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ABSTRACT

Background: Gout is a type of inflammatory arthritis caused by monosodium urate crystal 
deposits, and the prevalence of this condition has been increasing. This study aimed to 
determine the combined effects of genetic risk factors and lifestyle habits on gout, using data 
from a Korean cohort study. Identifying high-risk individuals in advance can help prevent 
gout and its associated disorders.
Methods: We analyzed data from the Korean Genome and Epidemiology Study-Urban Health 
Examinees cohort (KoGES-HEXA). Genetic information of the participants was collected 
at baseline, and gout cases were identified based on patient statements. The polygenic risk 
score (PRS) was calculated using nine independent genome-wide association study datasets, 
and lifestyle factors and metabolic syndrome status were measured for each participant using 
the KoGES. Logistic regression models were used to estimate the odds ratios (ORs) for gout 
in relation to genetic risk, lifestyle habits, and metabolic health status, after adjusting for age 
and sex.
Results: Among 44,605 participants, 617 were diagnosed with gout. Gout was associated 
with older age, higher body mass index, and higher prevalence of hypertension, diabetes, 
and hypertriglyceridemia. High PRS, unfavorable lifestyle habits, and poor metabolic profiles 
were significantly associated with an increased risk of gout. Compared with that in the 
low-genetic-risk and healthy lifestyle group or ideal metabolic profile group, the risk of gout 
was increased in the high-genetic-risk plus unfavorable lifestyle (OR, 3.64; 95% confidence 
interval [CI], 2.32–6.03) or poor metabolic profile (OR, 7.78; 95% CI, 4.61–13.40) group. 
Conversely, adherence to favorable lifestyle habits significantly reduced gout risk, especially 
in high-genetic-risk groups.
Conclusion: Genetic predisposition and unhealthy lifestyle habits significantly increase the 
risk of gout. Promoting healthy lifestyle habits is crucial to prevent the development of gout, 
particularly in individuals with high genetic susceptibility.
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INTRODUCTION

Gout is a type of inflammatory arthritis in which monosodium urate crystals are deposited 
in various tissues. The prevalence of gout has been increasing in Korea owing to rapid 
aging, lifestyle changes, and increased incidence of metabolic syndrome (MetS).1 In fact, 
a Korean study revealed that the prevalence of gout increased by approximately five-fold 
over approximately a decade (from 0.39% in 2002 to 2.01% in 2015).2 Gout is associated 
with several disorders, such as hypertension, hyperlipidemia, chronic kidney disease, and 
cardiovascular disease. Therefore, individuals at high risk of developing gout should be 
identified in advance to prevent the development of gout and its comorbidities.

Genetic risk prediction is a useful method for identifying individuals at high risk for a certain 
disease. Because gout is a chronic metabolic disorder, genetic information should include 
the total number of genetic variants rather than a single variant. The polygenic risk score 
(PRS) is the sum of the estimated effects of several genetic variants on a specific phenotype 
or disease. The PRS is calculated by computing the sum of the risk alleles possessed by an 
individual, weighted by the risk allele effect sizes, as estimated via a genome-wide association 
study (GWAS) on the phenotype.3 The PRS is widely used as a marker of genetic risk for 
major chronic diseases. However, many studies using the PRS have mainly been conducted 
on Caucasians of European ancestry. A recently published study revealed that 67% of 
studies using the PRS were exclusively conducted with populations of European ancestry, 
19% included East Asian ancestry, and only 3.8% included African, Hispanic, and other 
populations.4 To improve the versatility of the PRS, studies targeting more diverse ancestries 
should be actively conducted. Therefore, we designed this study to develop a gout PRS for 
Asian populations, using a Korean genome database.

In addition to genetic susceptibility, lifestyle habits, such as alcohol consumption, smoking, 
diet, and physical activity, play an important role in the development of gout. Although 
genetic susceptibility cannot be altered, lifestyle habits are important because they are 
modifiable. Preventive medicine is an effective strategy to reduce the rapidly increasing 
prevalence of gout. By identifying patients at high risk for gout using the gout PRS and 
lifestyle factors, individuals can be encouraged to modify their lifestyle, ultimately reducing 
the risk of developing gout and its complications. Accordingly, we investigated the combined 
effects of genetic and lifestyle factors on the risk of gout using Korean cohort data and 
determined whether adherence to favorable lifestyles can reduce the risk of gout.

