonalcoholic fatty liver disease37. Hyperuricemia can lead not 

only to gout but has also been associated with metabolic 

syndrome components38. However, our recent study (Table 

3) has suggested that high BMI, TG, HDL-C, and BP were 
not associated with an increased risk of gout, but contrary 

findings have been demonstrated in other studies. High 
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BMI10,11, TG11, and High BP10 were associated with the risk 

of incident gout. lipid profile, including TG and HDL-C, were 

independently associated with hyperuricemia15-18.

 Our study is the first to find substantial combinations 

between genotypes and metabolic parameter factors 

affecting gout in Thai men. The results indicated that 

the combinations of rs2231142 TG-TT genotypes and 

the metabolic parameters of obesity and hyperglycemia 

increased the risk of gout in these men. This risk probably 

results from the biochemical combinations of the ABCG2 

rs2231142 variant with serum glucose, which causes 

hyperglycemia and obesity; obesity increases various 

cytokines, including proinflammatory molecules, tumor 

necrosis factor-α, and interleukin-639-40, and purine meta-

bolism, which causes hyperuricemia leading to gout36,40. 

This may reflect a positive correlation between BMI or FPG 

status with the rs2231142 TG-TT genotypes and its chronic 

complications found through pathogenesis studies. This is 

a combined effect of genetic and metabolic factors on gout 

risk. 

 Some limitations of the study must be noted. Firstly, 

our results are based on a small number of men aged 18-

60 years with gout. Further large independent studies are 

needed to validate our findings. Also, women should be 

included to observe the sex difference effect. Secondly, only 

the rs2231142 variant of ABCG2 was studied, and gene-

gene interactions with other genes should be examined in 

future studies. Other environmental factors may also play an 

important role in gout risk. Therefore, other environmental 

factors such as alcohol use, tobacco use, and dietary intake, 

should be included in the analysis of gene-environment 

interactions.

Conclusion
 In summary, our study confirms that the rs2231142 

variant is a likely potential genetic factor in susceptibility 

to gout occurrence. Our study also found that obesity 

and hyperglycemia combined with the rs2231142 TG-TT 

genotypes were associated with the presence of gout in 

Thai men. Understanding the effect of these combinations 

may enable better treatment and prognosis of gout patients. 

Therefore, body weight control and reduction in BMI and 

fasting plasma glucose levels are recommended in high-

risk patients with the ABCG2 rs2231142 variant.
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