
504 Gout and ethnicity

Modifiable Factors and Incident Gout Across Ethnicity Within 
a Large Multiethnic Cohort of Older Adults
Mika D. Thompson1, Yan Yan Wu1, Robert V. Cooney1, Lynne R. Wilkens2,  
Christopher A. Haiman3, and Catherine M. Pirkle1

ABSTRACT.	 Objective. Gout disproportionately affects older Pacific Islander and Black populations relative to White 
populations. However, the ethnic-specific determinants remain understudied within these groups, as well 
as within other ethnicities. We examined gout incidence and associations with behavioral factors, including 
diet, alcohol, and smoking, within a large multiethnic population of older adults from the Multiethnic 
Cohort Study, which linked prospective cohort data to Medicare gout claims between 1999–2016. 

	 Methods. Using samples of Black (n = 12,370), Native Hawaiian (n = 6459), Japanese (n = 29,830), Latino 
(n  =  17,538), and White (n  =  26,067) participants, we conducted multiple Cox regressions, producing 
hazard ratios (HRs) and 95% CIs. 

	 Results. Relative to White individuals, Native Hawaiians had the highest risk of gout (HR 2.21, 95% CI 
2.06–2.38), followed successively by Black and Japanese participants, whereas Latino individuals had a 
lower risk of gout (HR 0.78, 95% CI 0.73–0.83). Alcohol use was associated with an increased risk, with 
significantly greater effects observed among Japanese participants drinking ≥ 3 drinks per day (HR 1.46, 
95%  CI 1.27–1.66), or >  5 beers per week (HR  1.29, 95%  CI 1.17–1.43), compared to White individ-
uals (Pinteraction

 <  0.001). Former smokers with ≥  20 pack-years had an increased risk (HR  1.14, 95%  CI  
1.06–1.22). Higher dietary quality was associated with a decreased gout risk, with the largest effect observed 
among White participants (HRQ5vsQ1 0.84, 95% CI 0.79–0.90), whereas vitamin C was weakly associated 
with a decreased risk of gout only among Japanese individuals (HR 0.91, 95% CI 0.85–0.98). 

	 Conclusion. Overall, notable ethnic differences were observed in both gout risk and associations with mod-
ifiable behavioral factors. Our findings offer crucial insights that may improve precision in preventing and 
managing gout. 

	 Key Indexing Terms: ethnic groups, gout, lifestyle factors, proportional hazards models
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Gout is the most common rheumatic disease, affecting up to 
6.8% of the world’s population, including 9.2 million adults in 
the United States.1,2 Characterized by moderate-to-severe acute 
pain and inflammation, periods of remission, and long-term 
chronic inflammation and disfigurement caused by the accumu-
lation and deposition of monosodium uric acid crystals during 
hyperuricemia, gout is a debilitating condition with substantial 

implications for a patient’s quality of life.3 The disability-adjusted 
life-years of gout have increased over the past few decades, espe-
cially in the US.4 Moreover, gout presents not only a substantial 
societal and personal burden but also a financial one. In a system-
atic review of the economic burden of gout, gout-related costs 
range between US $172 to $6179 per capita annually, with costs 
considerably greater among older adults.5 Additionally, factoring 
in the various comorbidities associated with gout, the indirect 
costs likely exceed these estimates.
	 The burden and risk of gout differs significantly by demo-
graphic characteristics, particularly age, sex, race/ethnicity, and 
genetics.6 Globally, gout prevalence is higher in men compared 
to women, with differences becoming less pronounced in older 
adulthood.7 As a condition strongly associated with the aging 
process, incident cases of gout are expected to increase world-
wide in the coming decades; coinciding with an aging popula-
tion, these cases have already doubled over the past 20 years.8,9 
The World Health Organization projects a rapid increase in 
the world’s proportion of adults aged > 60 years in the next few 
decades, nearly doubling by the year 2050 from the most recent 
estimates.10 
	 With global cases likely to rise significantly, further inves-
tigation into the determinants of gout is necessary to the 
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prevention, intervention, and identification of those at high risk. 
Understanding underlying differences in risk between popula-
tions remains a critical gap in prioritizing public health efforts 
targeting gout. Thus, this study aimed to examine the incidence 
and behavioral determinants of gout among understudied popu-
lations from a large multiethnic cohort of older adults with no 
history of gout.

