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Coffee Consumption and Risk of Incident Gout in Men
A Prospective Study
Hyon K. Choi,1 Walter Willett,2 and Gary Curhan2
0.46–1.17), respectively (P for trend ⴝ 0.002). Total
caffeine from all sources and tea intake were not
associated with the risk of gout.
Conclusion. These prospective data suggest that
long-term coffee consumption is associated with a lower
risk of incident gout.

Objective. Coffee is one of the most widely consumed beverages in the world and may affect the risk of
gout via various mechanisms. We prospectively evaluated the relationship between coffee intake and the risk
of incident gout in a large cohort of men.
Methods. Over a 12-year period, we studied
45,869 men with no history of gout at baseline. Intake of
coffee, decaffeinated coffee, tea, and total caffeine was
assessed every 4 years through validated questionnaires. We used a supplementary questionnaire to ascertain whether participants met the American College
of Rheumatology survey criteria for gout.
Results. We documented 757 confirmed incident
cases of gout. Increasing coffee intake was inversely
associated with the risk of gout. The multivariate relative risks (RRs) for incident gout according to coffee
consumption categories (0, <1, 1–3, 4–5, and >6 cups
per day) were 1.00, 0.97, 0.92, 0.60 (95% confidence
interval [95% CI] 0.41–0.87), and 0.41 (95% CI 0.19–
0.88), respectively (P for trend ⴝ 0.009). For decaffeinated coffee, the multivariate RRs according to consumption categories (0, <1, 1–3, and >4 cups per day) were
1.00, 0.83, 0.67 (95% CI 0.54–0.82), and 0.73 (95% CI

Gout is the most common inflammatory arthritis
in adult males (1–4). The overall disease burden of gout
remains substantial and may be growing (5). Identifying
the risk factors for gout that are modifiable with available measures is an important first step in the prevention
and management of this common and excruciatingly
painful condition (2–4). Coffee consumption may affect
the risk of gout via various mechanisms including reducing serum uric acid levels (6) and influencing insulin
resistance (7–14). Coffee is one of the most widely
consumed beverages in the world. For example, more
than 50% of Americans drink coffee, and the average
per capita intake is ⬃2 cups per day (14,15). Given this
widespread use, information about the health effects of
coffee are important for public health as well as for an
individual to help make an informed choice regarding
coffee consumption.
Several potential mechanisms suggest that coffee
consumption may affect the risk of gout. Caffeine (1,3,7trimethyl xanthine) is a methyl xanthine and may be a
competitive inhibitor of xanthine oxidase, as demonstrated in rats (16). This potential property of caffeine
may exert a protective effect against gout similar to that
of allopurinol. Furthermore, caffeine stimulates thermogenesis and increases energy expenditure (17–19), which
may facilitate weight management, thus potentially leading to a lower risk of gout. However, in humans, acute
administration of caffeine decreases insulin sensitivity
and impairs glucose tolerance (7–11), which may lead to
an increased risk of hyperuricemia and gout. Because of
these complex physiologic effects of caffeine and be-
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cause tolerance to the humoral and hemodynamic effects of caffeine typically develops with long-term use
(20), it is difficult to extrapolate findings from shortterm metabolic studies to long-term use of caffeine (14).
Components of coffee other than caffeine may
affect the risk of gout by influencing insulin resistance
and circulating insulin levels (12–14). Higher long-term
coffee intake is associated with lower insulin levels (12)
and increased insulin sensitivity (21). Furthermore, several studies and a recent meta-analysis consistently
found that coffee consumption was inversely associated
with the risk of type 2 diabetes (13,14,22,23). Because
there is a strong positive relationship between serum
insulin resistance and hyperuricemia (5,24–27), and insulin reduces the renal excretion of urate (26,28,29),
decreased insulin resistance and insulin levels from
coffee consumption may lead to a lower risk of hyperuricemia and gout. Indeed, a Japanese cross-sectional
study of 2,240 men showed a significant inverse association between coffee consumption and serum uric acid
levels (6). Furthermore, a study of a nationally representative sample of US adults showed that coffee consumption was associated with a lower serum level of uric
acid and a lower frequency of hyperuricemia (30). To
examine these issues, we prospectively evaluated the
relationship between intake of coffee, decaffeinated
coffee, tea, and total caffeine and the incidence of gout
in a cohort of 45,869 men with no history of gout.
SUBJECTS AND METHODS
Study population. The Health Professionals Follow-up
Study is an ongoing longitudinal study of 51,529 male dentists,
optometrists, osteopaths, pharmacists, podiatrists, and veterinarians who were predominantly white (91%) and were ages
40–75 years in 1986. The participants returned a mailed
questionnaire in 1986 concerning diet, medical history, and
medications. Of the 48,642 men who provided complete information on coffee, 2,773 (5.7%) reported a history of gout on
the baseline questionnaire. These prevalent cases at baseline
were excluded from this analysis.
Assessment of coffee and dietary intake. To assess
dietary intake including coffee intake, we used a validated
food-frequency questionnaire that inquired about the average
use of ⬎130 foods and beverages during the previous year
(2–4,31,32). The baseline dietary questionnaire was completed
in 1986 and was updated every 4 years. On all questionnaires,
participants were asked how often on average during the
previous year they had consumed coffee and tea. Consumption
of decaffeinated coffee and different types of caffeinated soft
drinks was also assessed. We assessed the total intake of
caffeine by summing the caffeine content for a specific amount
of each food during the previous year (1 cup for coffee or tea,
one 12-ounce bottle or can for carbonated beverages, and 1
ounce for chocolate) multiplied by a weight proportional to the