METHODS

Data
This study included participants from the Korean Genome and Epidemiology Study-Urban 
Health Examinees cohort (KoGES-HEXA). Genetic information was collected at baseline. 
Gout cases were identified as those diagnosed either at baseline (2004–2013) or at the first 
follow-up (2012–2016) based on their statements. Epidemiological data were obtained at the 
first follow-up of the individuals diagnosed with gout. Epidemiological data, including age, 
sex, lifestyle habits, and MetS status, were collected at baseline and the first follow-up.
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Assessment of lifestyle factors and MetS
Lifestyle was assessed based on five factors: current smoking status (non or past smoker = 1,  
current smoker = 0), current alcohol consumption (non-drinker = 1, current drinker = 0), 
obesity defined by body mass index (BMI, BMI < 25 kg/m2 = 1, BMI ≥ 25 kg/m2 = 0), regular 
exercise (number of vigorous activities ≥ 3 days per week = 1, number of vigorous activities  
< 3 days per week = 0), and eating habits (healthy eating habits = 1, non-healthy eating habits 
= 0). Each factor was assigned a score that was then summed to create a total lifestyle score 
for each participant. Collectively, lifestyle behaviors were categorized into three groups: 
unfavorable (0–1 healthy lifestyle factor), intermediate (2 healthy lifestyle factors), and 
favorable (≥ 3 healthy lifestyle factors).5 Detailed components of the lifestyle score and field 
ID of KoGES are displayed in Supplementary Table 1. MetS factors were assessed based on 
waist circumference (≥ 90 cm for males and ≥ 85 cm for females), hypertriglyceridemia  
(≥ 150 mg/dL), low high-density lipoprotein levels (male < 40 mg/dL, female < 50 mg/dL), 
high fasting plasma glucose levels (≥ 110 mg/dL), and high blood pressure (BP) levels  
(systolic BP ≥ 130 mmHg or diastolic BP ≥ 85 mmHg). Metabolic health status was 
categorized into three groups: ideal (0 MetS factors), intermediate (1–2 MetS factors), and 
poor (≥ 3 MetS factors). Detailed components of the MetS score and field ID of the KoGES are 
shown in Supplementary Table 2.

Genotype data quality control (QC) and imputation
Several filtering steps were implemented to ensure data integrity during the pre-imputation 
QC phase. Initially, duplicate variants and those with genotyping rates < 98% were removed. 
To assess familial relationships, we filtered out the samples that exhibited second-degree genetic 
relatedness. Variants that did not meet the Hardy-Weinberg equilibrium (P value < 1e-06) and  
those classified as rare (minor allele frequency [MAF] < 0.01) were excluded from the analysis.  
Sex chromosomal variants were subjected to QC measures only in females. Samples with 
a genotyping rate of < 95% were further excluded, and outliers were identified based on 
heterozygosity and genotyping rates by applying a threshold of greater than five standard 
deviations for each criterion. Patients with discordant genetic data or self-reported sex were 
excluded. An in-sample principal component analysis was conducted to exclude population 
outliers exceeding five standard deviations in either the first or second principal components. 
Both variants and samples were filtered based on a genotyping rate of 98% and relatedness 
up to the second degree. All QC processes were conducted using the PLINK6 and PLINK27 
software, which are standard tools for genetic data analysis. Following pre-imputation QC, 
we advanced to the genotype imputation phase. We used Eagle v2.4 for pre-phasing and 
Minimac4 for the imputation process. The Korean Imputation Service Phase 1 panel, which 
includes data from 4,799 individuals and is based on the GRCh37/hg19 genome assembly, 
was employed as the reference panel.8 For the imputed genotype data, we retained variants 
exhibiting an imputation quality score (R2) greater than 0.8. In addition, we selected variants 
with an MAF of at least 0.01. Only single-nucleotide polymorphisms (SNPs) located in the 
autosomal regions were included in the analysis.

PRS calculation
To calculate the PRS, we used genetic association data from various GWAS and PRS studies as 
the base data and specifically targeted gout-related phenotypes. The selected studies included 
the gout phenotype results (“M13_GOUT” and “GOUT_STRICT”) in the FinnGen project 
(freeze 9; https://r9.finngen.fi/), data from CKDGen,9 and studies referred to as CER10 and 
NCOMMS.11 In our study, the FinnGen results are referred to as Finngen_M13_GOUT and 
Finngen_GOUT_STRICT. Additional studies were collected from Polygenic Score (PGS) 
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Catalogs (https://www.pgscatalog.org/) (PGS IDs: PGS000199,12 PGS002307,5 PGS002762,13 
PGS000711,14 PGS001248,15 PGS001822,16 PGS002030,16 and PGS00332917). For studies not 
involving PGS catalogs, SNPs for PRS calculations were selected using the PRSice clumping 
and thresholding (C + T) method implemented in PLINK2. Details of the selected SNPs are 
provided in Supplementary Table 3. The PRS for each sample was calculated as the cosine 
product of the effect sizes of the selected SNPs and genotypes in the sample.

	
PRS =  ∑ 𝛽𝛽𝑖𝑖𝑔𝑔𝑖𝑖

𝑀𝑀

𝑖𝑖=1
 

where M is the number of selected SNPs, βi is the effect size of SNP i, and gi is the genotype of 
SNP i in the sample, recorded as 0, 1, or 2 according to the number of risk-increasing alleles.