METHODS
The Multiethnic Cohort Study. This study utilized data collected from the 
Multiethnic Cohort Study (MEC).11 The MEC is a large prospective study 
following a cohort of 215,251 men and women aged 45–75 years at the 
time of entry (1993–1997), from the Los Angeles area (51%) and Hawai‘i 
(49%). The study aimed to explore associations between lifestyle factors 
(primarily dietary components) and cancer and other chronic diseases 

within 5 racial/ethnic groups: White, Japanese American, Native Hawaiian, 
Black, and Latino. At baseline, all participants completed a 26-page  
self-administered questionnaire containing items pertaining to their demo-
graphic characteristics, medical histories, physical activity, dietary behaviors, 
and medication and supplement use. Recruitment and sampling method-
ologies have been summarized elsewhere.11 The MEC participants were 
linked to Centers for Medicare & Medicaid Services (CMS) fee-for-service 
insurance claims data from 1999 to 2016 through methodology previ-
ously reported.12 Participation was voluntary and all participants provided 
written informed consent. The study protocol was approved by the insti-
tutional review boards of the University of Hawai‘i (2018-00912) and the 
University of Southern California (HS-16-00719).
Study population. The derivation of the final analytic sample for the present 
study is presented in Figure  1. We included MEC participants who were 
linked to the CMS database, were fee-for-service Medicare enrollees, and 
belonged to 1 of the 5 major racial/ethnic groups in the MEC. Participants 

Figure 1. Analytic sample derivation.
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were excluded if they indicated a history of gout in the baseline ques-
tionnaire, had inconsistent dates (death prior to gout or claim date prior 
to Medicare enrollment), or exited the cohort for any reason prior to age 
65 years. Of the 215,640 MEC participants, 92,264 participants (12,370 
Black, 6459 Native Hawaiian, 29,830 Japanese, 17,538 Latino, and 26,067 
White) were included in our final analytic sample. There were no significant 
differences between participants excluded due to covariate missingness by 
the outcome within the total sample or racial/ethnic subsamples. 
Case ascertainment. We considered insurance claims for gout through 
Medicare to be equivalent to a gout case diagnosis by a physician. 
International Classification of Diseases, 9th revision (ICD-9) code 274.9 
and ICD-10 code M10.9 were used to identify gout diagnoses. Follow-up 
began at Medicare linkage (1999) and ended upon gout diagnosis, death, or 
completion of the observation period (December 31, 2016). The follow-up 
period for participants too young (54.29%) to be enrolled in Medicare in 
1999 began the year of their 65th birthday, and thus had a shorter period 
of observation; the average period of observation was approximately 9.56 
years. 
Demographics. Data for the demographic characteristics were ascertained 
from self-reported responses to the 1993–1996 MEC baseline question-
naire, including date of birth; sex (male or female); marital status (married, 
separated, divorced, widowed, or never married); birthplace of participant, 
mother, and father (US or other); racial/ethnic background (Black, Native 
Hawaiian, Japanese, Mexican/Other Hispanic, White, or other); and years 
of school completed (high school or less, vocational school or some college, 
and graduated college or graduate/professional school). Self-reported 
race/ethnicity, sex, marital status, and education level were considered as 
potential confounders because previous studies have reported associations 
between these variables and many of the lifestyle measures of interest in this 
study—smoking status,13,14 vitamin supplementation,15 diet,16 and alcohol 
use17,18—as well as gout.19,20,21 Generation in the US was derived from the 
self-reported birthplace of the participant and those of the participant’s 
parents. First-generation participants included those born outside the US 
who had since immigrated to the study location. Second-generation partic-
ipants were defined as individuals born in the US, with at least 1 parent 
born in another country; greater than second generation was defined as the 
participant and both parents being born in the US. Generation in the US 
was considered a possible confounder due to prior associations detected 
between immigration, lifestyle factors, and gout.21,22,23

Behavioral factors. Modifiable lifestyle exposures were determined by  
self-report from the MEC 1993–1996 baseline questionnaire and were 
selected on the basis of previous associations detected between each factor 
and gout or uric acid. These modifiable lifestyle factors included cigarette 
smoking,24 vitamin C supplementation,25 alcohol use,26 and dietary behav-
iors.27 Respondents reported their current smoking status (current, past, or 
never smoker), total number of years spent smoking, and average number 
of cigarettes per day. Pack-years (< 10, 10–19, or ≥ 20) were calculated by 
multiplying the number of 20-cigarette packs smoked per day by the number 
of years smoked for current and past smokers. Vitamin C supplementation 
(yes or no) was ascertained by asking respondents whether they had taken a 
vitamin C supplement by itself in the past year at least once a week.
	 Diet and alcohol use were ascertained using a validated28 food frequency 
questionnaire with over 180 items pertaining to dietary intake of specific 
foods and beverages, including wine, beer, and hard liquor, over the past 
year. We calculated the total number of standard alcoholic drinks per day 
from the total mean grams per day of ethyl alcohol consumed for each 
participant, with 14 grams corresponding to 1 standard drink. For each 
type of alcoholic drink, we converted the daily grams (of total beer, total 
wine, and total hard liquor) to fluid ounces per week, assuming a density 
of approximately 1.0 grams/cm3 (1 beer ≈ 12 fl oz, 1 wine ≈ 5 fl oz, and 
1 hard liquor ≈ 1.5 fl oz). The average number of standard drinks for each 
alcoholic beverage was examined in 3 categories (< 1/week, 1–5/week, or 
> 5/week). Dietary quality was assessed by the Dietary Approaches to Stop 