frequency of its use. The participants could choose from 9
frequency responses (never, 1–3 per month, 1 per week, 2–4
per week, 5–6 per week, 1 per day, 2–3 per day, 4–5 per day,
and ⱖ6 per day). Using the US Department of Agriculture
food composition sources, we estimated that the caffeine
content was 137 mg per cup of coffee, 47 mg per cup of tea, 46
mg per bottle or can of cola beverage, and 7 mg per serving of
chocolate candy.
Food and nutrient intakes assessed by this dietary
questionnaire have been validated previously against two
1-week diet records in this cohort (31,33). Specifically, high
correlations were recorded for coffee and other caffeinated
beverage intake (r ⫽ 0.93 for coffee, r ⫽ 0.77 for tea, and r ⫽
0.84 for cola). Other relevant dietary data (i.e., intake of meats,
seafood, purine-rich vegetables, dairy foods, alcohol, and total
vitamin C) have been similarly validated, as previously described in detail (2,3,33,34).
Assessment of nondietary factors. At baseline and
every 2 years thereafter, the participants provided information
on weight, regular use of medications (including diuretics), and
medical conditions (including self-reported physiciandiagnosed chronic renal failure and hypertension) (4). Body
mass index (BMI) was calculated by dividing the updated
weight in kilograms by the square of the baseline height in
meters. The followup rate for this cohort was ⬎90% during the
study period.
Ascertainment of incident cases of gout. We ascertained incident cases of gout by the American College of
Rheumatology (ACR) survey gout criteria, as previously described (2–4). Briefly, on each biennial questionnaire, participants indicated whether they had received a physician diagnosis of gout. To those participants with self-reported incident
gout diagnosed in 1986 onward, we mailed a supplementary
questionnaire to confirm the report and to ascertain the
fulfillment of the ACR survey gout criteria (2–4,35). The
primary end point in this study was an incident case of gout
that met ⱖ6 of the 11 gout criteria (2–4,35). To confirm the
validity of the survey gout criteria in our cohort, we reviewed
the relevant medical records from a sample of 50 of the men
who had reported having gout. The concordance rate of
confirming the report of gout between the gout survey criteria
and the medical record review was 94% (47 of 50) (2–4).
Statistical analysis. We computed person-time of followup for each participant from the return date of the 1986
questionnaire to the date of diagnosis of gout, death from any
cause, or the end of the study period, whichever came first.
Men who died or had reported having gout on previous
questionnaires were excluded from subsequent followup.
To represent long-term coffee and caffeine intake
patterns of individual subjects, we used cumulative average
intakes based on the information from 1986, 1990, and 1994
dietary questionnaires (2–4,36,37). For example, the incidence
of gout from 1986 through 1990 was related to the coffee
intake reported on the 1986 questionnaire, and incidence from
1990 through 1994 was related to the average intake reported
on the 1986 and 1990 questionnaires. Secondary analyses using
only information from baseline questionnaires (in 1986)
yielded similar results.
We used Cox proportional hazards modeling (PROC
PHREG) to estimate the relative risk (RR) for incident gout in
all multivariate analyses (SAS Institute, Cary, NC). For these

COFFEE AND GOUT

2051

Table 1. Baseline characteristics according to coffee consumption level (1986)*
Coffee consumption level, cups/day
Variable

0
(n ⫽ 13,731)

⬍1
(n ⫽ 10,258)

1–3
(n ⫽ 16,892)

4–5
(n ⫽ 3,716)

ⱖ6
(n ⫽ 1,272)