Of the 13 datasets, nine (Finngen_M13_GOUT, CKDGen, CER, PGS002762, PGS000711, 
PGS001248, PGS001822, PGS002030, and PGS003329) showed significant differences in the 
PRS between gout cases and controls based on the t test (P value < 0.05).

Statistical analysis
For genetic analysis, we calculated the average effect size of each allele of SNPs identified in 
the GWAS or those used in the PRS studies.

	
Average effect size of SNP =  

∑ 𝛽𝛽𝑗𝑗𝑁𝑁
𝑗𝑗 = 1
𝑁𝑁  

where N is the number of datasets containing the SNP and βj is the effect size of the SNP in 
dataset j. The final PRS for each sample was calculated as the cosine product of the average 
effect sizes of SNPs and genotypes in the sample. The baseline characteristics of the study 
population were compared according to the gout status using the t test for continuous 
variables and the χ2 test for categorical variables. The PRS for gout risk was categorized into 
three groups (low, middle, and high, representing the lowest, middle, and highest tertiles, 
respectively) according to genetic risk. Logistic regression models were used to estimate 
the odds ratios (ORs) and 95% confidence intervals (CIs) of gout in relation to genetic risk, 
lifestyle habits, and MetS profiles after adjusting for age and sex. To evaluate the interaction 
among PRS, lifestyle habits, and MetS status, ORs and 95% CI for gout risk were calculated 
using multiple logistic regression after adjusting for age and sex. All analyses were performed 
using R version 4.2.0. All P values were two-sided, and statistical significance was set at 0.05.

Ethics statement
This study was approved by the Institutional Review Board of Kangwon National Hospital 
and the requirement for informed consent was waived (IRB No. 2023-06-012-002). This study 
complied with the Declaration of Helsinki of the World Medical Association.

RESULTS

Baseline characteristics of the study population
The baseline characteristics of the study population are presented in Table 1. Among the 
44,605 participants, 617 had gout and 43,988 served as controls. A higher proportion of 
males had gout than females (84.44% vs. 34.29%, P < 0.001). Gout was also associated 
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with older age (58.00 vs. 54.00, P < 0.001) and higher BMI (25.00 vs. 23.69, P < 0.001). 
The proportions of current smokers, current drinkers, and regular exercisers were higher 
in the gout group than in the control group. The prevalences of hypertension, diabetes 
mellitus, and hypertriglyceridemia were higher in the gout group than in the control group. 
A high genetic risk (50.73% vs. 33.09%, P < 0.001), unfavorable lifestyle habits (45.38% vs. 
30.38%, P < 0.001), and poor MetS profiles (12.48% vs. 10.03, P < 0.001) were found in more 
individuals in the gout group than in the control group.

Gout risk according to genetic risk, lifestyle habits, and MetS
Fig. 1. shows the risk of gout according to genetic risk (Fig. 1A), lifestyle habits (Fig. 1B), and 
MetS profiles (Fig. 1C). Based on the logistic regression analysis, the OR for gout was 2.68 
(95% CI, 2.17–3.32) for participants with a high genetic risk compared to those with a low 
genetic risk (Fig. 1A). The ORs of gout were 1.38 (95% CI, 1.07–1.80) for participants with 
intermediate lifestyle habits and 1.70 (95% CI, 1.31–2.23) for participants with unfavorable 
lifestyle habits compared to those with favorable lifestyle habits (Fig. 1B). The ORs of gout 
were 1.70 (95% CI, 1.41–2.08) for participants with an intermediate MetS profile and 2.89 
(95% CI, 2.16–3.85) for participants with a poor MetS profile compared to those with the 
ideal MetS profile.

Effects of the interaction between lifestyle factors and genetic risk on gout
We investigated the combined effects of gout PRS, lifestyle habits, and MetS profile on the 
development of gout (Fig. 2). In the low- and middle-genetic-risk group, the risk of gout was 
not significant for participants with unfavorable lifestyle habits (OR, 1.28; 95% CI, 0.78–2.20 
in the low-genetic-risk group; OR, 1.57; 95% CI, 0.96–2.66 in the middle-genetic-risk group). 
However, the ORs of gout were 2.80 (95% CI, 1.79–4.65) and 3.64 (95% CI, 2.32–6.03) 
for individuals with high genetic risk and intermediate and unfavorable lifestyle factors, 
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Table 1. Baseline characteristics of participants
Characteristics Control (n = 43,988) Gout (n = 617) P value
Demographic factors

Male 15,084 (34.3) 521 (84.4) < 0.001
Age, yr 54 ± 8.02 58 ± 7.74 < 0.001
BMI, kg/m2 23.69 ± 2.87 25.00 ± 2.90 < 0.001

Lifestyle and comorbidities
Current smoker 1,143 (2.6) 35 (5.7) < 0.001
Current drinker 19,349 (44.0) 417 (67.6) < 0.001
Regular exerciser 9,325 (21.2) 155 (25.1) 0.021
Hypertension 6,417 (14.6) 148 (24.0) < 0.001
Diabetes mellitus 11,294 (25.7) 256 (41.5) < 0.001
Hypertriglyceridemia 11,249 (25.6) 286 (46.4) < 0.001