Hypertension (DASH) diet29 adherence score quintiles, utilizing 8 compo-
nents pioneered by Fung et al,30 yielding a sum component score ranging 
from 8 to 40 for each participant.31 We chose to use the validated DASH 
score because preliminary crude analyses revealed that DASH was the only 
dietary index available in the MEC31 that was associated with gout. 
Other covariates. BMI and histories of other health conditions were also 
collected at baseline. BMI (kg/m2) was calculated from self-reported weight 
and height, whereas history of cardiovascular disease (CVD; hyperten-
sion, strokes, and heart attacks), diabetes, and kidney stones, were directly 
assessed through items on the baseline questionnaire. BMI and histories of 
CVD, diabetes, and kidney stones were included in our analyses because of 
their previously observed associations with demographic factors, behavioral 
exposures, and gout risk.8,32,33 
Statistical analyses. Descriptive statistics were calculated to summarize 
baseline sample characteristics for the total sample and racial/ethnic sub
samples. We plotted the Kaplan-Meier cumulative hazards by ethnicity. 
Total sample and race/ethnicity-stratified Cox proportional hazard models 
of gout, with age as the time metric, were used to estimate hazard ratios 
(HRs) and 95% CIs. Multivariable models adjusted for race/ethnicity; sex; 
age; education level; generation in the US; marital status; BMI; and history 
of CVD, diabetes, and kidney stones. All modifiable factors were included 
in the multivariable models. All models were adjusted for total number of 
alcoholic drinks per day, except for those ascertaining effects of specific 
alcohol types. We examined adherence to the proportional hazards assump-
tion with scaled Schoenfeld residuals (Supplementary Material, available 
from the authors on request). Sex was adjusted as a stratum variable in all 
models; race/ethnicity was included as stratum variables for the total sample 
model. We tested for interaction between each modifiable factor and race/
ethnicity using a likelihood ratio test; significant overall interactions were 
investigated using interaction models with White participants as a refer-
ence group (Supplementary Material). All analyses were conducted using 
R version 4.0.5 with integrated development environment RStudio version 
1.4.1106 (RStudio Team).

RESULTS
Baseline characteristics. Table  1 presents the baseline sample 
characteristics for the 92,264 MEC participants by ethnic 
group: Black, Native Hawaiian, Japanese, Latino, and White. 
In the total sample and across racial ethnic groups, there was a 
higher proportion of females to males, and most participants 
were married. Education level was highest among White and 
Japanese participants. The proportion of immigrants to the US 
was highest among Latino participants, whereas most Japanese 
participants were children of immigrants. BMI was highest 
among Native Hawaiian, and lowest among Japanese partici-
pants. Black participants had the highest proportion of CVD 
and the lowest proportion of kidney stones, whereas White 
participants had the lowest proportion of CVD and the highest 
proportion of kidney stones. Latino participants had the highest 
proportion of diabetes. Black and Native Hawaiian participants 
had the highest proportion of current smokers, with most Native 
Hawaiian current smokers reporting ≥  20 pack-years. White 
participants reported the highest levels of vitamin C supplemen-
tation, total alcoholic drinks per day, standard wine glasses per 
week, standard hard liquor drinks per week, and DASH diet 
adherence. Consuming >  5 standard beers per week was most 
common among Native Hawaiian participants.
Race/ethnicity-specific risk. Figure  2 presents the Kaplan-Meier 
cumulative hazards of gout over age at Medicare claim by race/
ethnicity. A total of 9648 participants (10.46%) had a gout 
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Table 1. Baseline demographic characteristics of the multiethnic cohort linked to Medicare fee-for-service records by ethnicity. 

		  Total, 	 Black, 	 Native Hawaiian, 	 Japanese, 	 Latino, 	 White, 
		  N = 92,264	 n = 12,370	 n = 6459	 n = 29,830	 n = 17,538	 n = 26,067