All participants
(n ⫽ 45,869)†

Age, years
Body mass index, kg/m2
Diuretic use, %
History of hypertension, %
History of chronic renal failure, %
Alcohol intake, gm/day
Total meat intake, servings/day
Seafood intake, servings/day
Low-fat dairy foods intake, servings/day
High-fat dairy foods intake, servings/day
Total caffeine intake, mg/day
Tea, cups/day
Decaffeinated coffee, cups/day

54
24.7
10
22
0.1
8
1.2
0.4
1.1
1.0
46
0.4
0.7

55
24.8
10
21
0.1
10
1.3
0.4
1.0
1.1
99
0.5
0.9

54
24.9
10
21
0.1
13
1.4
0.4
0.9
1.3
320
0.4
0.6

53
25.2
8
17
0.1
14
1.6
0.4
0.9
1.6
668
0.3
0.3

52
25.0
5
15
0.0
16
1.7
0.3
0.9
1.8
880
0.4
0.3

54 ⫾ 10
24.8 ⫾ 5
9
21
0.1
11 ⫾ 15
1.4 ⫾ 0.7
0.4 ⫾ 0.3
1.0 ⫾ 1.6
1.2 ⫾ 1.3
232 ⫾ 228
0.4 ⫾ 0.8
0.4 ⫾ 0.8

* Except where indicated otherwise, values are the mean. All data except for age were directly standardized to the age distribution of each study
sample.
† Mean ⫾ SD.

analyses, coffee consumption was categorized into 5 groups:
never, ⬍1 cup per day, 1–3 cups per day, 4–5 cups per day, and
ⱖ6 cups per day (14). Caffeine intake was categorized into
quintiles (12,14). Multivariate models were adjusted for age
(continuous), total energy intake (continuous), alcohol consumption (7 categories), BMI (5 categories), use of diuretics
(thiazide or furosemide) (yes or no), history of hypertension
(yes or no), history of chronic renal failure (yes or no), daily
average intake of meats, seafood, purine-rich vegetables, and
dairy foods, and total vitamin C (quintiles) (2–4). Trends in
gout risk across categories of coffee or caffeine intake were
assessed in Cox proportional hazards models by using the
median values of intake for each category to minimize the
influence of outliers. We conducted analyses stratified by BMI
(⬍25 kg/m2 versus ⱖ25 kg/m2), by alcohol use (yes or no), by
history of hypertension (yes or no), and by total meat intake
(ⱕ1.2 servings/day [median value] versus ⬎1.2 servings/day) to
assess possible effect modification. We tested the significance
of the interaction with a likelihood ratio test by comparing a
model with the main effects of each intake and the stratifying
variable and the interaction terms with a reduced model with
only the main effects. For all RRs, we calculated 95% confidence intervals (95% CIs). All P values are 2-sided.

RESULTS
During 12 years of followup, we documented 757
newly diagnosed cases meeting ACR criteria for gout.
The characteristics of the cohort according to coffee
consumption levels at baseline are shown in Table 1.
With increasing coffee consumption, the frequency of a
history of hypertension and diuretic use tended to
decrease, but intakes of alcohol, meat, and high-fat dairy
foods tended to increase (Table 1).
Increasing coffee intake was inversely associated

with the risk of gout (Table 2). The multivariate RRs for
incident gout according to coffee consumption categories (0, ⬍1, 1–3, 4–5, and ⱖ6 cups per day) were 1.00,
0.97, 0.92, 0.60 (95% CI 0.41–0.87), and 0.41 (95% CI
0.19–0.88), respectively (P for trend ⫽ 0.009). These
RRs did not change materially after additional adjustment for smoking (multivariate RR for ⱖ6 cups per day:
0.41 [95% CI 0.19–0.89]). When we restricted our
analysis to men who did not use diuretics (n ⫽ 601 gout
cases), the corresponding multivariate RRs were 1.00,
1.01, 0.90, 0.49 (95% CI 0.31–0.80), and 0.30 (95% CI
0.12–0.75) (P for trend ⫽ 0.008).
There was a modest inverse association between
decaffeinated coffee consumption and incidence of gout
(Table 2). The multivariate RRs according to decaffeinated coffee consumption categories (0, ⬍1, 1–3, and ⱖ4
cups per day) were 1.00, 0.83, 0.67 (95% CI 0.54–0.82),
and 0.73 (95% CI 0.46–1.17), respectively (P for trend ⫽
0.002). Tea consumption was not associated with risk for
gout (P for trend ⫽ 0.62) (Table 2).
There was no significant association between
total caffeine intake and risk for gout (Table 3). To
evaluate the impact of non-coffee sources of caffeine, we
examined the association between caffeine intake and
risk for gout among non–coffee users and observed a
null result (multivariate RR comparing extreme quintiles: 1.08 [95% CI 0.62–1.87]). Furthermore, when we
additionally adjusted for caffeine intake in the multivariate model in Table 2, the inverse association with coffee
intake did not change materially (multivariate RR for
ⱖ6 cups per day 0.44 [95% CI 0.19–0.99]).
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Table 2. Relative risk of incident gout according to coffee, tea, and decaffeinated coffee consumption level*
Consumption level
Coffee, cups/day
0
⬍1
1–3
4–5
ⱖ6
P for trend
Decaffeinated coffee, cups/day
0
⬍1
1–3
ⱖ4
P for trend
Tea, cups/day
0
⬍1
1–3
ⱖ4
P for trend