Genetic risk < 0.001
Low 14,744 (33.5) 124 (20.1)
Middle 14,688 (33.4) 180 (29.2)
High 14,556 (33.1) 313 (50.7)

Lifestyle index < 0.001
Favorable 10,905 (24.8) 76 (12.3)
Intermediate 19,719 (44.8) 261 (42.3)
Unfavorable 13,364 (30.4) 280 (45.4)

Metabolic syndrome < 0.001
Ideal 16,371 (37.2) 139 (22.5)
Intermediate 23,206 (52.8) 401 (65.0)
Poor 4,411 (10.0) 77 (12.5)

Values are presented as number (%) or median ± standard deviation.
BMI = body mass index.



respectively, compared to those with low genetic risk and favorable lifestyle habits (Fig. 2A). 
Joint effect analysis of genetic risk and MetS revealed similar patterns (Fig. 2B). A poor MetS 
profile did not significantly increase the risk of gout in the low-genetic-risk group (OR, 2.20; 
95% CI, 0.96–4.61) but significantly increased the risk of gout in the middle- and high-
genetic-risk groups (OR, 7.33; 95% CI, 4.30–12.60 in the middle-genetic-risk group; OR, 7.78; 
95% CI, 4.61–13.40 in the high-genetic-risk group) compared to that in the groups with low 
genetic risk and ideal MetS profile.

Impact of modifiable lifestyle factors on the risk of gout
Fig. 3. shows the changes in gout risk after modifying lifestyle behaviors and metabolic 
health status. In the high-genetic-risk group, the OR for gout was 0.55 (95% CI, 0.38–0.78) in 
participants with favorable lifestyle habits, with unfavorable lifestyle as the reference (Fig. 3A). 
Adherence to lifestyle habits may reduce the risk of gout by 45%. A risk-reduction effect 
was also observed in the middle- and low-genetic-risk groups by modifying lifestyle habits. 
These trends were also observed in metabolic health profiles. Using the poor MetS profile 
as a reference, the OR for gout was 0.48 (95% CI, 0.32–0.74) for individuals with an ideal 
MetS profile in the high-genetic-risk group (Fig. 3B). By shifting MetS from a poor to an ideal 
status, the risk of gout was reduced by 52% in the high-genetic-risk group, and this effect was 
observed in the middle- and low-genetic-risk groups.
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1.70 (1.41−2.08)

2.89 (2.16−3.85)
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9.46e−08

4.22e−13Poor metabolic syndrome
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Ideal metabolic syndrome
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OR (95% CI)

C Metabolic syndrome subgroup OR (95% CI) P value

1.38 (1.07−1.80)

1.70 (1.31−2.23)

Reference

1.53e−02

8.09e−05

0 0.5 1.0 1.5 2.0 2.5
OR (95% CI)

Unfavorable lifestyle

Intermediate lifestyle

Favorable lifestyle

B Lifestyle subgroup OR (95% CI) P value

1.47 (1.17−1.86)

2.68 (2.17−3.32)

Reference

1.05e−03

5.91e−20

0 1 2 3 4
OR (95% CI)

High genetic risk

Middle genetic risk

Low genetic risk

A Genetic risk subgroup OR (95% CI) P value

Fig. 1. ORs and 95% CIs for gout according to genetic risk (A), lifestyle (B), and metabolic status (C). 
OR = odds ratio, CI = confidence interval.



DISCUSSION

In this study, we investigated the combined effects of genetic risk, lifestyle, and metabolic 
health on the risk of gout. The risk of gout was the highest in participants with a high 
genetic risk, unfavorable lifestyle, or poor MetS status. Several studies have assessed the 
interaction between the genetic risk of gout and lifestyle habits in the development of gout. 
A study using the UK Biobank data revealed that the risk of gout increased in participants 
with middle and high PRS plus unfavorable lifestyle habits than in those with low PRS and 
a favorable lifestyle.5 Another study with European and Polynesian cohort data revealed that 
the gout PRS, calculated using 19 genetic variants, was associated with earlier age at onset 
and tophaceous gout in men.17 Traditionally, diet habits are closely associated with the 
incidence of gout. Sugar-sweetened beverage consumption and SLC2A9 genotype have been 
reported to increase the risk of gout in New Zealand and Europe.18 Based on another study 
using UK Biobank data, ultra-processed food is related to a higher risk of gout, particularly in 
participants with high genetic susceptibility.19
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Fig. 2. ORs and 95% CIs for gout based on the interaction between genetic risk and lifestyle habits (A) and between genetic risk and metabolic status (B). 
OR = odds ratio, CI = confidence interval.



