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Purine-rich foods intake and recurrent gout attacks
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ABSTRACT

Objective To examine and quantify the relation between
purine intake and the risk of recurrent gout attacks among
gout patients.

Methods The authors conducted a case-crossover study
to examine associations of a set of putative risk factors
with recurrent gout attacks. Individuals with gout were
prospectively recruited and followed online for 1 year.
Participants were asked about the following information
when experiencing a gout attack: the onset date of the
gout attack, clinical symptoms and signs, medications
(including antigout medications), and presence of
potential risk factors (including daily intake of various
purine-containing food items) during the 2-day period
prior to the gout attack. The same exposure information
was also assessed over 2-day control periods.

Results This study included 633 participants with

gout. Compared with the lowest quintile of total purine
intake over a 2-day period, OR of recurrent gout attacks
were 1.17, 1.38, 2.21 and 4.76, respectively, with

each increasing quintile (p for trend <0.001). The
corresponding OR were 1.42, 1.34, 1.77 and 2.41 for
increasing quintiles of purine intake from animal sources
(p for trend <0.001), and 1.12, 0.99, 1.32 and 1.39 from
plant sources (p=0.04), respectively. The effect of purine
intake persisted across subgroups by sex, use of alcohol,
diuretics, allopurinol, NSAIDs and colchicine.
Conclusions The study findings suggest that acute
purine intake increases the risk of recurrent gout attacks
by almost fivefold among gout patients. Avoiding or
reducing amount of purine-rich foods intake, especially of
animal origin, may help reduce the risk of gout attacks.

INTRODUCTION
Gout is a common and excruciatingly painful
inflammatory arthritis caused by monosodium
crystal deposition. While the pathophysiology of
gout is well understood and efficacious pharma-
cological regimens are available, the disease bur-
den of gout remains substantial and is growing.!
In addition, many patients with gout continue to
experience recurrent gout attacks.? 3 Gout attacks
are frequently ascribed to triggering events such
as high-purine food intake, and avoidance of these
triggers is widely promulgated as a central strategy
in the management of gout. Despite the wide-
spread adoption of such strategies, the risk that
purine intake confers on gout recurrence remains
unknown.

Purine intake is associated with hyperuricaemia
and an increased risk of incident gout.’> While recog-
nised anecdotally to trigger gout attacks, no study

4

to date has examined whether purine-rich food
intake triggers recurrent gout attacks over a short
period of time. Clarifying this link and quantify-
ing its magnitude would help gout patients make
informed decisions about food items that should be
limited or avoided, or even certain items that may
be preferred to help lower their risk of recurrent
gout attacks.

To address these issues, we conducted an online
case-crossover study and examined the relation of
a set of potential triggers, including total amount
of purine intake as well as purine from animal and
plant sources, to the risk of recurrent gout attacks.
We also assessed whether the impact of purine
intake varied by other known major risk factors of
gout.

METHODS

The details of the Online Case-Crossover Study
of Triggers for Recurrent Gout Attacks have been
described previously.® With this approach, each
patient serves as his or her own control, and this
self-matching eliminates confounding by risk fac-
tors that are constant within an individual during
the study period but that differ between study
subjects (eg, genetics, sex, race, education). Such a
design has been successfully utilised in many pre-
vious studies where the impact of transient expo-
sures on the risk of an acute event was evaluated
(eg, triggering factors for myocardial infarction or
motor vehicle collision).” 8

Study population

We constructed a study website on an indepen-
dent secure server in the Boston University School
of Medicine domain (https//dcc2.bumc.bu.edu/
GOUT). The study was advertised on the Google
search engine (www.Google.com) by linking an
advertisement to the search term ‘gout.” Individuals
who clicked on the study advertisement were
directed to the study website and were asked the
following: socio-demographic information, gout-
related data (eg, diagnosis of initial gout attack, age
of onset, medication used for treatment of gout and
number of gout attacks in the last 12 months), and
history of other diseases and medication use.

