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ABSTRACT
Background: Physical activity and cardiorespiratory fitness are not
currently recognized as factors related to preventing gout, nor are
risk factors for gout in physically active men well understood.
Objective: The objective was to identify risk factors for gout in
ostensibly healthy, vigorously active men.
Design: Incident self-reported gout was compared with baseline
diet, body mass index (BMI; in kg/m2), physical activity (in km/d
run), and cardiorespiratory fitness (in m/s during 10-km footrace)
prospectively in 28 990 male runners.
Results: Men (n � 228; 0.79%) self-reported incident gout during
7.74 y of follow-up. The risk of gout increased with higher alcohol
intake [per 10 g/d; relative risk (RR): 1.19; 95% CI: 1.12, 1.26; P �
0.0001], meat consumption (per servings/d; RR: 1.45; 95% CI: 1.06,
1.92; P � 0.002), and BMI (RR: 1.19; 95% CI: 1.15, 1.23; P �
0.0001) and declined with greater fruit intake (per pieces/d; RR:
0.73; 95% CI: 0.62, 0.84; P � 0.0001), running distance (per km/d;
RR: 0.92; 95% CI: 0.88, 0.97; P � 0.001), and fitness (per m/s; RR:
0.55; 95% CI: 0.41, 0.75; P � 0.0001). The RR per 10 g alcohol/d
consumed as wine (1.27; P � 0.002), beer (1.19; P � 0.0001), and
mixed drinks (1.13; P � 0.18) was not significantly different from
each other. Men who consumed �15 g alcohol/d had 93% greater
risk than abstainers, and men who averaged �2 pieces fruit/d had
50% less risk than those who ate �0.5 fruit/d. Risk of gout was
16-fold greater for BMI � 27.5 than � 20. Compared with the least
active or fit men, those who ran �8 km/d or �4.0 m/s had 50% and
65% lower risk of gout, respectively. Lower BMI contributed to the
risk reductions associated with distance run and fitness.
Conclusion: These findings, based on male runners, suggest that the
risk of gout is lower in men who are more physically active, maintain
ideal body weight, and consume diets enriched in fruit and limited in
meat and alcohol. Am J Clin Nutr 2008;87:1480–7.

INTRODUCTION

Gout results from the deposition of monosodium urate crystals in
joints, causing an inflammatory response (1, 2). It is the most com-
mon inflammatory arthritis among men �40, affecting �3.4
million American men (2). The US National Health Interview
Survey found that the overall prevalence in 1996 of self-reported
gout with age � 45 y was 4.6% in men and 2% in women (3).

Hyperuricemia is the most important risk factor for gout (1, 3).
The Normative Aging Study reported a 4.9% annual incidence
for persons with urate concentrations � 9 mg/dL compared with
0.1% in persons with urate concentrations � 7 mg/dL (4). Higher
uric acid concentrations probably explain the greater prevalence
of gout in men than in women. However, most hyperuricemic

patients do not develop gout (5). Other purported risk factors
include hypertension, diuretic and low-dose aspirin use, total and
intraabdominal obesity, excessive weight gain in early adult-
hood, alcohol consumption, renal insufficiency, renal and other
major organ transplantations, and family history (3). Although
patients with gout are encouraged to avoid purine-rich foods, this
recommendation is based primarily on increases of serum uric
acid in animals and in humans fed purified purine, rather than
purine’s direct affect on gouty arthritis (6–9). There have been
few prospective studies of diet, adiposity, and hypertension to
support their causal relation to incident gout.

Physical activity is largely ignored with respect to gout pre-
vention (3). Cross-sectionally, serum concentrations of uric acid
decline in relation to weekly distance run (10) and are lower in
athletes than in healthy nonathletic controls (11). Whether post-
exercise increases in serum concentrations of uric acid because of
decreased excretion might cause monosodium urate crystals to
precipitate and trigger gouty attacks is not known (12). Cross-
sectionally, persons with nondisabling arthritis are more likely to
report no leisure-time physical activity and are less likely to
report vigorous exercise than are persons without arthritis (13),
but this could be due to arthritis limiting the exercise dose rather
than to exercise producing a reduction in arthritis risk.