Sex, %						    
	 Female	 57.02	 65.68	 59.90	 56.78	 52.66	 55.39
	 Male	 42.98	 34.32	 40.05	 43.22	 47.34	 44.61
Start age, yrs, mean ± SD	 68.27 ± 4.64	 69.02 ± 4.97	 66.95 ± 3.72	 68.78 ± 4.81	 67.50 ± 4.05	 68.17 ± 4.69
Years of coverage, mean ± SD	 9.56 ± 5.09	 9.20 ± 4.97	 7.89 ± 5.01	 10.03 ± 5.27	 10.17 ± 4.76	 9.05 ± 5.03
Education level, %						    
	 High school or less	 38.95	 37.92	 50.57	 34.68	 66.19	 23.07
	 Some college/vocational	 30.03	 37.14	 30.72	 30.31	 21.90	 31.64
	 College graduate or higher	 31.03	 24.94	 18.72	 35.02	 11.91	 45.28
Generation in US, %						    
	 > 2nd generation in US	 53.94	 94.93	 87.54	 35.49	 15.67	 73.10
	 2nd generation in US	 30.07	 1.72	 12.08	 55.97	 32.86	 16.46
	 1st generation to US	 15.99	 3.35	 0.39	 8.54	 51.47	 10.44
Marital status, %						    
	 Married	 68.10	 44.19	 70.51	 78.56	 66.08	 68.25
	 Separated/divorced	 16.34	 32.09	 15.00	 7.65	 18.42	 17.75
	 Widowed	 9.03	 16.89	 9.63	 7.20	 8.74	 7.43
	 Never married	 6.53	 6.83	 4.86	 6.59	 6.77	 6.58
BMI, mean ± SD	 26.23 ± 4.92	 28.48 ± 5.58	 28.57 ± 5.88	 24.27 ± 3.67	 27.64 ± 4.71	 25.88 ± 4.74
History of CVD, %						    
	 No	 61.59	 44.58	 56.09	 60.70	 63.52	 70.73
	 Yes	 38.41	 55.42	 43.91	 39.30	 36.48	 29.27
History of diabetes, %						    
	 No	 90.41	 86.38	 87.60	 90.79	 85.88	 95.64
	 Yes	 9.59	 13.62	 12.40	 9.21	 14.12	 4.36
History of kidney stones, %						    
	 No	 94.49	 97.49	 93.81	 94.36	 95.18	 92.91
	 Yes	 5.51	 2.51	 6.19	 5.64	 4.82	 7.09
Smoking status, pack-yrs, %						    
	 Never	 46.47	 39.85	 40.44	 53.19	 50.84	 40.48
	 Past						    
	 ≥ 1 to < 10	 16.84	 18.07	 14.62	 13.66	 21.99	 16.96
	 ≥ 10 to < 20	 12.07	 13.03	 12.31	 12.74	 8.44	 13.24
	 ≥ 20	 9.49	 7.10	 10.08	 9.34	 4.67	 13.92
	 Current						    
	 ≥ 1 to < 10	 2.62	 4.92	 2.96	 1.21	 4.96	 1.48
	 ≥ 10 to < 20	 5.54	 9.96	 8.59	 4.31	 5.31	 4.27
	 ≥ 20	 6.96	 7.05	 11.01	 5.57	 3.79	 9.65
Any vitamin C supplementation, %						    
	 No	 59.71	 59.01	 69.05	 58.53	 64.83	 55.63
	 Yes	 40.29	 40.99	 30.95	 41.47	 35.17	 44.37
Alcoholic drinks/day, %						    
	 None 	 74.99	 81.08	 75.97	 82.74	 78.04	 60.95
	 1–2 	 17.80	 13.91	 16.32	 12.38	 15.91	 27.50
	 ≥ 3 	 7.20	 5.01	 7.71	 4.88	 6.05	 11.55
Beers/week, %						    
	 < 1	 77.65	 83.58	 74.50	 80.44	 74.31	 74.69
	 1–5	 10.42	 8.51	 10.81	 7.70	 13.44	 12.32
	 > 5	 11.92	 7.91	 14.69	 11.86	 12.25	 12.99
Wine/week, %						    
	 < 1	 86.00	 90.22	 90.76	 93.67	 90.59	 70.96
	 1–5	 8.25	 6.67	 6.10	 4.21	 6.27	 15.49
	 > 5	 5.75	 3.10	 3.14	 2.12	 3.14	 13.55
Hard liquor/week, %						    
	 < 1	 87.08	 84.17	 92.72	 94.87	 88.74	 77.05
	 1–5	 6.33	 8.41	 4.04	 2.89	 6.93	 9.44
	 > 5	 6.59	 7.42	 3.24	 2.24	 4.34	 13.51
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Medicare claim over the period of observation. Native Hawaiian 
participants had the highest risk of gout, with over twice the risk 
relative to White participants (HR  2.21, 95%  CI 2.06–2.38). 
Black and Japanese participants had a risk of gout similar to that 
of White participants up until approximately age 80 years, when 
their relative risk increased. Overall, Black participants had a 
34% (HR 1.34, 95% CI 1.26–1.43), and Japanese participants 
a 14% (HR 1.14, 95% CI 1.08–1.20) higher risk compared to 
White individuals. Latino participants had the lowest risk of 
gout claims compared to all other ethnic groups, with a 23% 
lower risk relative to White participants (HR  0.78, 95%  CI 
0.73–0.83).
Modifiable factors. The Supplementary Material (available from 
the authors on request) summarizes the crude analysis, and Table 
2 summarizes the multivariable analysis, HR (95% CI) for modi-
fiable behaviors on gout incidence for each ethnic subsample, as 
well as the P value of the overall likelihood ratio test for effect 

