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Abstract

Objective—To investigate if beer, liquor (spirits), wine and total alcohol intakes have different 

associations with serum urate (SU) concentrations at different ages in a cohort of young men and 

women.

Methods—Data from 3123 participants at baseline and follow-up at 20 years were used, with 

balanced proportions of Caucasians and African Americans. The relationships of SU with 

categories of beer, liquor, wine and total alcohol intake referent to no intake were examined in sex-

specific, cross-sectional analyses.

Results—Mean age (SD) at the beginning of follow-up was 25.1 (3.6) years. Compared with 

non-drinkers, significant associations between higher SU concentrations and greater beer intake 

were observed among men and women, with more pronounced and consistent associations for 

women. An association between greater liquor intake and higher SU concentrations was only seen 

for men at the year 20 evaluation. Wine intake was not associated with SU in either sex and total 
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alcohol was associated with higher SU concentrations in both men and women. The magnitude of 

the associations between alcoholic beverages intake and SU was modest (≤0.03 mg/dl/alcoholic 

beverage serving).

Conclusion—An association between higher SU concentrations and greater beer intake was 

consistent and pronounced among women, but also present in men. Despite the small magnitude of 

the increases in SU associated with alcohol intake, clinical implications in conditions such as 

cardiovascular disease and gout in young adults who are moderate and heavy drinkers cannot be 

ruled out.

Hyperuricaemia is the metabolic precursor of gout and has been associated with 

hypertension, renal disease and the metabolic syndrome.1–3 A strong relationship between 

hyperuricaemia and alcohol intake has been noted since gout was first described in the 

medical literature.4–6

The mechanisms by which alcohol induces an increase in serum urate (SU) are through 

increased production and decreased renal excretion.7 However, the effects may vary 

depending on the type of alcoholic beverage consumed. In the case of beer its high purine 

content and an increased production of urate induced by ethanol may have a role.8–10 The 

biochemical effects of other alcoholic beverages on SU are less well understood. Non-

alcoholic components in wine, such as polyphenols, may possibly attenuate a significant 

increase in SU.11

Choi and Curhan using data from the US Third National Health and Nutritional Examination 

Survey (NHANES III) described the associations of different alcoholic beverages with SU. 

They concluded that both beer and liquor (spirits) intake were associated with increases in 

SU, while moderate intake of wine was not. Interestingly, their results showed that increases 

in SU with beer intake were more pronounced for women than for men.12 Given the effects 

of oestrogen on SU metabolism and excretion, there is biological plausibility for these 

preliminary findings.13–15 Using data from the Nutrition and Health Survey in Taiwan, Yu et 
al also reported an independent association between beer intake and hyperuricaemia.16 

These epidemiological findings were supported by experimental data reporting a stronger 

effect of beer, compared with other alcoholic beverages, in increasing SU 

concentrations.8–10 The populations of large epidemiological studies that have examined this 

problem have been predominately middle-aged Caucasians. There is an incomplete 

knowledge whether these putative associations between different alcoholic beverages and 

urate levels vary by age and sex.

The objective of this study was to determine the differential relationship between alcoholic 

beverages (beer, wine and liquor) along with total alcohol intake, sex and SU in young and 

middle-aged subjects within a cohort of Caucasians and African Americans.

METHODS

Study population

Study subjects were from the Coronary Artery Risk Development in Young Adults 

(CARDIA) cohort that completed at least 20 years of observation. The CARDIA cohort was 
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established in 1985–6 with the main objective of investigating factors that contribute to the 

development of coronary heart disease in young adults.17 Study design, recruitment of 

participants and the institutional review board approvals with individual informed consent 

processes have been described in detail earlier.18 Briefly, 5115 subjects, 18–30 years of age, 

were initially recruited in the US cities of Birmingham, Chicago, Minneapolis and Oakland. 

The sample was selected so there would be approximately equal numbers of African 

Americans and Caucasians. After 20 years of follow-up, a majority of those enrolled 

continued participating (72% at year 20).19 For the purpose of our analyses, only those 

individuals with SU measurements both at years 0 and 20 of cohort follow-up were included 

(n=3123).

SU measurement

At year 0, SU measurements were made by the uricase method. In year 20, a modification of 

this method was used in which urate was oxidised by uricase to peroxide (measured as part 

of the Young Adult Longitudinal Trends in Antioxidants ancillary study).20 To measure 

urate concentrations in serum with the Roche/Hitachi Modular P chemistry analyser, the 

urate in the sample was first oxidised by uricase, followed by peroxidase in the presence of 

4-aminophenazone to produce a coloured product measured at 546 nm. The amount of the 

product was directly proportional to the amount of urate in the sample. To allow full 

comparability of urate measures from these two time points and conform to National 

Institute of Standards Standard Reference Materials, year 20 SU levels were recalibrated 

based on a re-run of 200 frozen samples.