This report examines prospectively the dose-response rela-
tions of incident gout to baseline diet, body weight, hypertension,
physical activity, and cardiorespiratory fitness. The National
Runners’ Health Study was created to assess the health benefits
of vigorous exercise (10, 14–17). Although other established
cohorts have reported on the health effects of physical activity or
fitness, all were selected with the use of geographical, occupa-
tional, or professional criteria and therefore include relatively
few vigorously active men. This article also reports on cross-
sectional relations of baseline serum concentrations of uric acid
with baseline exercise, obesity, diet, hypertension, and aspirin
use to determine their consistency with the prospective data.
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SUBJECTS AND METHODS

The design and methods of the National Runners’ Health
Study were described elsewhere (10, 14–17). Briefly, recruiting
of this cohort took place between 1991 and 1993 by distributing
a 2-page questionnaire nationally to runners identified through
subscription lists to running magazine and among participants of
footrace events. The questionnaire solicited information on de-
mographics, running history, weight history, smoking habit,
prior history of heart attacks and cancer, and medications for
blood pressure, thyroid, cholesterol, and diabetes. I estimate that
�15% returned the questionnaires among the total number con-
tacted. There were 36 152 nonsmoking, nondiabetic, nonveg-
etarian men who provided complete data on age, body mass index
(BMI; in kg/m2), and weekly distance run. These included 5291
men who had their most recent uric acid concentrations for-
warded to us by their physicians (10). The study protocol was
approved by the University of California Berkeley Committee
for the Protection of Human Subjects, and all participants signed
committee-approved informed consents.

Follow-up questionnaires were mailed between 1998 and
2001 and requested updated information on the average distance
run per week and other running history, body weight, and med-
ical history. Participants reported whether a physician had told
them they had gout since their baseline questionnaire and pro-
vided the year of diagnosis. Running distances were reported in
usual miles run per week at baseline. Previously, I reported
strong correlations between repeated questionnaires for self-
reported running distance (r � 0.89) (17) and between self-
reported and clinically measured height (r � 0.96) and weight (r
� 0.96) (17). In addition, self-reported running distance was
shown to be significantly associated with a number of biomarkers
traditionally associated with physical activity, including HDL-
cholesterol, triacylglycerols, and LDL-cholesterol concentra-
tions; systolic and diastolic blood pressures; fasting plasma con-
centrations of glucose; and self-reported BMI and body
circumferences (10). Although other leisure-time physical activ-
ities were not recorded for this cohort, data from runners re-
cruited after 1998 (when the question was added to the survey)

show that running represents (x� � SD) 91.5 � 19.1% of all
vigorously intense activity and 73.5 � 23.7% of total leisure-
time physical activity.

Intakes of meat, fish, and fruit were based on the questions
“During an average week, how many servings of beef, lamb, or
pork do you eat,” “�servings of fish do you eat,” and “�pieces of
fruit do you eat?” Consumptions of fruit juice, vegetables, and
specific fruit were not obtained. Alcohol intake was estimated
from the corresponding questions for 4-oz (112 mL) glasses of
wine, 12-oz (336 mL) bottles of beer, and mixed drinks and
liqueurs. Alcohol was computed as 10.8 g/4-oz glass of wine,
13.2 g/12-oz bottle of beer, and 15.1 g/mixed drink. Correlations
between these responses and values obtained from 4-d diet
records in 110 men were r � 0.65 for alcohol intake, r � 0.46 for
red meat, r � 0.38 for fruit, and r � 0.19 for fish. These values
agree favorably with published correlations between food
records and more extensive food-frequency questionnaires for
red meat (r � 0.50), wine (r � 0.66), beer (r � 0.70), and mixed
drinks (r � 0.72), somewhat less favorably for fruit intake (r �
0.50), and less favorably for fish intake (r � 0.51) (18). Errors in
measuring the independent variable, as indicated by a low test-
retest correlation, attenuate the magnitude and significance of the
variable’s relation to gout (survival analyses) and uric acid con-
centrations (regression analyses). For this report, baseline car-
diorespiratory fitness was defined as speed (in m/s) of the par-
ticipant’s best 10-km race during the previous 5 y (reported as
finish time in minutes). Published data support the use of running
performance to estimate maximal oxygen consumption (19–23),
and 10-km race performance times were shown to be more
strongly correlated with the prevalence of diabetes, hyperten-
sion, and hypercholesterolemia than was running distance (24).

Cox proportional hazard model (JMP software version 5.0;
SAS Institute, Cary, NC) was used to estimate the dose-response
relations of incident gout to baseline body weight and circum-
ferences, usual distances run, and cardiorespiratory fitness. Re-
ported intakes of alcohol, meat, fish, and fruit, along with age,
hypertension, and BMI, were used as covariates, with quadratic
terms for age and BMI, because of their nonlinear relations to

TABLE 1
Distribution of covariates at baseline (n � 28 990 men)