No. of cases

Person-years

Age/BMI/alcohol-adjusted RR (95% CI)†

Multivariate RR (95% CI)‡

174
198
336
38
7
–

110,745
116,691
174,488
27,192
7,310
–

1.0
0.95 (0.77–1.17)
0.96 (0.79–1.16)
0.65 (0.45–0.93)
0.44 (0.21–0.95)
0.03

1.0
0.97 (0.78–1.20)
0.92 (0.75–1.11)
0.60 (0.41–0.87)
0.41 (0.19–0.88)
0.009

314
263
153
20
–

170,748
158,190
95,660
9,900
–

1.0
0.88 (0.75–1.04)
0.76 (0.62–0.92)
0.87 (0.55–1.38)
0.03

1.0
0.83 (0.70–0.99)
0.67 (0.54–0.82)
0.73 (0.46–1.17)
0.002

236
385
126
7
–

146,198
217,341
66,949
4,347
–

1.0
1.14 (0.97–1.35)
1.22 (0.98–1.52)
1.01 (0.47–2.14)
0.49

1.0
1.09 (0.92–1.30)
1.06 (0.85–1.33)
0.82 (0.38–1.75)
0.62

* The number of gout cases do not add up to the total because of missing data. RR ⫽ relative risk; 95% CI ⫽ 95% confidence interval.
† Age/body mass index (BMI)/alcohol–adjusted models were also adjusted for total energy.
‡ Adjusted for age, total energy intake, BMI, diuretic use, history of hypertension, history of renal failure, and intake of alcohol, total meats, seafood,
purine-rich vegetables, dairy foods, total vitamin C, and the beverages presented in this table.

We conducted stratified analyses to determine
whether the association between coffee consumption
and gout varied according to BMI, alcohol use, history
of hypertension, and total meat intake. RRs from these
stratified analyses consistently suggested inverse associations similar to those from main analyses, and there was
no significant interaction between these variables and
coffee intake (all P for interaction ⬎ 0.05).
DISCUSSION
Our objective was to prospectively evaluate the
potential association between coffee intake and the risk
of gout in a large cohort of men. Using the ACR criteria
for gout (35), we found that the risk of incident gout

decreased with increasing coffee intake. The risk of gout
was 40% lower with coffee intake of 4–5 cups per day
and 59% lower with ⱖ6 cups per day, compared with no
use. We also found a modest inverse association with
decaffeinated coffee consumption. These associations
were independent of dietary and other risk factors for
gout such as BMI, age, hypertension, diuretic use,
alcohol consumption, and chronic renal failure. The
current study provides the first prospective data about
the inverse association between coffee intake and risk of
gout.
The modest inverse association with decaffeinated coffee suggests that components of coffee other
than caffeine may primarily contribute to the observed

Table 3. Relative risk of incident gout according to caffeine intake*
Quintile of caffeine intake,
mg/day