To be eligible for the study, a subject had to report
gout diagnosed by a physician, have had a gout
attack within the past 12 months, be at least 18
years of age, reside in the USA, provide informed
consent, and agree to release medical records per-
taining to gout diagnosis and treatment. To confirm
a diagnosis of gout, we obtained medical records
pertaining to the participant’s gout history and/or
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a checklist of the features listed in the American College of
Rheumatology (ACR) Preliminary Classification Criteria for
Gout’® completed by the subject’s physician. Two rheumatolo-
gists (DJH, TN) reviewed all medical records and the checklists
and determined whether the participants had a diagnosis of gout
according to the ACR criteria. Similar methods of gout diag-
nosis confirmation have been used in the Health Professional
Follow-up Study.® The study was approved by the Institutional
Review Board of Boston University Medical Campus.

Ascertainment of recurrent gout attacks

Data were collected regarding the onset date of the recurrent
gout attack, anatomical location of the attack, clinical symptoms
and signs (maximal pain within 24 h or redness) and medications
used to treat the attack (ie, colchicine, non-steroidal anti-inflam-
matory drugs (NSAIDs), systemic corticosteroids, intra-articular
corticosteroid injections). Our method of identifying gout attacks
is in keeping with approaches used in acute and chronic gout
trials'®!® and the ACR/EULAR supported initiative for defin-
ing gout attacks that includes only patient reported elements.'*
We further evaluated the robustness of our results by restricting
our analyses to those treated with at least one antigout medica-
tion (as listed above), those with podagra, those whose attacks
resulted in maximal pain within 24 h and those who had redness
over their joint(s) during the attack. We also evaluated combina-
tions of these features (ie, those with >2, >3 and all 4 features).

Ascertainment of risk factors

Participants were queried about the presence of a set of potential
risk factors (ie, dietary factors, medication use, infection, immu-
nisations, physical activity and geographic location) during the
2-day period prior to the gout attack (ie, hazard period) as well as
at the following time points that were control periods: at study
entry (for the subjects who entered the study during an intercriti-
cal period), and at 3, 6, 9 and 12 (for the subjects who entered
the study at the time of a gout attack) months of follow-up. The
questions used to assess the risk factors during the control period
were the same as those used in the hazard period.

Questions on food intake included the number and size of serv-
ings of each food consumed on each day of the prior 2 days for the
control and the hazard periods. The food items included all high-
purine content of foods (eg, all meats, organ meats, meat extracts
and gravies, seafood, beans, peas, lentils, oatmeal, spinach, aspara-
gus, mushroom, yeast, beer and other alcoholic beverages (includ-
ing wine and liquor)).’> We estimated the total amount of purine
intake from all foods consumed during these periods according to
the published purine content of each food item.!6 1

Statistical analysis

The total amount of purine intake over 2 days was divided into
quintile groups. We examined the relation of total purine intake to
the risk of recurrent gout attacks using a conditional logistic regres-
sion model, which accounts for the matching of each individual’s
own hazard and control periods. Each person can have more than
one hazard and/or more than one control period. In a multivari-
able regression model, we adjusted for use of alcohol, allopurinol
and diuretics. Using the same approach, we evaluated the effect of
purine intake from animal sources (ie, meat, seafood) separately
from plant sources (ie, vegetables, fruits) on the risk of recurrent
gout attacks. Finally, we assessed potential subgroup effects of
purine consumption according to sex, alcohol (ie, either beer, or
wine, or liquor) use (yes vs no), allopurinol use (yes vs no), diuretic
use (yes vs no), NSAIDs use (yes vs no) as well as colchicine use
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(yes vs no), and tested for a modification of effect by adding an
interaction term to our final multivariable regression models.

RESULTS

We analysed 633 gout patients who completed both hazard
period and control period questions. Of them, 554 (87.5%) par-
ticipants met the ACR Preliminary Classification Criteria for
Gout and 78 (12.3%) had crystal-proven gout based on medical
records review. The characteristics of the participants are pre-
sented in table 1. The average age of the participants was 54
years. Participants were predominantly men (78%), Caucasian
(88%), and over a half had received college education. Subjects
were recruited from 49 states and the District of Columbia.
About 61% of participants consumed alcohol, 29% used diuret-
ics, and 45% took allopurinol, 54 % used NSAIDs and 25% took
colchicines during either hazard or control periods.