Percentile

10th 25th 50th 75th 90th

Age (y) 32.15 37.90 44.63 51.36 58.62
Aspirin (tablets/d) 0 0 0 0.57 1.00
Meat (servings/d) 0 0.14 0.29 0.57 0.86
Fish (servings/d) 0 0.14 0.14 0.29 0.43
Fruit (pieces/d) 0.43 0.71 1.43 2.14 3.00
Total alcohol (10 g/d) 0 0 0.49 1.44 2.73
Beer (10 g/d) 0 0 0 0.15 0.77
Wine (10 g/d) 0 0 0.18 0.75 1.86
Mixed drinks (10 g/d) 0 0 0 0 0.43
BMI (kg/m2) 20.97 22.15 23.60 25.23 27.12
Waist circumference (cm) [n � 27 302 men] 76.20 81.28 83.82 86.36 91.44
Chest circumference (cm) [n � 23 651 men] 91.44 96.52 101.60 106.68 111.76
BMIpreexercise (kg/m2) 19.74 22.08 24.11 26.17 28.43
Running distance (km/d) 1.84 3.45 4.60 6.90 9.20
10-km Race performance (m/s) [n � 24 400 men] 3.26 3.55 3.97 4.27 4.63
Uric acid (mg/dL) [n � 5291 men] 4.0 4.7 5.5 6.3 7.1

DIET AND OTHER RISK FACTORS FOR GOUT 1481

 by guest on D
ecem

ber 27, 2011
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org/


running distance and each other. All data were inspected for
potential outliers before analyses. In addition, analyses were
performed with the use of the risk factors as both continuous and
categorical measures; although the statistical power to detect
associations may be less for the categorical scale, re-expressing
the exposure variables for categorical measures provides greater
robustness to outliers.

RESULTS

There were 28 990 nonsmoking, nonvegetarian, and nondia-
betic men who reported their average weekly running distance,
height, body weight, and age at baseline, provided follow-up
questionnaires, and did not report diagnosis of gout before their
baseline survey (80.2% follow-up). Responders were somewhat
older (x� � SD: 44.7 � 10.9 y compared with 42.2 � 10.8 y) and
had a lower BMI (23.9 � 2.7 compared with 24.3 � 2.9) than did
nonresponders, but responders and nonresponders ran similar
baseline distances (3.3 � 2.0 km/d and 3.4 � 2.1 km/d). The
distributions of the responder sample characteristics are shown in
Table 1. These included 228 men (0.79%) who reported incident
gout during 7.74 � 1.84 y of follow-up. Data from the women
were not analyzed because only 8 of the 11 983 women surveyed
reported a diagnosis of gout.

The distribution of physical activity, cardiovascular fitness,
and BMI, in relation to each other and age and diet, is shown in
Table 2. Men who were fitter, more physically active, and leaner
tended to be younger and to eat less meat and more fruit. The
more active men were also fitter and leaner, the fitter men were
more active and leaner, and the leaner men were more active and
more fit.

Body weight and size

The significant increase in risk with increasing BMI, waist
circumference, and chest circumference is shown in Table 3.
BMI appeared to account for all of the significant associations
between gout and waist circumference but only a portion of
gout’s association with chest circumference. Figure 1, which
displays the progressive increase in risk with increasing BMI,
shows that men with BMI � 20 had 85% lower risk of gout
than did men with BMI � 27.5. Adjustment for physical
activity diminished only slightly the decline in risk associated
with lower BMI.

Diet

When adjusted for age, hypertension, aspirin use, and other
dietary components, incident self-reported gout was associated
with greater consumption of meat [per servings/d; relative risk

TABLE 2
Distribution of selected covariates by physical activity, cardiorespiratory fitness, and BMI1

Categories

Lowest Low Intermediate High Highest

Physical activity2

Age (y) 45.41 � 10.99 45.96 � 10.34 45.26 � 10.00 44.80 � 10.40 42.78 � 10.40
Cardiorespiratory fitness (m/s) 3.70 � 0.55 3.70 � 0.49 3.88 � 0.47 4.05 � 0.46 4.31 � 0.50
BMI (kg/m2) 25.17 � 3.19 24.51 � 2.59 23.89 � 2.34 23.34 � 2.18 22.69 � 2.11
Meat (servings/d) 0.47 � 0.40 0.44 � 0.39 0.40 � 0.37 0.38 � 0.38 0.34 � 0.37
Fish (servings/d) 0.22 � 0.21 0.22 � 0.20 0.22 � 0.21 0.22 � 0.20 0.21 � 0.21
Fruit (servings/d) 1.32 � 1.16 1.46 � 1.15 1.57 � 1.19 1.71 � 1.28 1.80 � 1.48
Alcohol (10 g/d) 0.88 � 1.28 1.05 � 1.44 1.04 � 1.41 0.98 � 1.41 0.97 � 1.43