Previous studies on the PRS have mainly included Caucasians of European ancestry. 
Therefore, more studies comprising other ethnic groups should be conducted to improve 
the predictability and generalizability of the PRS. Recently, PRS studies have been actively 
conducted not only in Europe but also in Asia. According to a Chinese study, a meat dietary 
pattern and ABCG2 phenotype were associated with hyperuricemia in a Chinese cohort.20 
A Taiwanese study reported that genetic score, including the urate transporter gene, and 
alcohol use could predict gout and tophi occurrence.21 Korean data were also obtained from 
the same database KoGES used in this study. Jeon and Yoo22 reported that genetic factors 
interact with lifestyle habits in incident gout; however, their analysis differed from that 
performed in this study in several respects. They calculated the PRS from 15 SNPs in the 
healthy examinee database; however, in the present study, the PRS was derived from nine 
independent GWAS databases. In addition, Jeon and Yoo22 used only a few lifestyle factors 
(exercise, drinking, and smoking) for their analysis, whereas we used a structured lifestyle 
scoring system and MetS score. We also showed that the risk of gout could be lowered by 
adjusting lifestyle habits.
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OR (95% CI)

A Genetic risk
for gout Lifestyle subgroup

No. of event/
Total No.

OR (95% CI) P value

High genetic risk

Middle genetic risk

Low genetic risk

137/6,643

40/3,703

154/4,523

0.77 (0.61−0.98)

0.55 (0.38−0.78)

Reference

3.33e−02

1.11e−03

69/4,537

77/6,694

16/3,637

0.43 (0.32−0.57)

0.43 (0.32−0.57)

0.22 (0.12−0.35)

1.19e−08

3.36e−09

1.04e−08

57/4,584

47/6,643

20/3,641

0.35 (0.26−0.48)

0.25 (0.18−0.34)

0.27 (0.17−0.43)

3.83e−11

2.34e−16

1.02e−07

0 0.5 1.0 1.5 2.0

Favorable lifestyle

Intermediate lifestyle

Unfavorable lifestyle

Favorable lifestyle

Intermediate lifestyle

Unfavorable lifestyle

Favorable lifestyle

Intermediate lifestyle

Unfavorable lifestyle

Absolute
risk (%)

2.06

1.08

3.4

1.52

1.15

0.44

1.24

0.71

0.55

0 0.5 1.0 1.5 2.0

OR (95% CI)

B Genetic risk 
for gout

Metabolic syndrome subgroup
No. of event/

Total No.
OR (95% CI) P value

High genetic risk

Middle genetic risk

Low genetic risk

198/7,880

80/5,384

35/1,605

0.67 (0.47−0.99)

0.48 (0.32−0.74)

Reference

3.75e−02

5.36e−04

33/1,452

112/7,930

35/5,486

0.94 (0.57−1.54)

0.37 (0.25−0.56)

0.19 (0.12−0.31)

8.10e−01

7.73e−07

2.09e−11

9/1,431

91/7,797

24/5,640

Absolute
risk (%)

2.51

1.49

2.18

2.27

1.41

0.64

0.63

1.17

0.43

0.28 (0.13−0.57)

0.30 (0.20−0.45)

0.13 (0.07−0.22)

8.55e−04

3.72e−09

3.27e−14

Ideal metabolic syndrome

Intermediate metabolic syndrome

Poor metabolic syndrome

Ideal metabolic syndrome

Intermediate metabolic syndrome

Poor metabolic syndrome

Ideal metabolic syndrome

Intermediate metabolic syndrome

Poor metabolic syndrome

Fig. 3. Forest plot for gout risk reduced by lifestyle habits (A) and metabolic health status (B) in the genetic risk group. 
OR = odds ratio, CI = confidence interval.



In the present study, we opted to use the average effect size of each effect allele of the selected 
SNPs rather than classic meta-analysis methods, such as inverse variance weighting, which 
comprise studies with a large population. Notably, most studies have predominantly involved 
European populations. Moreover, comparatively fewer studies, such as those involving the 
CER cohort, which included Asian populations, were significantly smaller in scale than those 
comprising European populations.10 Consequently, based on the sample size of the study, 
a meta-analysis was deemed inappropriate for calculating PRS in the Korean population. 
Furthermore, obtaining raw GWAS summary statistics for all PRS studies suitable for 
meta-analysis using tools, such as METAL, was not feasible.23 This limitation introduced 
the potential for bias owing to the selective availability of data from certain studies. 
Moreover, meta-analyses often require assumptions regarding the use of fixed- or random-
effects models, which can complicate the interpretation of results. By employing a more 
straightforward approach, we discerned universal clinical trends in the joint effects of genetic 
factors, lifestyle, and MetS on the risk of developing gout, thereby obtaining valuable insights 
without the complexities associated with the traditional meta-analysis methods.