heterogeneity by ethnicity (Supplementary Material for crude 
and multivariable pairwise interaction significance). Effects of 
modifiable behaviors for the total sample, adjusting for ethnicity 
as a stratum variable in the multivariable model, are also reported. 
Overall, the effects of the modifiable factors attenuated in the 
multivariable models.
	 Among past smokers, ≥ 20 pack-years corresponded to a 14% 
(HR 1.14, 95% CI 1.06–1.22) greater risk of gout compared to 
never smokers. Among current smokers, 10–19 pack-years were 
associated with a 12% (HR  1.12, 95%  CI 1.01–1.23) greater 
risk relative to never smokers. We detected significant hetero-
geneity for the effect (Pinteraction = 0.02) of smoking by ethnicity. 
Among past smoker vs never smokers, the effect ≥  20 pack-
years was significantly lower (Pinteraction =  0.02) among Latino 
(HR 1.00, 95% CI 0.77–1.29) compared to White (HR 1.19, 
95% CI 1.06–1.34) participants. Similarly, the effect of 10–19  
pack-years for past smokers was weaker compared to that of 

Table 1. Continued.

		  Total, 	 Black, 	 Native Hawaiian, 	 Japanese, 	 Latino, 	 White, 
		  N = 92,264	 n = 12,370	 n = 6459	 n = 29,830	 n = 17,538	 n = 26,067

DASH quintiles, %						    
	 8–20	 21.78	 24.51	 30.96	 27.95	 18.80	 13.16
	 21–23	 22.34	 23.89	 22.42	 24.15	 23.38	 18.82
	 24–25	 16.66	 16.11	 15.14	 15.93	 18.04	 17.21
	 26–28	 22.28	 21.16	 19.99	 18.89	 23.65	 26.34
	 29–40	 16.94	 14.34	 11.49	 13.09	 16.14	 24.47

CVD: cardiovascular disease; DASH: Dietary Approaches to Stop Hypertension. 

Figure 2. Kaplan-Meier cumulative hazards over age by ethnic group.
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White individuals (Pinteraction =  0.03) among Native Hawaiian 
(HR 0.89, 95% CI 0.73–1.08) past smokers. 
	 Higher total alcohol intake was associated with an elevated 
risk of gout, with 1–2 drinks per day corresponding to 11% 
(HR  1.11, 95%  CI 1.05–1.18), and ≥  3 drinks per day corre-
sponding to 38% (HR 1.38, 95% CI 1.28–1.49) increased risk of 
gout compared to never drinkers. In the model assessing specific 
alcohol types, ≥ 5 standard drinks per week of beer (HR 1.15, 
95%  CI 1.08–1.22), wine (HR  1.12, 95%  CI 1.02–1.22), or 
hard liquor (HR 1.20, 95% CI 1.11–1.30) were associated with 
an elevated risk of gout, relative to none of each type. Alcohol 
intake was a risk factor for gout in all ethnic groups. However, 
we observed significant effect modification by ethnicity for 
total alcohol (Pinteraction < 0.001) and beer consumption (Pinteraction 
< 0.001), but not for wine or hard liquor. Compared to White 
participants (HR1–2vs0  1.11, 95%  CI 1.01–1.22; HR≥3vs0  1.43, 

95% CI 1.26–1.61), the effect of 1–2 drinks per day was signifi-
cantly greater (HR  1.18, 95%  CI 1.07–1.30) among Japanese 
participants (Pinteraction = 0.01), whereas the effect of ≥ 3 drinks 
per day was significantly lower (HR  1.21, 95% CI 0.96–1.51) 
among Latino participants (Pinteraction =  0.01). Similarly, the 
effect of 1–5 beers per week (HR  1.16, 95%  CI 1.03–1.31) 
and > 5 beers per week (HR 1.29, 95% CI 1.17–1.43) among 
Japanese participants was significantly higher (Pinteraction < 0.001 
and Pinteraction = 0.003, respectively) compared to White partici-
pants (HR1–5vs0 0.96, 95% CI 0.84–1.09; HR>5vs0 1.16, 95% CI  
1.03–1.32), whereas the effect of > 5 beers per week was signifi-
cantly lower (HR  0.86, 95%  CI 0.71–1.04) among Latino 
participants (Pinteraction < 0.001). 
	 In the total sample, vitamin C supplementation was weakly 
associated with a lower risk of incident gout (HR  0.96, 95% 
CI 0.92–1.00). Significant effect modification was observed 

Table 2. Multivariable ethnic-specific model for modifiable lifestyle factors. 