No. of cases

Person-years

Age/BMI/alcohol-adjusted RR
(95% CI)†

Multivariate RR
(95% CI)‡

⬍34
34–114
115–220
221–379
ⱖ380
P for trend

125
138
178
164
152
–

87,072
88,763
87,938
88,007
88,672
–

1.0
0.99 (0.78–1.27)
1.21 (0.96–1.52)
1.00 (0.78–1.27)
0.90 (0.70–1.16)
0.22

1.0
0.92 (0.72–1.17)
1.09 (0.86–1.38)
0.94 (0.74–1.20)
0.83 (0.64–1.08)
0.19

* See Table 2 for definitions.
† Age/BMI/alcohol-adjusted models were also adjusted for total energy.
‡ Adjusted for age, total energy intake, BMI, diuretic use, history of hypertension, history of renal failure, and intake of alcohol, total meats, seafood,
purine-rich vegetables, total vitamin C, and dairy foods.
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inverse association between coffee intake and the risk of
gout. This inference was consistent with the absence of
an association with total caffeine intake and the null
association with tea intake, which is another major
source of caffeine. These results are closely in line with
those of the Japanese cross-sectional study (6) and the
Third National Health and Nutrition Examination Survey study (30), both of which found coffee consumption,
but not tea consumption, to be inversely associated with
serum uric acid levels. Furthermore, these results agree
with the recent data about the relationship between
these beverages and serum insulin level (12), which is a
strong correlate of serum uric acid level (26,28,29).
Notably, both caffeinated and decaffeinated coffee were
found to be inversely associated with C peptide levels (a
marker of endogenous insulin levels), but tea intake or
total caffeine intake after adjusting for coffee intake was
not (12).
Coffee is the major source of the phenol chlorogenic acid, a strong antioxidant. Previous studies have
suggested that plasma glucose concentrations are reduced by chlorogenic acid (38), which may combine with
other antioxidants in coffee to decrease oxidative stress
(12). Antioxidants may improve insulin sensitivity
(39,40) and decrease insulin levels in rats (41). Chlorogenic acid also acts as a competitive inhibitor of glucose
absorption in the intestine (42). Indeed, decaffeinated
coffee seemed to delay intestinal absorption of glucose
and increase glucagon-like peptide 1 concentrations in
an intervention study in humans (43). Glucagon-like
peptide 1 is well known for its beneficial effects on
glucose-induced insulin secretion and insulin action
(44). Tea also contains many different types of antioxidants; however, the antioxidant capacity per serving and
total contributions are substantially higher in coffee than
in tea (12,45–47). Furthermore, the effect of caffeine
may also depend on other components of coffee. It has
also been speculated that noncaffeine xanthines contained in coffee may inhibit xanthine oxidase, thus
contributing to lower serum uric acid levels (6).
Caffeine (1,3,7-trimethyl xanthine) is metabolized by demethylation, and the major human pathway
results in paraxanthine (1,7-dimethyl xanthine), leading
to the principal urinary metabolites of l-methyl xanthine,
1-methyl uric acid, and an acetylated uracil derivative.
Caffeine and other methyl xanthines were shown to
competitively inhibit xanthine oxidase in in vitro and in
vivo studies of rats (16). Similarly, caffeine may reduce
the risk of gout via xanthine oxidase inhibition in
humans. However, because administration of caffeine
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lowers insulin sensitivity in humans (7–11), this action of
caffeine may increase the risk of gout, although these
effects may not persist during chronic caffeine consumption (9). Of note, complete tolerance can develop after
several days of caffeine use with respect to humoral and
hemodynamic variables such as blood pressure, heart
rate, plasma renin activity, plasma catecholamines, or
urinary catecholamines (20,48). Reflecting these opposing possibilities of the effect of caffeine on the risk of
gout, our results suggest that long-term intake of caffeine per se may not be a significant net contributor to
the risk of gout.
Several strengths and potential limitations of this
study deserve comment. Our study was substantially
larger than previous studies concerning gout (1,49–54),
and dietary data including coffee intake information
were prospectively collected and validated. Potential
biased recall of diet was avoided in this study because
the intake data were collected before the diagnosis of
gout. Because coffee consumption was self-reported by
questionnaire, some misclassification of exposure is inevitable. However, self-reported coffee consumption has
been extensively validated in subsamples of this cohort,
and any remaining misclassification would have likely
biased the results toward the null. The use of repeated
dietary assessments in the analyses not only accounts for
changes in coffee use over time, but also decreases
measurement error. The validity of gout ascertainment
in this cohort has been documented by the high degree
of concordance with medical record review (2–4). Furthermore, the incidence rate of gout fulfilling the criteria
in our cohort closely agreed with that estimated among
male physicians in the Johns Hopkins Precursor Study
(1) (1.5 versus 1.7 per 1,000 person-years, respectively).
The restriction to health professionals in our
cohort is both a strength and a limitation. The cohort of
well-educated men minimizes the potential for confounding associated with socioeconomic status, and we
were able to obtain high-quality data with minimal loss
to followup. Although the absolute rates of gout and
distribution of coffee intake may not be representative
of a random sample of US men, the biologic effects of
coffee intake on gout should be similar. Our findings are
most directly generalizable to men ages 40 years and
older (the most gout-prevalent population [49]) with no
history of gout. Given the potential influence of female
hormones on the risk of gout in women (55) and an
increased role of dietary impact on uric acid levels
among patients with existing gout (56), prospective
studies of these populations would be valuable.
Our study was observational; thus, we cannot rule
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out the possibility that unmeasured factors might contribute to the observed associations. Overall, however,
our findings provide prospective evidence that long-term
coffee consumption is associated with a lower risk of
gout.
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