Cardiorespiratory fitness3

Age (y) 53.51 � 11.51 49.51 � 10.07 46.18 � 9.29 42.69 � 8.62 37.43 � 8.87
Physical activity (km/d) 3.48 � 2.27 4.07 � 2.21 5.04 � 2.53 6.22 � 3.04 8.14 � 3.97
BMI (kg/m2) 25.62 � 3.19 24.95 � 2.67 24.02 � 2.36 23.25 � 2.08 22.24 � 1.90
Meat (servings/d) 0.41 � 0.39 0.42 � 0.38 0.41 � 0.38 0.38 � 0.37 0.39 � 0.40
Fish (servings/d) 0.26 � 0.23 0.24 � 0.22 0.22 � 0.20 0.21 � 0.19 0.20 � 0.20
Fruit (servings/d) 1.55 � 1.17 1.51 � 1.22 1.55 � 1.22 1.65 � 1.30 1.67 � 1.33
Alcohol (g/d) 1.01 � 1.44 1.06 � 1.49 1.07 � 1.43 1.00 � 1.38 0.88 � 1.31

BMI4

Age (y) 40.74 � 13.06 43.94 � 11.39 45.38 � 10.07 45.73 � 9.33 45.27 � 8.78
Physical activity (km/d) 7.53 � 4.35 6.47 � 3.53 5.35 � 2.98 4.43 � 2.55 3.55 � 2.59
Cardiorespiratory fitness (m/s) 4.32 � 0.60 4.15 � 0.53 3.93 � 0.49 3.72 � 0.47 3.55 � 0.48
Meat (servings/d) 0.37 � 0.41 0.37 � 0.37 0.40 � 0.37 0.44 � 0.39 0.49 � 0.42
Fish (servings/d) 0.19 � 0.18 0.21 � 0.20 0.22 � 0.21 0.23 � 0.21 0.23 � 0.21
Fruit (servings/d) 1.70 � 1.36 1.70 � 1.33 1.59 � 1.27 1.47 � 1.18 1.36 � 1.13
Alcohol (g/d) 0.73 � 1.13 0.92 � 1.30 1.03 � 1.40 1.13 � 1.56 0.98 � 1.54

1 All values are x� � SD. ANOVA for significance across columns was �0.0001 for all variables except fish intake by physical activity.
2 Physical activity was �2 km/d for the lowest category, 2–4 km/d for the low category, 4–6 km/d for the intermediate category, 6–8 km/d for the high

category, and �8 km/d for the highest category.
3 Cardiorespiratory fitness was �3 m/s for the lowest category, 3–3.5 m/s for the low category, 3.5–4.0 m/s for the intermediate category, 4.0–4.5 m/s

for the high category, and �4.5 m/s for the highest category.
4 BMI (in kg/m2) was �20 for the lowest category, 20–22.5 for the low category, 22.5–25 for the intermediate category, 25–27.5 for the high category,

and �27.5 for the highest category.
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(RR): 1.45; 95% CI: 1.06, 1.92; P � 0.002] and alcohol (per 10 g/d;
RR: 1.19; 95%CI: 1.12, 1.26; P � 0.0001) and less consumption of
fruit (perpieces/d;RR:0.73;95%CI:0.62,0.84;P�0.0001).When
included simultaneously in the survival analyses, RRs per 10 g
alcohol/d consumed in wine (1.27; 95% CI: 1.10, 1.44; P � 0.002),
beer (1.19; 95% CI: 1.10, 1.27; P � 0.0001), or mixed drinks (1.13;
95% CI: 0.94, 1.31; P � 0.18) were not significantly different from
each other. The associations were unaffected by adjustment for
running distance or 10-km performance times, and adjustment for
BMI reduced the significance of the association with meat intake
(per serving/d; RR: 1.25; 95% CI: 0.90, 1.68; P � 0.17) but not fruit
(per pieces/d; RR: 0.77; 95% CI: 0.66, 0.88; P � 0.0001) or alcohol
(per10g/d;RR:1.19;95%CI:1.12,1.25;P�0.0001).The increase
in incident gout with higher alcohol consumption and its decrease
with higher fruit intake are shown in Figure 2. The risk of self-
reported gout was 93% higher in men who consumed �15 g alco-
hol/d than inmenwhoabstained fromalcohol, and itwas50%lower
in men that consumed �2 pieces of fruit/d than in men averaging
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FIGURE 1. Relative risk of incident gout by baseline BMI (in kg/m2)
from Cox proportional hazard model in 28 990 men adjusted for age, hyper-
tension, and daily intakes of meat, fish, fruit, alcohol, and aspirin. Additional
adjustment was made for physical activity (in km/d) where indicated. P for
trend is reported in parentheses. Bonferroni-corrected significant differences
relative to BMI � 20 are coded as follows: *P � 0.05, †P � 0.01, ‡P � 0.001,
and §P � 0.0001. The 95% CIs for the risk ratios for BMI unadjusted for
physical activity are 0.71 and 58.02 for BMI 20–22.5, 1.00 and 79.00 for BMI
22.5–25, 2.01 and 158.09 for BMI 25–27.5, and 3.27 and 261.66 for BMI
�27.5.