			   Total	 Black	 Native Hawaiian	 Japanese	 Latino	 White	 Pinteraction
a

Smoking status, pack-yrs 
(ref. never smoker)							     
	 Past smoker							     
		  ≥ 1 to < 10	 0.99 (0.94–1.05)	 1.00 (0.86–1.15)	 0.97 (0.81–1.16)	 0.97 (0.87–1.08)	 1.08 (0.95–1.24)	 0.97 (0.85–1.10)	 0.02
		  ≥ 10 to < 20	 1.05 (0.99–1.12)	 1.10 (0.94–1.29)	 0.89 (0.73–1.08)	 1.02 (0.92–1.13)	 1.05 (0.86–1.28)	 1.15 (1.02–1.31)	
		  ≥ 20	 1.14 (1.06–1.22)	 1.28 (1.06–1.55)	 0.95 (0.78–1.16)	 1.12 (1.00–1.26)	 1.00 (0.77–1.29)	 1.19 (1.06–1.34)	
	 Current smoker							     
		  ≥ 1 to < 10	 1.07 (0.93–1.24)	 1.23 (0.96–1.59)	 0.89 (0.58–1.35)	 0.90 (0.61–1.33)	 1.06 (0.81–1.40)	 1.17 (0.81–1.69)	
		  ≥ 10 to < 20	 1.12 (1.01–1.23)	 1.14 (0.93–1.39)	 1.03 (0.80–1.33)	 1.19 (0.99–1.42)	 1.01 (0.77–1.32)	 1.12 (0.89–1.42)	
		  ≥ 20	 1.07 (0.98–1.16)	 1.25 (1.01–1.55)	 1.05 (0.85–1.30)	 1.15 (0.99–1.33)	 0.96 (0.69–1.32)	 0.92 (0.77–1.09)	
Alcoholic drinks/day 
	 (ref. none)b	 						    
		  1–2	 1.11 (1.05–1.18)	 1.07 (0.91–1.24)	 1.10 (0.93–1.30)	 1.18 (1.07–1.30)	 1.09 (0.93–1.27)	 1.11 (1.01–1.22)	 < 0.001
		  ≥ 3	 1.38 (1.28–1.49)	 1.38 (1.10–1.73)	 1.32 (1.07–1.63)	 1.46 (1.27–1.66)	 1.21 (0.96–1.51)	 1.43 (1.26–1.61)	
Alcoholic drinks/week 
	 (ref. none) c	 						    
	 Beer							     
		  1–5	 1.06 (0.99–1.13)	 0.96 (0.78–1.17)	 1.18 (0.97–1.44)	 1.16 (1.03–1.31)	 1.02 (0.86–1.20)	 0.96 (0.84–1.09)	 < 0.001
		  > 5	 1.15 (1.08–1.22)	 1.01 (0.82–1.24)	 1.16 (0.97–1.38)	 1.29 (1.17–1.43)	 0.86 (0.71–1.04)	 1.16 (1.03–1.32)	
	 Wine 							     
		  1–5	 1.04 (0.96–1.12)	 1.01 (0.82–1.26)	 0.98 (0.75–1.28)	 1.15 (0.98–1.36)	 1.18 (0.95–1.47)	 0.99 (0.88–1.12)	 0.55
		  > 5	 1.12 (1.02–1.22)	 1.14 (0.85–1.53)	 1.24 (0.88–1.73)	 0.97 (0.76–1.25)	 1.34 (1.01–1.78)	 1.11 (0.99–1.26)	
	 Hard liquor							     
		  1–5	 1.04 (0.95–1.13)	 1.15 (0.95–1.39)	 0.76 (0.54–1.07)	 1.03 (0.85–1.24)	 1.02 (0.81–1.27)	 1.10 (0.95–1.26)	 0.45
		  > 5	 1.20 (1.11–1.30)	 1.36 (1.12–1.65)	 1.23 (0.91–1.66)	 1.00 (0.81–1.23)	 1.32 (1.03–1.69)	 1.24 (1.11–1.39)	
Vitamin C use 
	 (ref. none), any	 0.96 (0.92–1.00)	 1.05 (0.95–1.17)	 0.87 (0.76–1.00)	 0.91 (0.85–0.98)	 0.92 (0.82–1.03)	 1.03 (0.94–1.12)	 0.02
DASH quintiles 
	 (ref. Q1, 8–20)							     
		  Q2 (21–23)	 0.91 (0.86–0.97)	 0.93 (0.80–1.07)	 0.95 (0.80–1.12)	 0.93 (0.84–1.02)	 1.03 (0.87–1.22)	 0.78 (0.68–0.90)	 0.12
		  Q3 (24–25)	 0.86 (0.81–0.92)	 0.84 (0.71–1.00)	 0.88 (0.73–1.07)	 0.89 (0.79–0.99)	 0.92 (0.77–1.11)	 0.79 (0.69–0.92)	
		  Q4 (26–28)	 0.87 (0.82–0.93)	 0.92 (0.79–1.07)	 0.93 (0.78–1.11)	 0.88 (0.79–0.98)	 1.05 (0.88–1.25)	 0.71 (0.62–0.82)	
		  Q5 (29–40)	 0.84 (0.79–0.90)	 0.86 (0.72–1.02)	 0.81 (0.65–1.01)	 0.88 (0.78–0.99)	 1.00 (0.82–1.20)	 0.72 (0.63–0.83)	