During the 1-year follow-up period, we documented 1247
recurrent gout attacks. Most gout attacks occurred in the lower
extremity (92%), particularly in the first metatarsophalangeal
joint, and had features of either maximal pain within 24 h or
redness (89%). Approximately 90% of the gout attacks were
treated with colchicine, NSAIDs, systemic corticosteroids, intra-
articular corticosteroid injections or a combination of these med-
ications. The median time between the onset of a gout attack
and completion of the hazard period questions was 3 days.

The median amount of purine intake over a 2-day control
period was 1.66 g (the equivalent of ~ 1.4 kg of beef or 2.9 kg
of spinach) in men and 1.38 g (the equivalent of ~ 1.2 kg of beef
or 2.4 kg of spinach) in women, respectively. The corresponding
figures over a 2-day hazard period were 2.03 g (the equivalent of

Table 1 Characteristics of 633 participants in the internet-based
case-crossover study of gout

Characteristics N=633

Sex (n, %)

Men 494 (78.0%)

Age (median, range) 54 (21-88)
Education (n, %)

Less than high school graduate 10(1.6)

High school graduate 55 (8.7)
Some college/technical school 199 (31.4)
College graduate 157 (24.8)
Some professional/graduate school 70 (11.1)
Completed professional or graduate school 142 (22.4)
Household income in US$ (n, %)
<25,000 51(8.1)
25 000-49 999 127 (20.7)
50 000-74 999 121 (19.1)
75 000-99 999 89 (14.1)
>100 000 163 (25.8)
Refuse to answer 82 (13.0)
Race (n, %)
Black 19(3.0)
White 558 (88.2)
Other 48 (7.6)
Refuse to answer 8(1.3)
Body mass index (kg/m?, median, range) 30.6 (14.7, 69.9)
Years of disease duration (median, range) 5 (0-49)
Alcohol drinkers* (n, %) 383 (60.5)
Diuretic users*® (n, %) 184 (29.1)
Allopurinol users* (n, %) 285 (45.0)
Non-steroidal anti-inflammatory drug users* (n, %) 342 (54.0)
Colchicine users* (n, %) 160 (25.3)

*During either hazard or control periods.
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Table 2 Total purine consumption and risk of recurrent gout attack

Total purine Number  Number

intake over2  of of

days control hazard Crude OR Adjusted OR

(g, median) periods periods (95% CI) (95% CI)*

Quintile 1 363 203 1.0 (referent) 1.0 (referent)
(0.85)

Quintile 2 (1.30) 359 209 1.21(0.92t0 1.59) 1.17(0.88 to 1.55)
Quintile 3 (1.74) 348 219 1.43 (1.06 to 1.91) 1.38(1.02 to 1.87)
Quintile 4 (2.28) 301 267 2.32(1.721t03.13)  2.21(1.62 t0 3.01)
Quintile 5 (3.48) 218 349 4,98 (3.551t06.98) 4.76 (3.37 to 6.74)
p For trend <0.001 <0.001

*Adjusted for use of alcohol, diuretics, allopurinol, colchicines and non-steroidal anti-
inflammatory drugs.
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Figure 1 Estimated OR for recurrent gout attacks related to the source
of purine intake.

~ 1.7 kg of beef or 3.6 kg of spinach) and 1.66 g (the equivalent
of ~ 1.4 kg of beef or 2.9 kg of spinach), respectively.

As shown in table 2, compared with the lowest quintile of
purine intake over a 2-day period, the OR for recurrent gout attacks
were 1.17, 1.38, 2.21 and 4.76, respectively, with each increasing
quintile (p for trend < 0.001). When we limited the analysis to par-
ticipants who met to the ACR Preliminary Classification Criteria
for Gout (n=554), the corresponding multivariable OR were 1.183,
1.35, 2.15 and 4.61, respectively (p for trend < 0.001). In addition,
when we varied our definition of recurrent gout attacks by requir-
ing specific features individually or in combination, the results did
not change materially. For example, when we limited the analysis
to those who had atleast two of the four features (n=606) (antigout
medication use, podagra, maximal pain within 24 h and redness),
the corresponding multivariable OR were 1.20, 1.44, 2.32 and 5.47
(p for trend < 0.001). Furthermore, when we excluded patients
treated with febuxostat (N=7), our results did not change materi-
ally (OR=4.76 for highest quintile of purine intake; p for trend
<0.001).