Unhealthy lifestyle habits appeared to have a poorer effect on gout development in 
participants with high genetic risk than in those with low genetic risk. Uncontrolled lifestyle 
habits or poor metabolic profiles did not significantly affect the risk of gout in the low-
genetic-risk group; however, an unhealthy lifestyle significantly increased the risk of gout 
in the middle- or high-genetic-risk groups. Conversely, the effects of reducing gout risk by 
adhering to a favorable lifestyle or ideal MetS seemed to be greater in the high-genetic-risk 
group. Lin et al.24 investigated the interaction between genetic predisposition and adherence 
to Dietary Approaches to Stop Hypertension diet, a representative healthy diet, on incident 
female gout using four prospective cohorts. They revealed that the multivariate relative risk 
for incident gout among women with healthy diet score was 0.67 (95% CI, 0.60–0.76) in the 
higher PRS group and 0.91 (95% CI, 0.78–1.05) in the lower PRS group compared to that in 
women with an unhealthy diet score. Zhang et al.25 evaluated the effect of the interaction 
between genetics and lifestyle on the development of hyperuricemia using a Chinese cohort 
comprising 2,796 participants; the median follow-up period was 4.2 years. In the high-
genetic-risk group, healthy lifestyle could reduce the incident hyperuricemia by 40%. These 
findings suggest that adherence to a healthy lifestyle has a greater effect on individuals with 
high genetic risk than on those with low genetic risk. Additionally, the effects of modifiable 
factors on incident gout seem to differ according to ethnicity. By evaluating the effect 
of modifiable factors on incident gout in a multiethnic cohort, Thompson et al.26 found 
that alcohol had a greater effect on the occurrence of gout in Japanese individuals than in 
Caucasians, whereas a healthy diet had the largest effect on the decrease in gout risk in 
Caucasians than in individuals of other ethnicities.

The present study highlights the significant interaction between genetic predisposition 
and lifestyle habits in the development of gout. Although genetic factors are unmodifiable, 
lifestyle habits and metabolic health profiles can be modified. Our findings emphasize the 
importance of preventive strategies that focus on lifestyle modifications, particularly for 
individuals at high genetic risk. If individuals with a high genetic risk are identified and 
their lifestyle habits are modified, we can reduce not only the incidence of gout but also 
subsequent comorbidities. We believe that this study is valuable as we investigated the 
interaction between genetic risk and lifestyle habits using Korean genome data and revealed 
that the risk of gout can be reduced by modifying unhealthy lifestyle habits. However, this 
study has several limitations. First, we did not analyze new-onset gout alone; therefore, we 
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could not reveal time-dependent causality. Second, gout was diagnosed based on patient 
statements, which may have resulted in misclassification bias. Third, we could not provide 
direct evidence that modifying lifestyle habits lowers the risk of gout. Such evidence can be 
obtained by observing a well-designed cohort over a long period of time.

In conclusion, genetic predisposition and unhealthy lifestyle habits were associated with 
an increased risk of gout. Adherence to a healthy lifestyle is important for preventing gout, 
especially in individuals with high genetic risk.

ACKNOWLEDGMENTS

This study was conducted with bioresources from the National Biobank of Korea, the Center 
for Disease Control and Prevention, Republic of Korea (NBK-2022-055).

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Detailed components on lifestyle score in KoGES

Supplementary Table 2
Detailed components on metabolic health status in KoGES

Supplementary Table 3
Top and bottom 15 variants and their corresponding effect sizes utilized in PRS calculation 
analyzed for their joint effect with lifestyle factor or MetS status

REFERENCES

	 1.	 Ahn JK. Epidemiology and treatment-related concerns of gout and hyperuricemia in Korean. J Rheum Dis 
2023;30(2):88-98.    PUBMED | CROSSREF

	 2.	 Park JS, Kang M, Song JS, Lim HS, Lee CH. Trends of gout prevalence in South Korea based on medical 
utilization: a National Health Insurance Service database (2002~2015). J Rheum Dis 2020;27(3):174-81.    
CROSSREF

	 3.	 Choi SW, Mak TS, O’Reilly PF. Tutorial: a guide to performing polygenic risk score analyses. Nat Protoc 
2020;15(9):2759-72.    PUBMED | CROSSREF

	 4.	 Duncan L, Shen H, Gelaye B, Meijsen J, Ressler K, Feldman M, et al. Analysis of polygenic risk score usage 
and performance in diverse human populations. Nat Commun 2019;10(1):3328.    PUBMED | CROSSREF

	 5.	 Zhang Y, Yang R, Dove A, Li X, Yang H, Li S, et al. Healthy lifestyle counteracts the risk effect of genetic 
factors on incident gout: a large population-based longitudinal study. BMC Med 2022;20(1):138.    PUBMED | 
CROSSREF

	 6.	 Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, et al. PLINK: a tool set for whole-
genome association and population-based linkage analyses. Am J Hum Genet 2007;81(3):559-75.    PUBMED | 
CROSSREF

	 7.	 Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ. Second-generation PLINK: rising to the 
challenge of larger and richer datasets. Gigascience 2015;4(1):7.    PUBMED | CROSSREF