Assessment of alcoholic beverage type and quantity

Alcohol consumption and specific alcoholic beverage intake were measured in all CARDIA 

examinations. Participants were asked, “Did you drink any alcoholic beverages in the past 

year?” and if the answer was yes, three questions followed about how many servings of wine 

(one serving equal to a 5 ounce glass or approximately 148 ml), beer (one serving equal to a 

12 ounce or approximately 355 ml bottle or can) and liquor (one serving equal to a 1.5 

ounce or approximately 44 ml shot) they usually consumed every week. Total alcohol intake 

in millilitres per day was estimated from the answers about individual alcoholic beverages 

using the formula: ((beer servings/week×16.7)+(wine servings/week×17.02)+(liquor 

servings/week×19.09))/7.19 The number of servings per day was estimated by dividing the 

number of millilitres per day by 17.24.21 This number was multiplied by 7 to estimate the 

amount of total alcohol servings per week.

Other factors potentially influencing associations

To account for factors that might confound the association between alcohol intake and SU 

we examined the following covariates: age at inception, sex, race, body mass index (BMI), 

renal function (serum creatinine), and use of drugs known to affect SU concentration 

(diuretics and urate-lowering drugs) or that are markers for a diagnosis of hypertension 

(antihypertensive agents).

We also included selected CARDIA dietary variables measured through the administration 

of the CARDIA diet history at years 0 and 20 as covariates.22 Details about the 
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methodology, validity and reliability of the CARDIA diet history have been published 

elsewhere.23–25 Average protein intake along with daily servings of meat, seafood and dairy 

were used. Nutrient (protein) and food group (meat, seafood, dairy) information were 

included in the same models without fear of overadjusting, given published evidence of 

differential effects on SU.26 For individual analysis of each alcoholic beverage (beer, wine 

or liquor), intakes of the other two were included as covariates.

Statistical analyses

Sex-specific analyses were performed to investigate the association between alcohol intake 

and SU with two separate cross-sectional analyses at years 0 and 20.

The characteristics of the populations of men and women studied at years 0 and 20 were 

compared using paired t test analyses, χ2 tests, Wilcoxon signed rank tests or McNemar 

tests depending on the nature and distribution of the variables described. This was done to 

determine if there were any differences that might add information to explain the findings 

obtained in subsequent analyses. For the cross-sectional analyses a multiple linear regression 

was performed, in which the independent variables (beer, liquor, wine and total alcohol 

intakes) were divided into three categories according to the number of servings consumed: 

none (referent category), lower and middle tertiles among drinkers (aggregated together as 

one category, up to six servings per week for beer, up to three servings per week for liquor 

and wine) and upper tertile among drinkers. We selected these categories to allow for 

sufficient numbers of individuals in each group. For intake of total alcohol, the cut-off point 

between the middle and upper tertiles was defined at 19/ml day of intake; but we instead 

selected a more convenient cut point of 17.24 ml/day (equivalent to seven servings/week). 

The estimated difference in SU, compared with the referent group was the dependent 

variable in the models. All continuous covariates were kept continuous in the models. Age at 

inception, race and those covariates with p values of ≤0.20 in the initial bivariate analyses 

(without carrying out adjustments for multiple comparisons) were included in the 

subsequent multivariable models. An additional analysis in which the different forms of 

alcoholic beverage intakes were also considered as continuous variables was also performed 

to assess the effect of individual alcohol servings on SU. Observations with missing values 

for any of the covariates were excluded. SAS Statistical software version 9.1.3 (SAS 

Institute, Cary, North Carolina, USA) was used for this analysis.

RESULTS

Characteristics of the study population

A comparison of the included population at years 0 and 20 is presented in table 1. The BMI, 

SU, intake of meat and seafood and proportions of patients taking antihypertensive drugs 

and diuretic agents increased significantly in men and women from year 0 to year 20. In 

contrast, average serum creatinine levels, intake of dairy and total protein significantly 

decreased in both sexes from year 0 to year 20. The baseline characteristics of the subjects 

included in the final analyses differed significantly from those excluded by being older at 

baseline and more likely to be women or Caucasians. Additionally, subjects included had 

lower BMI and consumed less meat, dairy and protein than the CARDIA participants 
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excluded. Since there were large proportions of nondrinkers across all alcoholic beverage 

types and at both CARDIA examinations, median values of alcohol intake were close to 0.