0

0.5

1

1.5

2

2.5

R
el

at
iv

e 
ri

sk

Alcohol intake (g/d)

‡
‡

**

Unadjusted for 
km/wk and BMI

(P<0.0001)

km/wk adjusted
(P=0.0001)

BMI adjusted
(P<0.0001)

*

‡

0-5
10-15

0 5-10
>15

0-5
10-15

0 5-10
>15

0-5
10-15

0 5-10
>15

0

0.2

0.4

0.6

0.8

1

1.2

1.4

R
el

at
iv

e 
ri

sk

Fruit intake (servings/wk)

*
†

* †

0.5-1.0

1.5-2.0

0-0.5
>2.0

1.0-1.5
0.5-1.0

1.5-2.0

0-0.5
>2.0

1.0-1.5

0.5-1.0

1.5-2.0

0-0.5
>2.0

1.0-1.5

km/wk adjusted
(P=0.0001)

BMI adjusted
(P=0.0001)

Unadjusted for 
km/wk and BMI

(P<0.0001)

FIGURE 2. Relative risk of incident gout by reported daily intakes of
alcohol and fruit in 28 990 men from Cox proportional hazard model adjusted
for age, hypertension, and weekly intakes of other foods and aspirin. Addi-
tional adjustment was made for physical activity and BMI where indicated.
P for trend value is reported in parentheses. Bonferroni-corrected significant
differences relative to the lowest consumptions are coded as follows: *P �
0.05, †P � 0.01, ‡P � 0.001, and §P � 0.0001. The 95% CIs for the risk ratios
for alcohol intake were 0.78 and 1.87 for 0–5 g alcohol/d, 0.70 and 1.81 for
5–10 g alcohol/d, 1.18 and 2.90 for 10–15 g alcohol/d, and 1.39 and 2.82) for
�15 g alcohol/d and 0.62 and 1.33 for 0.5–1 piece fruit/d, 0.42 and 0.89 for
1–1.5 pieces fruit/d, 0.26 and 0.98 for 1.5–2.0 pieces fruit/d, and 0.33 and 0.74
for �2.0 pieces fruit/d unadjusted for physical activity or BMI.

TABLE 3
Relative risk (95% CI) for incident self-reported physician-diagnosed gout during 7.74 y of follow-up in relation to BMI (n � 28 990) and waist
(n � 27 302) and chest (n � 23 651) circumferences1

Unadjusted for daily running
distance (km/d) and BMI

Adjusted for running
distance (km/d)

Adjusted for
BMI

BMI, per kg/m2 1.19 (1.15, 1.23)2 1.18 (1.14, 1.23)2

Waist circumference, per cm 1.06 (1.04, 1.08)2 1.06 (1.04, 1.07)2 1.01 (0.98, 1.04)
Chest circumference, per cm 1.07 (1.05, 1.08)2 1.06 (1.04, 1.08)2 1.03 (1.00, 1.05)3

1 Cox proportional hazard model was adjusted for age; for daily intakes of meat, fish, fruit, alcohol, and aspirin; and for hypertension. Additional adjustment
was made for physical activity and BMI where indicated.

2 P � 0.0001.
3 P � 0.01.
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�0.5 pieces/d. These relations were largely unaffected by adjust-
ment for physical activity (in km/d) or BMI.

Physical activity and cardiorespiratory fitness

Both longer daily running distance and faster 10-km footrace
performance speed predicted lower risk of incident gout (Table
4; Figure 3). The effect of fitness on incident gout was largely
independent of the distance run per day. Men who on average ran
�8 km/d had 50% lower risk of developing gout than did the least
active runners (Figure 3). The findings suggest there were incre-
mental improvements in risk from the slowest men to those who
ran 4.0 m/s or faster (Figure 3). All of the risk reduction associ-
ated with distance run and three-fourths of the risk reduction
associated with fitness were attributable to BMI (Table 4). Nei-
ther distance nor fitness predicted gout when adjusted for BMI (P
� 0.42 and P � 0.42, respectively).

Physician-supplied serum concentrations of uric acid

Serum concentrations of uric acid were obtained from 5291
male runners at the time of their baseline survey. When adjusted
for age, hypertension, aspirin use, and intakes of alcohol, meat,
fish, and fruit, serum concentrations of uric acid (in mg/dL) were
associated with BMI (regression slope � SE: 0.098 � 0.007 per
kg/m2; P � 0.0001), waist circumference (0.031 � 0.003 per cm;
P � 0.0001), and chest circumference (0.027 � 0.003 per cm; P
� 0.0001), and these slopes remained essentially unchanged
when adjusted for average daily distance run. BMI accounted for
all of uric acid’s association with waist circumference (adjusted
slope � SE: 0.004 � 0.004 mg/dL per cm; P � 0.31) and most
of its association with chest circumferences (0.007 � 0.003
mg/dL per cm; P � 0.03). Adjustment for BMI also accounted for
one-half or more of the significant association of serum concen-
trations of uric acid with distance run (slope reduced from �0.04
� 0.01 mg/dL per km/d to �0.02 � 0.01 mg/dL per km/d, and
correspondingly significance reduced from P � 0.0001 to P �
0.002) and cardiorespiratory fitness (slope reduced from �0.33
� 0.04 mg/dL per m/s to �0.14 � 0.04 mg/dL per m/s; P �
0.0001 reduced to P � 0.001).