The effect of purine intake from animal sources and plant
sources on the risk of recurrent gout attacks is shown in
figure 1. The median amount of purine intake over a 2-day
period from animal sources (0.87 grams) was five times higher
than that from plant sources (0.16 g). Compared with the lowest
quintile of purine intake from animal sources, OR of recurrent
gout attacks were 1.42 (95% CI: 1.07 to 1.87), 1.34 (95% CI:
0.99 to 1.80), 1.77 (95% CI: 1.30 to 2.41) and 2.41 (95% CI: 1.72
to 3.36), respectively, with each increasing quintile (p for trend
< 0.001). The corresponding OR for purine intake from plant
sources were 1.12 (95% CI: 0.84 to 1.49), 0.99 (95% CI: 0.73 to

1450

1.34),1.32 (95% CI: 0.97 to 1.81) and 1.39 (95% CI: 0.98 to 1.98)
(p for trend = 0.04), respectively.

The effect of purine intake on the risk of recurrent gout attacks
persisted across subgroups by sex, age, use of alcohol, diuretics,
allopurinol, NSAIDs and colchicine (all p values for trend <0.01)
(table 3). The associations did not vary significantly by these fac-
tors (all p values for interaction > 0.1) except by diuretic use in
which the relative effect of purine on the risk of recurrent gout
attacks was greater when subjects did not use diuretics even
though the diuretic use was associated with an increased risk of
recurrent gout attacks in the current study.!8

DISCUSSION

Although purine-rich food intake has been anecdotally consid-
ered a risk factor for recurrent gout attacks, to our knowledge,
this is the first large-scale study to formally test this hypoth-
esis and quantify the magnitude of the association. We found
that the highest quintile of purine intake, mainly from animal
sources, over a 2-day period increases the risk of recurrent gout
attacks almost by five times compared with the lowest quintile
of purine intake. These associations were independent of other
risk factors for gout such as sex, alcohol consumption, and use
of allopurinol or diuretics. The associations persisted across sub-
groups stratified by these major risk factors.

Recurrent attacks are a hallmark of untreated or inadequately
treated gout. In our online gout study, we have found that
approximately two-thirds of participants who had gout attacks
in the previous year experienced at least one recurrent gout
attack in the following year® While urate-lowering therapy
(eg, allopurinol in >90% of cases in the USA and Europe) can
be generally effective in lowering levels of serum urate and the
risk of gout when used compliantly, urate-lowering therapy is
currently primarily recommended for specific indications such
as frequent gout attacks and tophaceous gout, primarily due to
rare but serious side effects.!” Thus, when such indications are
not yet met or urate-lowering therapy is not otherwise feasible,
dietary manipulation and other risk factor modifications are
appropriate options. Furthermore, these measures should con-
tinue as adjunct measures to aid pharmacological urate-lowering
therapy. This approach is strongly supported by our finding that
even among allopurinol users acute purine intake can increase
the risk of recurrent gout attacks by more than five times.

Our findings and the long-standing anecdotal observation
that intake of purine-rich foods can increase the risk of recurrent
gout attacks are supported by metabolic experiments in animals
and humans that examined the impact of artificial short-term
loading of purified purine on serum urate levels (not gouty
arthritis per se).?’ More recently, studies have shown that higher
levels of meat/seafood consumption are associated with higher
levels of serum urate,* and habitually higher meat and seafood
intake is strongly associated with an increased risk of incident
gout® among individuals without gout at baseline. Our findings
extend the evidence to a clinically relevant context, recurrent
gout attacks among patients with existing gout, and indicate
that avoiding or reducing purine-rich foods, especially of animal
origin (that tend to have higher purine content than those of
plant origin), would help reduce recurrent gout attacks.