Cross-sectional association of alcoholic beverage intake with SU for men and women

Bivariate associations of the different categories of alcoholic beverage intake and the studied 

covariates with SU are shown in table 2. Significant dose-dependent associations with SU 

were evident for women who drank beer, liquor and total alcohol at the year 0 evaluation and 

men who drank liquor at the year 20 evaluation. The associations between other alcoholic 

beverages and SU were for the most part non-significant. Race showed an association with 

changes in SU, as being African American was associated with a decrease in SU compared 

with Caucasians at baseline examination and with an increase in SU only among women at 

year 20 examination. BMI, serum creatinine and diuretic use were consistently associated 

with increases in SU in both examinations in men and women. Antihypertensive drug use 

and meat intake showed a similar consistent association with increases in SU only among 

women. When the diuretic and antihypertensive drug use variables where added to the 

models of association between alcohol intake and SU, they weakened the association 

between any alcoholic beverage intake and SU increases. The opposite effect was noted for 

the BMI variables that uniformly accentuated the positive associations of alcohol intake 

categories with SU increases.

The multivariable associations of the categories of alcoholic beverage intake and SU are 

shown in the figure 1. Dose-dependent increases in SU are noted in association with beer 

and total alcohol intake in both men and women, and with liquor intake only in men. The 

association of beer with increases in SU in men was significant only in the higher category 

of intake (at a median of 12 servings/week). Women at the year 0 evaluation had significant 

increases in SU at all categories of intake, as opposed to women at year 20 evaluation who 

had it only in the higher category of intake. The increases in SU associated with beer intake 

were more pronounced for women than for men at equivalent median consumptions.

An association between significantly higher SU concentrations with liquor intake was 

evident only in men at the year 20 evaluation. No significant associations were noted 

between liquor intake and SU among women or SU for either men or women with wine 

intake. Men and women in higher total alcohol intake categories had significantly higher SU 

than nondrinkers.

The absolute effect of the association between individual servings of alcohol on SU was 

small. The strongest association was noted for a maximum additional SU of 0.03 mg/dl per 

each additional weekly serving of beer in women examined at year 20. However, a 

significant interaction between sex and beer intake was found, with a more pronounced 

increase in SU among women than men with equivalent levels of beer intake. There were no 

interactions between sex and liquor or wine intake.

DISCUSSION

In this cohort of young Caucasians and African Americans we found a consistent association 

between beer and total alcohol intakes in the upper tertiles with higher SU levels in men and 
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women. These associations were stronger in women than in men. Smaller intakes of beer 

and total alcohol had less robust and for the most part non-significant associations with 

larger concentrations of SU.

Our findings have similarities to, and differences from, the results from other large 

epidemiological studies on the association of alcohol intake with SU. Choi and Curhan and 

Yu et al described associations between increasing intake of beer and greater SU 

concentrations.1216 Choi and Curhan also described a significant effect of liquor intake on 

SU, but found no effect of wine. Our findings were consistent with their results with respect 

to the effect of beer and wine but differed with regard to liquor, where we found an 

association and dose dependency only among men at the year 20 evaluation. In addition, we 

describe a stronger and consistent association between beer drinking and SU in women that 

is present in a younger population with a mean age of 25 years. Although there is no known 

biological explanation for these findings, we hypothesise that a loss of the more efficient 

renal uric acid excretion induced by oestrogen might have a role.1314 The lack of association 

between wine intake and higher levels of SU or incident gout has been a consistent finding 

in epidemiological studies.1227 However, despite careful epidemiological covariate 

adjustment, it is possible that residual confounding masks an association of wine with 

changes in SU.

An important difference between our population and those in previous studies is the mean 

age of study participants. Choi and Curhan and Yu et al examined people with a mean age of 

approximately 44 years. Our population at the first cross-sectional analysis was only 25 

years of age on average, but had a similar mean age to subjects in the other studies by the 

time of the second cross-sectional analysis 20 years later. This allowed us to compare the 

effects of alcohol on SU at different ages. The effect of individual servings of beer, liquor or 

wine on SU in our study was significant only for women beer drinkers. However, the effect 

was of small magnitude, and unlikely to be clinically relevant for gout in premenopausal 

women. The increases in SU attributable to an association with alcohol intake among men 

were also very small, but because men have SU levels that are closer to the urate saturation 

threshold (of 6.8 mg/dl28) even small increases may be relevant for incident gout. Our 

population included fewer than 80 people who self-reported gout, so these findings apply 

primarily to those not diagnosed with this condition as it is likely that purine overproduction 

induced by alcoholic beverages translate into larger SU increases in uric acid under-

excretors. The small SU increases induced by certain forms of alcohol intake could prove 

important at a population level, given data linking changes in SU with cardiovascular 

outcomes, renal function and the metabolic syndrome.29–32 Since our higher categories of 

intake are at or below the range defined as ‘moderate drinking’ by the US Dietary 