When adjusted for age, hypertension, aspirin use, running
distance, and BMI, serum concentrations of uric acid were also

significantly related to intakes of meat (0.11 � 0.05 mg/dL per
serving/d; P � 0.02), fruit (�0.04 � 0.01 mg/dL per pieces/d, P
� 0.002), and alcohol (0.09 � 0.01 mg/dL per 10 g/d; P �
0.0001). These relations were also significant when adjusted for
age alone. The uric acid concentrations increased significantly in
association with alcohol consumed as beer (0.10 � 0.02 mg/dL
per 10 g/d; P � 0.0001), wine (0.07 � 0.02 mg/dL per 10 g/d; P
� 0.006), or mixed drinks (0.09 � 0.03 mg/dL per 10 g/d; P �
0.003). Moreover, no difference was observed between total
alcohol intake and alcohol intake from beer (P � 0.39 for dif-
ference), wine (P � 0.32), or mixed drinks (P � 0.99).

DISCUSSION

Body weight

My analyses show that men with BMI � 27.5 had a 16-fold
greater risk of developing gout than did men with BMI � 20 and
4-fold the risk as men with BMI � 25. Greater waist and chest
circumferences also increased the risk of gout during follow-up;
however, the association with waist circumference was not in-
dependent of its association with BMI. The Health Professionals
Follow-up Study also reported that risk increased incrementally
with both BMI and waist-to-hip ratio (25). Other prospective
studies that confirm the BMI relation include the Johns Hopkins
Precursor Study (26) and the Normative Aging Study (27).

Higher serum concentrations of uric acid because of both
increased production and decreased excretion probably account
for the progressive increase in risk associated with adiposity (28,
29). Other evidence linking greater body weight with elevated
serum concentrations of uric acid include 1) concordance be-
tween changes in BMI and uric acid concentrations (30), 2)
reductions in uric acid concentrations in weight-loss studies (31,
32), and an inverse relation between visceral adiposity and renal
clearance rates for urate (33). Serum concentrations of uric acid
collected on a subset of the runners showed cross-sectional re-
lations to adiposity that mirrored those observed for gout, namely
1) significant associations with BMI, waist circumference, and
chest circumference that were largely independent of running
distance and 2) adjustment for BMI that eliminated the associa-
tion with waist circumference but not chest circumference.

TABLE 4
Relative risk (95% CI) for incident self-reported physician-diagnosed gout during an average of 7.74 y of follow-up in relation to physical activity and
cardiorespiratory fitness1

Cardiorespiratory fitness
(10-km performance speed as m/s)

Physical activity
(km/d running distance)

BMI unadjusted BMI adjusted BMI unadjusted BMI adjusted

All (n � 28 990)
Activity — — 0.92 (0.88, 0.97)2 0.99 (0.94, 1.03)

Fitness subset (n � 24 400)
Fitness 0.55 (0.41, 0.75)3 0.89 (0.63, 1.24) — —
Activity — — 0.92 (0.87, 0.97)4 0.98 (0.93, 1.04)
Fitness and activity 0.61 (0.44, 0.86)4 0.90 (0.64, 1.29) 0.95 (0.90, 1.00) 0.99 (0.93, 1.05)

1 Cox proportional hazard model adjusted for age; daily intakes of meat, fish, fruit, alcohol, and aspirin; and hypertension. Additional adjustment was made
for physical activity, 10-km performance, and BMI where indicated. Fitness subset includes only those men who reported their 10-km performance time at
baseline.

2 P � 0.001.
3 P � 0.0001.
4 P � 0.01.

1484 WILLIAMS

 by guest on D
ecem

ber 27, 2011
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org/


Meat

I observed an increase in risk with meat consumption that is in
agreement with the Health Professional Follow-up Study (34).
That study reported an age-adjusted RR of 1.37 per serving/d,
which is consistent with my estimate of 1.45 per serving/d. In
their results, only beef, pork, or lamb consumed as main dishes
increased the gout risk. In addition, it was reported that higher
seafood intake was a risk factor, which I did not find, presumably
because of the limited (fish intake only) and poorly reproducible
seafood question (see Subjects and Methods). The prospective
results are consistent with the baseline relation of serum concen-
trations of uric acid with reported meat (concordant) and fish
consumption (none).