Values are expressed as hazard ratio (95% CI). All multivariable models are adjusted or stratified by all other factors presented, along with ethnicity, sex, age, education level, gen-
eration in the US, marital status, BMI, and history of CVD, diabetes, and kidney stones. a Overall likelihood ratio test for effect heterogeneity by ethnicity (ref. White) for Cox 
proportional hazards regression. b Total standard number of drinks/day was estimated from total ethanol intake from all sources (1 standard drink ≈ 14 g of ethanol). All other 
factors were adjusted for total alcoholic drinks/day, but not specific drinks (ie, beer, wine, or hard liquor per week). c Standard number of drinks/week calculated from g/day of 
beverages assuming approximately equal density to water (1.0 g/cm2); specific alcoholic beverages are adjusted for each other, but not total number of alcoholic drinks/day. CVD: 
cardiovascular disease; DASH: Dietary Approaches to Stop Hypertension.
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by race/ethnicity (Pinteraction =  0.02). Specifically, the effect of 
vitamin C supplementation was significantly (Pinteraction = 0.03) 
greater among Japanese (HR 0.91, 95% CI 0.85–0.98) compared 
to White participants (HR 1.03, 95% CI 0.94–1.12). Last, the 
highest quintile of the total DASH scores was significantly asso-
ciated with a decreased risk of gout incidence (HRQ5vsQ1  0.84, 
95% CI 0.79–0.90) relative to the lowest quintile; the observed 
protective effect of higher DASH adherence did not signifi-
cantly differ by race/ethnicity.

DISCUSSION
We observed evidence of ethnic disparities and effect modifica-
tion by ethnicity for gout incidence among older adults with no 
prior history of gout. Native Hawaiians had the highest risk of 
gout, with over twice the risk observed relative to White partici-
pants. Examination of modifiable lifestyle behaviors on incident 
gout revealed a higher risk associated with smoking, total alcohol 
use, and consumption of beer, wine, and hard liquor, as well as a 
lower risk associated with vitamin C use and adherence to the 
DASH diet. We observed significant differences in the effect of 
certain lifestyle factors on gout risk by race/ethnicity. Compared 
to White participants, the risk-elevating association between 
smoking, total alcohol intake, and beer consumption was lower 
among Latino participants, while total alcohol intake and beer 
consumption was associated with a greater risk among Japanese 
participants. Finally, the observed protective effect of vitamin 
C supplementation was greater among Japanese compared to 
White participants.
	 Our findings are consistent with the literature of gout inci-
dence and prevalence observed among Pacific Peoples, primarily 
in New Zealand.34 For instance, a systematic review found a 
proportion of gout cases among New Zealand Māori approxi-
mately 3 times higher than that in New Zealand Europeans.35 
Prior literature on the disparity between Black and White popu-
lations in gout incidence is consistent with our findings. An 
investigation of racial differences within the Atherosclerosis Risk 
in Communities study36 in 2014 reported that Black participants 
had a disproportionately higher sex-specific incidence of gout 
compared to White participants. Another finding consistent 
with prior literature is the notably low incidence of gout among 
Latino participants; data examining the number of patients with 
a gout diagnosis across 3 national ambulatory surveys found that 
Hispanic/Latino individuals were less likely to have a visit with 
gout compared to Non-Hispanic/Latino individuals.37 Incident 
gout among the Japanese participants was unexpectedly high 
given the markedly low prevalence reported from Japan.38 This 
finding may be attributed to acculturation with Western life-
styles,39 and/or the larger proportion of the Japanese population 
of Okinawan descent within the Hawai‘i-born population, which 
is a culturally and ethnically distinct group.40,41 However, with 
increasing evidence of gout heritability,42 recent findings suggest 
individuals of Asian descent may have an elevated frequency of 
gout risk–associated alleles compared to Europeans, potentially 
adding to the effects attributed to lifestyle acculturation.43