	 8.	 Hwang MY, Choi NH, Won HH, Kim BJ, Kim YJ. Analyzing the Korean reference genome with meta-
imputation increased the imputation accuracy and spectrum of rare variants in the Korean population. 
Front Genet 2022;13:1008646.    PUBMED | CROSSREF

10/11

Genetic Risk and Lifestyle Habits on Gout

https://doi.org/10.3346/jkms.2025.40.e1https://jkms.org

https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2025.40.e1&fn=jkms-40-e1-s001.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2025.40.e1&fn=jkms-40-e1-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2025.40.e1&fn=jkms-40-e1-s003.doc
http://www.ncbi.nlm.nih.gov/pubmed/37483480
https://doi.org/10.4078/jrd.2022.0001
https://doi.org/10.4078/jrd.2020.27.3.174
http://www.ncbi.nlm.nih.gov/pubmed/32709988
https://doi.org/10.1038/s41596-020-0353-1
http://www.ncbi.nlm.nih.gov/pubmed/31346163
https://doi.org/10.1038/s41467-019-11112-0
http://www.ncbi.nlm.nih.gov/pubmed/35484537
https://doi.org/10.1186/s12916-022-02341-0
http://www.ncbi.nlm.nih.gov/pubmed/17701901
https://doi.org/10.1086/519795
http://www.ncbi.nlm.nih.gov/pubmed/25722852
https://doi.org/10.1186/s13742-015-0047-8
http://www.ncbi.nlm.nih.gov/pubmed/36506321
https://doi.org/10.3389/fgene.2022.1008646


	 9.	 Tin A, Marten J, Halperin Kuhns VL, Li Y, Wuttke M, Kirsten H, et al. Target genes, variants, tissues and 
transcriptional pathways influencing human serum urate levels. Nat Genet 2019;51(10):1459-74.    PUBMED | 
CROSSREF

	10.	 Nakayama A, Nakaoka H, Yamamoto K, Sakiyama M, Shaukat A, Toyoda Y, et al. GWAS of clinically 
defined gout and subtypes identifies multiple susceptibility loci that include urate transporter genes. Ann 
Rheum Dis 2017;76(5):869-77.    PUBMED | CROSSREF

	11.	 Li C, Li Z, Liu S, Wang C, Han L, Cui L, et al. Genome-wide association analysis identifies three new risk 
loci for gout arthritis in Han Chinese. Nat Commun 2015;6(1):7041.    PUBMED | CROSSREF

	12.	 Knevel R, le Cessie S, Terao CC, Slowikowski K, Cui J, Huizinga TW, et al. Using genetics to 
prioritize diagnoses for rheumatology outpatients with inflammatory arthritis. Sci Transl Med 
2020;12(545):eaay1548.    PUBMED | CROSSREF

	13.	 Mars N, Lindbohm JV, Della Briotta Parolo P, Widén E, Kaprio J, Palotie A, et al. Systematic comparison 
of family history and polygenic risk across 24 common diseases. Am J Hum Genet 2022;109(12):2152-62.    
PUBMED | CROSSREF

	14.	 Sinnott-Armstrong N, Tanigawa Y, Amar D, Mars N, Benner C, Aguirre M, et al. Genetics of 35 blood and 
urine biomarkers in the UK Biobank. Nat Genet 2021;53(2):185-94.    PUBMED | CROSSREF

	15.	 Tanigawa Y, Qian J, Venkataraman G, Justesen JM, Li R, Tibshirani R, et al. Significant sparse polygenic 
risk scores across 813 traits in UK Biobank. PLoS Genet 2022;18(3):e1010105.    PUBMED | CROSSREF

	16.	 Privé F, Aschard H, Carmi S, Folkersen L, Hoggart C, O’Reilly PF, et al. Portability of 245 polygenic scores 
when derived from the UK Biobank and applied to 9 ancestry groups from the same cohort. Am J Hum 
Genet 2022;109(1):12-23.    PUBMED | CROSSREF

	17.	 Sumpter NA, Takei R, Cadzow M, Topless RK, Phipps-Green AJ, Murphy R, et al. Association of gout 
polygenic risk score with age at disease onset and tophaceous disease in European and Polynesian men 
with gout. Arthritis Rheumatol 2023;75(5):816-25.    PUBMED | CROSSREF

	18.	 Batt C, Phipps-Green AJ, Black MA, Cadzow M, Merriman ME, Topless R, et al. Sugar-sweetened beverage 
consumption: a risk factor for prevalent gout with SLC2A9 genotype-specific effects on serum urate and 
risk of gout. Ann Rheum Dis 2014;73(12):2101-6.    PUBMED | CROSSREF

	19.	 Zhang T, Xu X, Chang Q, Lv Y, Zhao Y, Niu K, et al. Ultraprocessed food consumption, genetic 
predisposition, and the risk of gout: the UK Biobank study. Rheumatology (Oxford) 2024;63(1):165-73.    
PUBMED | CROSSREF