Fruit

Other studies have not reported that higher fruit intake reduces
the risk of gout. The association I observed was statistically
independent of alcohol and meat consumption, hypertension,
and distance run and persisted when adjusted for weight. At
baseline, uric acid concentrations were inversely related to re-
ported pieces of fruit consumed. High fruit intake may charac-
terize health-conscience diets rather than a specific effect of fruit
per se. For example, men who ate more fruit might also consume
more dairy products (34) or coffee, which were shown prospec-
tively to reduce risk (35, 36) (neither coffee nor dairy products
were asked about in this study).

Alcohol

In Figure 2, I show a significant dose-response relation be-
tween baseline alcohol consumption and incident self-reported
gout. The intake did not need to be excessive to significantly
increase risk. Alcohol is thought to increase uric acid concentra-
tion by both decreased urate excretion (37) and increased pro-
duction (38). Metabolic studies show alcohol loading can induce
hyperuricemia (38), and hyperuricemia was found to be a
significant correlate of alcohol abuse among general hospital
admissions (39). Alcohol intake was associated with gout in
case-control comparisons (40, 41). There are, however, few pro-
spective studies that verify their association. The Johns Hopkins
Precursor Study (25, 42), the Meharry Cohort Study (42), and the
Normative Aging Study (43, 44) all failed to show an increase in
risk with consumption, although the latter did find an association
between baseline alcohol intake and uric acid concentrations.

Alcohol significantly increased gout risk prospectively (P �
0.0001) in the Health Professionals Follow-up Study (RR: 1.17
per 10 g/d), with as little as 15–30 g/d significantly increasing RR
to abstainers (45). My data are consistent with the Health Pro-
fessionals Follow-up Study estimate of RR (1.19 per 10 g/d), but
they do not support their contention that wine does not increase
serum concentrations of uric acid or the risk of gout (45, 46).
I found that reported wine intake significantly increased risk
independent of beer and mixed drink consumption, and no sig-
nificant difference was observed between alcohols from wine
compared with other sources. At baseline, higher serum concen-
trations of uric acid were also significantly and independently
related to greater intakes of beer, wine, and mixed drinks, and
there was no statistical evidence that wine had less affect than did
beer or mixed drinks.

Physical activity and cardiorespiratory fitness

The analyses of Figure 3 and Table 4 show that men who ran
�4 km/d or faster than 4.0 m/s had significantly lower risk of
developing gout than slower, less active men. I have previously
reported that serum concentrations of uric acid declined in run-
ners from 5.60 � 0.07 mg/dL for �16 km/wk, 5.60 � 0.03 mg/dL
for 16 km/wk to 32 km/wk, 5.50 � 0.03 mg/dL for 32 km/wk to
48 km/wk, 5.43 � 0.05 mg/dL for 48 km/wk to 64 km/wk, and
5.14 � 0.09 mg/dL for �64 km/wk (10). The average decline
was �0.006 � 0.001 mg/dL per km/wk run (P � 0.0001) (10).
Additional analyses presented in this paper show that BMI ac-
counted for more than one-half of the declines in serum concen-
trations of uric acid associated with running distance and speed
cross-sectionally.
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FIGURE 3. Relative risk of incident gout by physical activity (running
distance in km/d; n � 28 990) and by cardiorespiratory fitness (10-km foot-
race performance in m/s; n � 24 400) and from Cox proportional hazard
model adjusted for age, diet, aspirin use, and hypertension. Additional ad-
justment was made for BMI where indicated. P for trend value is reported in
parentheses. Bonferroni-corrected significant differences relative to the
slowest, least active men are coded as follows: *P � 0.05, †P � 0.01, ‡P �
0.001, and §P � 0.0001. The 95% CIs were 0.38 and 1.29 for 3–3.5 m/s, 0.30
and 1.00 for 3.5–4 m/s, 0.17 and 0.66 for 4–4.5 m/s, and 0.17 and 0.75 for
�4.5 m/s for cardiorespiratory fitness and 0.54 and 1.21 for 2–4 km/d, 0.43
and 0.98 for 4–6 km/d, 0.31 and 0.92 for 6–8 km/d, and 0.31 and 0.81 for �8
km/d for physical activity.
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Physical inactivity and cardiorespiratory fitness are not rec-
ognized as risk factors for gout (3). In addition to showing pro-
spectively that baseline running distance and speed predicted
lower risk of gout, I also show that the lower risk is mediated by
the leanness of the fitter, higher mileage runners (Table 4). A
reduction in gout, mediated by body weight, would not diminish
the public health significance promoting high levels of vigorous
activity because the leanness of the runners is largely the conse-
quence of running. Self-selection accounts for only 26% of the
association of BMI with running levels in men (14). High-
mileage runners are leaner because they gain less weight as they
age than do less-active men (15), in addition to weight lost when
starting to run or increasing distance (16). Specifically, it was
shown elsewhere that men who ran �48 km/wk had one-half the
average annual weight gain of men who ran �24 km/wk (15).
The prevention of age-related weight gain through running is
disproportionately due to the prevention of more extreme gains
in weight (15), which the nonlinear relation of Figure 1 suggests
would have the greatest effect in preventing gout.