Guidelines for alcoholic beverages33 it is possible that any cardiovascular deleterious effect 

induced by hyperuricaemia as a consequence of alcoholic beverage intake would be 

compensated by the benefits attributed to moderate alcohol drinking,34 although it is 

important to notice that these benefits have been mainly reported in older adults.35

Being African American was associated with lower concentrations of SU at the baseline 

examination of men and women. This has not been previously reported and this finding 

could only be considered hypothesis generating. On the other hand, being African American 

Gaffo et al. Page 6

Ann Rheum Dis. Author manuscript; available in PMC 2017 April 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was associated with higher concentrations of SU among women, as previously reported for 

populations of this age.36 In addition, BMI was itself strongly associated with SU in the 

bivariate analysis and consistent with previous reports it affected the association between 

alcohol intake and SU in the multivariate analysis.12 This supports the notion that the effect 

of alcohol intake on SU should be stronger as BMI increases.

Our study has both strengths and limitations. It was performed in a well-established cohort 

with an important representation of African Americans. As a consequence, the findings are 

likely to be generalisable to similar populations with important proportions of individuals 

with African ancestry. The opportunity to study the population at different time points 

allowed us to analyse the effect of the exposure on SU at different ages with cross-sectional 

and longitudinal designs and to compare our results with previous studies in middle-aged 

adults. On the other hand, we lacked information about individuals with heavy alcohol 

intake, thus our findings are not applicable to heavier drinkers than our upper intake 

categories. Given the nature of cross-sectional analyses, it was impossible to gauge the 

direction of the exposure–effect relationships in those analyses. However, it is unlikely that a 

significant proportion of this young population changed their alcohol intake patterns because 

of a previously diagnosed hyperuricaemia or gout. Finally, a proportion of individuals might 

have inaccurately estimated their alcoholic beverage intakes.

In conclusion, we found a consistent dose-dependent association between higher SU 

concentrations and higher beer intake among women in a large US cohort. This association 

was also present in men but was neither as strong nor as consistent. An association of SU 

with liquor intake was significant only among men at the year 20 evaluation. Wine did not 

show an association with changes in SU for either men or women. The association of total 

alcohol intake with changes in SU seemed to be driven by the alcoholic beverage 

composition of the intake. The increases in SU associated with different forms of alcohol 

intake were of small magnitude and by themselves unlikely to affect the risk for gout. 

Increases in SU induced by alcohol intake are expected to be of higher magnitude when 

associated with other factors known to affect SU concentrations, such as weight, renal 

function and diuretic use. These findings do not apply to subjects with gout, as large 

proportions of them have impaired SU excretion.

The effect of the association between alcohol intake and SU on cardiovascular disease is 

difficult to predict because of the incompletely understood effects of both alcohol intake and 

SU on cardiovascular events. For men and women, moderation of certain types of alcohol 

beverage intake starting at an early age might be one of the factors lowering the future 

burden of gout and other urate-associated morbidities.
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Figure 1. 
Multivariable adjusted predicted serum urate difference (in mg/dl) associated with categories 

of alcoholic beverage intake ((A) beer; (B) liquor (spirits); (C) wine; (D) total alcohol) and 

compared with the referent group of non-drinkers. Numbers above the error bars represent 

the exact serum urate difference with non-drinkers, numbers in parentheses represent the 

median alcoholic beverage intake for each category in servings per week. Years 0 and 20 

multivariable modelling in both men and women was adjusted for age at inception, race, 

body mass index, serum creatinine, diuretic drug use and daily dairy intake. 
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Antihypertensive drug use was added to all models in men and in women only at year 20. 

Meat and seafood intake was added to both men and women year 20 models and protein 

intake only for men at year 0. *One serving of beer is equal to a 12-ounce bottle 

(approximately 355 ml), one serving of liquor is equal to a 1.5 ounce shot (approximately 44 

ml), one serving of wine is equal to a 5 ounce glass (approximately 148 ml), one serving of 

alcohol is equal to 17.24 ml. †Significantly different from non-drinkers (p<0.05).
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