	20.	 Li T, Li S, Tian T, Nie Z, Xu W, Liu L, et al. Association and interaction between dietary patterns and gene 
polymorphisms in Liangshan residents with hyperuricemia. Sci Rep 2022;12(1):1356.    PUBMED | CROSSREF

	21.	 Tu HP, Chung CM, Ko AM, Lee SS, Lai HM, Lee CH, et al. Additive composite ABCG2, SLC2A9 and 
SLC22A12 scores of high-risk alleles with alcohol use modulate gout risk. J Hum Genet 2016;61(9):803-10.    
PUBMED | CROSSREF

	22.	 Jeon HK, Yoo HY. Single-nucleotide polymorphisms link gout with health-related lifestyle factors in 
Korean cohorts. PLoS One 2023;18(12):e0295038.    PUBMED | CROSSREF

	23.	 Willer CJ, Li Y, Abecasis GR. METAL: fast and efficient meta-analysis of genomewide association scans. 
Bioinformatics 2010;26(17):2190-1.    PUBMED | CROSSREF

	24.	 Lin K, McCormick N, Yokose C, Joshi AD, Lu N, Curhan GC, et al. Interactions between genetic risk 
and diet influencing risk of incident female gout: discovery and replication analysis of four prospective 
cohorts. Arthritis Rheumatol 2023;75(6):1028-38.    PUBMED | CROSSREF

	25.	 Zhang T, Gu Y, Meng G, Zhang Q, Liu L, Wu H, et al. Genetic risk, adherence to a healthy lifestyle, and 
hyperuricemia: the TCLSIH cohort study. Am J Med 2023;136(5):476-483.e5.    PUBMED | CROSSREF

	26.	 Thompson MD, Wu YY, Cooney RV, Wilkens LR, Haiman CA, Pirkle CM. Modifiable factors and incident 
gout across ethnicity within a large multiethnic cohort of older adults. J Rheumatol 2022;49(5):504-12.    
PUBMED | CROSSREF

11/11

Genetic Risk and Lifestyle Habits on Gout

https://doi.org/10.3346/jkms.2025.40.e1https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/31578528
https://doi.org/10.1038/s41588-019-0504-x
http://www.ncbi.nlm.nih.gov/pubmed/27899376
https://doi.org/10.1136/annrheumdis-2016-209632
http://www.ncbi.nlm.nih.gov/pubmed/25967671
https://doi.org/10.1038/ncomms8041
http://www.ncbi.nlm.nih.gov/pubmed/32461333
https://doi.org/10.1126/scitranslmed.aay1548
http://www.ncbi.nlm.nih.gov/pubmed/36347255
https://doi.org/10.1016/j.ajhg.2022.10.009
http://www.ncbi.nlm.nih.gov/pubmed/33462484
https://doi.org/10.1038/s41588-020-00757-z
http://www.ncbi.nlm.nih.gov/pubmed/35324888
https://doi.org/10.1371/journal.pgen.1010105
http://www.ncbi.nlm.nih.gov/pubmed/34995502
https://doi.org/10.1016/j.ajhg.2021.11.008
http://www.ncbi.nlm.nih.gov/pubmed/36281732
https://doi.org/10.1002/art.42393
http://www.ncbi.nlm.nih.gov/pubmed/24026676
https://doi.org/10.1136/annrheumdis-2013-203600
http://www.ncbi.nlm.nih.gov/pubmed/37129545
https://doi.org/10.1093/rheumatology/kead196
http://www.ncbi.nlm.nih.gov/pubmed/35079028
https://doi.org/10.1038/s41598-021-04568-y
http://www.ncbi.nlm.nih.gov/pubmed/27225847
https://doi.org/10.1038/jhg.2016.57
http://www.ncbi.nlm.nih.gov/pubmed/38060535
https://doi.org/10.1371/journal.pone.0295038
http://www.ncbi.nlm.nih.gov/pubmed/20616382
https://doi.org/10.1093/bioinformatics/btq340
http://www.ncbi.nlm.nih.gov/pubmed/36512683
https://doi.org/10.1002/art.42419
http://www.ncbi.nlm.nih.gov/pubmed/36708795
https://doi.org/10.1016/j.amjmed.2023.01.004
http://www.ncbi.nlm.nih.gov/pubmed/35105711
https://doi.org/10.3899/jrheum.210394

	Effects of Genetic Risk and Lifestyle Habits on Gout: A Korean Cohort Study
	INTRODUCTION
	METHODS
	Assessment of lifestyle factors and MetS
	Genotype data quality control (QC) and imputation
	PRS calculation
	Statistical analysis
	Ethics statement

	RESULTS
	Gout risk according to genetic risk, lifestyle habits, and MetS
	Effects of the interaction between lifestyle factors and genetic risk on gout
	Impact of modifiable lifestyle factors on the risk of gout

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3

	REFERENCES