	 Behavioral factors had similar relationships with gout 
reported in prior literature utilizing less diverse populations, 

with a higher gout risk attributed to alcohol use and smoking,44 
and protective effects from vitamin C supplementation25 and 
DASH diet.27 Alcohol use is thought to contribute to both the 
overproduction and underexcretion of urate, leading to hyper-
uricemia and gout.9 Beer, a particularly purine-rich alcoholic 
beverage, may increase uric acid production through the catabo-
lism of common purines, such as guanosine, whereas alcohol use 
in general may downregulate excretion of uric acid by producing 
lactic acid, which competitively inhibits urate secretion.45 Our 
results further suggest that these pathways may be modified by 
ethnicity, with stronger effects of beer and total alcohol among 
Japanese, and weaker effects among Latino individuals, relative 
to White participants. These differences may suggest that there is 
a potential interaction between population genetic structure and 
alcohol use, or that the effects of population genetics are medi-
ated by alcohol use. Alternatively, differences in the observed 
effect may be driven by differences in the presence or absence of 
confounding factors between groups. While our results suggest a 
higher risk among former smokers with ≥ 20 pack-years, particu-
larly for White and Black participants, a metaanalysis examining 
the effects of smoking status reported conflicting results from 
several large studies, suggesting that smoking may not be causally 
related to gout.24 Thus, the lack of consistency observed in the 
smoking analyses may be more reflective of differential survival 
probability in heavy smokers or other risk factors that cluster 
with smoking, rather than a causal association. Moreover, with 
limited literature on the relationship between smoking and gout, 
the mechanism behind these associations remains elusive. While 
there are conflicting results from observational studies on the 
effect of vitamin C supplementation, a recent metaanalysis found 
a significant uric acid–lowering effect across 16 randomized 
controlled trials.25 Vitamin C may increase uric acid excretion by 
competitively inhibiting reabsorption and increasing glomerular 
filtration rates.46 We observed a weak protective effect of vitamin 
C supplementation, with the effect significantly greater among 
Japanese relative to White participants. A potential explanation 
for this difference may be differences in intake source. Japanese 
MEC participants had the lowest dietary intake of vitamin  C 
relative to the other ethnic groups.11 Thus, Japanese participants 
may benefit more from supplemental vitamin C because other 
groups account for the effect of vitamin C in their diet. Finally, 
prior findings on dietary factors associated with gout largely 
reflect the components of the DASH diet, such as high levels 
of fruits, vegetables, and low-fat dairy products, as well as low 
levels of red meat, sweetened beverages, and sodium.1,27 Similar 
to alcohol consumption, different food groups may contribute 
to both overproduction and underexcretion of uric acid. For 
instance, consuming fructose leads to the depletion of adenosine 
triphosphate and increases uric acid levels; moreover, fruc-
tose may convert to lactic acid, which then competes with uric 
acid for excretion.47 Similar associations offer support for the 
observed protective effect from adherence to the DASH diet.27

	 Our study is not without limitations. First, all baseline 
factors were self-reported, and may have led to exposure misclas-
sification, particularly for behaviors influenced by social desir-
ability. However, these measures were collected well before gout 
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diagnosis (average of 21 yrs prior) and are unlikely to be differ-
entially misreported. Second, access to care is known to differ 
by race/ethnicity,48 and this difference may have contributed to 
delays in gout diagnosis, affecting the time-to-event analyses. 
That is, we were unable to differentiate Medicare gout claim and 
the disease onset, affecting our ability to accurately define the 
temporal relationship between exposure and outcome. Third, we 
were unable to include Medicare participants enrolled in health 
maintenance organization (HMO) programs because these 
programs do not provide individual claims data. Thus, our study 
was limited to Medicare recipients enrolled in a fee-for-service 
plan only, possibly affecting the generalizability of our findings. 
Moreover, because our study was limited to Medicare-eligible 
participants (ie, age ≥ 65 yrs) with no history of gout, our results 
may be generalizable only to individuals at risk of becoming 
an incident case in older adulthood. Because Pacific Islanders 
are known to have an earlier onset of gout relative to other 
ethnic groups,34 the observed incidence of gout among Native 
Hawaiians is likely underestimated relative to the general popu-
lation. Finally, clinical gout may mimic the symptoms of rheu-
matoid arthritis, which is more common in women than men, 
possibly resulting in underdiagnosis among women.49 
	 Our study offers crucial insights into the ethnic differences 
in the risk of gout and the ethnic-specific effects of modifiable 
factors. These findings may improve precision in identifying 
individuals at risk and preventing disease progression, thereby 
reducing the overall burden attributed to gout. Recent trends 
suggest an increasingly ethnically diverse older population, 
particularly in the US.50 Thus, further examination into how 
the distribution and determinants of chronic conditions differ 
between groups is vital in planning for a global aging population. 
Future investigations can expand this work by examining the 
modifying effects of sex within ethnic strata, identifying predic-
tors of recurring attacks to further elucidate the long-term effects 
of poorly controlled gout, and calculating the financial cost of 
gout within underserved groups.
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