Limitations

The purposes of this study were 1) to assess the relation of gout
risk to physical activity and cardiorespiratory fitness and 2) to
confirm in physically active men the associations of incident gout
with diet and adiposity that were previously reported for mostly
sedentary men. In this regard my results are intended to comple-
ment rather than replicate other cohort studies that target geo-
graphical or occupational populations. These other studies tend
to include few vigorously active men and may therefore miss
relations with physical activity. The selection of runners who are
generally leaner than the population in general is likely to ac-
count for the lower annual incidence of gout in this study (1.0 per
1000 person-years) than in the Health Professional Follow-up
Study (24, 34, 45) or male physicians in the Johns Hopkins
Precursor Study (2) (1.5 and 1.7 per 1000 person-years, respec-
tively). Although the incidence of gout and the levels of physical
activity of the National Runners’ Health Study may not be rep-
resentative of US men sampled at random, the biological pro-
cesses that relate gout to diet, exercise, and adiposity are likely to
be similar. The leanness of my sample may have enhanced my
ability to identify associations between gout and diet; ie, others
report stronger dietary associations with gout in lean rather than
in overweight men (34).

The major limitation of my analyses is their use of self-
reported gout. However, findings from the Health Professionals
Follow-up Study suggest that there is either little difference in the
dietary associations for self-reported gout compared with gout
diagnosed from 6 of the 11 diagnostic criteria of the American
College of Rheumatology (24, 34) or that the risk reduction is
underestimated by self-report. Specifically, that study showed
the RR for the highest compared with the lowest quintile of
seafood consumption was 1.33 (95% CI: 1.11, 1.60) for simple
self-report (1332 cases) compared with 1.51 (95% CI: 1.17, 1.95)
for the diagnostic criteria of the American College of Rheuma-
tology (730 men). The corresponding RRs for low-fat dairy prod-
ucts were 0.61 (95% CI: 0.50, 0.73) compared with 0.58 (95% CI:
0.45, 0.76), for drinking 2 glasses milk/d compared with �1 glass
milk/mo were 0.59 (95% CI: 0.47, 0.73) compared with 0.54
(95% CI: 0.40, 0.73), and for intake of �50 g alcohol/d compared
with abstainers was 1.93 (95% CI: 1.50, 2.49) compared with
2.53 (95% CI: 1.73, 3.70), respectively. For the association with

alcohol intake, the magnitude of the association tended to in-
crease with increasing specificity of the case definition. Thus, the
significant findings reported here may underestimate the true
strength of the relations. I also acknowledge that I did not collect
data on intake of dairy, coffee, fructose, vegetables, or vitamin C,
so I cannot exclude the possibility that these factors may have
contributed to the associations given in this report. Finally, I note
that cardiorespiratory fitness as measured by the participants’
best 10-km performance times within the previous 5 y may have
differed somewhat from the actual baseline fitness, although
inspection of the runners’ data showed relatively stable running
levels preceding the baseline survey.

I believe that exercise reduced the risk of gout rather than the
converse. Gout is episodic. In the absence of tophaceous gout or
permanent joint damage, it is not clear that gout would limit the
usual training distances or performance. Acute podagra or other
gouty attacks usually peak in severity 1 or 2 d after the onset of
symptoms and last �10 d (27). Low doses of nonsteroidal anti-
inflammatory drugs or colchicine are effective in preventing
acute gouty attacks, and uricosuric drugs may be used to increase
renal excretion of uric acid.

In conclusion, my data suggest that in ostensibly healthy,
vigorously active men the prevention of weight gain through the
promotion of vigorous physical activity may help prevent gout.
Lower risk may also be attained through healthy diets character-
ized by the inclusion of fruit and limited meat intake. I find no
evidence that consumption of wine rather than beer or mixed
drinks reduces the risk of gout. I believe the effects of adiposity,
alcohol, fruit, meat, exercise, and fitness on gout risk are likely to
be mediated by serum concentrations of uric acid, which showed
the same significant relations as observed for incident gout.

PTW designed and directed the study, obtained funding, wrote the paper,
performed all statistical analyses, and takes responsibility for the results. The
author had no personal or financial conflict of interest.
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