We found that the short-term impact of purine from plant
sources on the risk of gout attacks was substantially smaller than
that from animal purine sources. Also, in a large prospective study
of incident gout, the long-term, habitual consumption of purine-
rich vegetables was not associated with the risk of incident gout.?
Interestingly, in that study, the highest quintile of vegetable pro-
tein consumption was actually associated with a 27% lower
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Table 3 Total purine consumption and risk of recurrent gout attack in subgroups by sex, alcohol consumption, use of diuretics, allopurinal, colchicine and NSAIDs

Other risk factors over 2 days  Quintile of purine intake over 2 days  Number of control periods  Number of hazard periods  Adjusted OR (95% CI)*  p For trend

Quintile 1 290 156 1.0 (referent)
Quintile 2 285 162 1.10 (0.80 to 1.52)
Men Quintile 3 275 171 1.37(0.97 to 1.94)
Quintile 4 235 212 2.34 (1.64 10 3.33)
Quintile 5 175 21 4.83(3.251t07.18) <0.001
Quintile 1 73 47 1.0 (referent)
Quintile 2 74 47 1.45(0.79 to 2.67)
Women Quintile 3 73 48 1.44 (0.77 to 2.71)
Quintile 4 66 55 1.86 (0.98 to 3.52)
Quintile 5 43 78 4.73 (2.28 t0 9.84) <0.001
Quintile 1 169 94 1.0 (referent)
Quintile 2 166 101 1.31(0.87 to 1.96)
Age <55 Quintile 3 161 121 1.84 (1.19 to 2.84)
Quintile 4 145 143 2.50 (1.63 to 3.86)
Quintile 5 m 153 4.21 (2.56 to 6.92) <0.001
Quintile 1 194 109 1.0 (referent)
Quintile 2 193 108 1.08 (0.73 to 1.61)
Age >55 Quintile 3 187 98 1.02 (0.67 to 1.57)
Quintile 4 156 124 1.91(1.22 t0 2.99)
Quintile 5 107 196 5.43 (3.20t0 8.91) <0.001
Quintile 1 138 65 1.0 (referent)
Quintile 2 143 92 1.17(0.72t0 1.91)
Alcohol Quintile 3 120 76 1.32(0.72t0 1.91)
intake Quintile 4 121 112 2.07 (1.19 t0 3.62)
Quintile 5 80 162 4.91 (2.66 to 9.08) <0.001
Quintile 1 225 138 1.0 (referent)
Quintile 2 216 17 1.17(0.72t0 1.91)
No alcohol Quintile 3 228 143 1.44 (0.97 to 2.13)
intake Quintile 4 180 155 2.32 (1.54 t0 3.48)
Quintile 5 138 187 4.13(2.59 to 6.56) <0.001
Quintile 1 67 63 1.0 (referent)
Quintile 2 65 52 0.82 (0.44 t0 1.52)
Diuretic use Quintile 3 66 60 1.11 (0.57 to 2.15)
Quintile 4 55 62 1.36 (0.67 to 2.75)
Quintile 5 50 91 2.78 (1.28 to 6.04) <0.006
Quintile 1 296 140 1.0 (referent)
Quintile 2 294 157 1.31(0.94 to 1.81)
No diuretic Quintile 3 282 159 1.45 (1.02 to 2.07)
use Quintile 4 246 205 2.54 (1.78 to 3.64)
Quintile 5 168 258 5.52 (3.69 to 8.28) <0.001
Quintile 1 119 49 1.0 (referent)
Quintile 2 114 59 1.41(0.80 to 2.50)
Allopurinol Quintile 3 19 51 1.44 (0.76 to 2.77)
use Quintile 4 97 61 1.70 (0.88 to 3.29)
Quintile 5 65 85 5.51(2.571t0 11.8) <0.001
Quintile 1 244 154 1.0 (referent)
Quintile 2 245 150 1.04 (0.73 to 1.48)
No allopurinol Quintile 3 229 168 1.27 (0.89 to 1.83)
use Quintile 4 204 206 2.16 (1.48 10 3.16)
Quintile 5 153 264 4.35(2.85 to 6.64) <0.001
Quintile 1 74 34 1.0 (referent)
Quintile 2 42 24 2.46 (0.92 to 6.59)
Colchicine Quintile 3 43 18 1.19 (0.32 to 4.38)
use Quintile 4 35 21 3.26 (1.00 to 10.6)
Quintile 5 29 M 13.2 (3.24 t0 53.6) <0.001
Quintile 1 289 169 1.0 (referent)
Quintile 2 317 185 1.08 (0.80 to 1.47)
No colchicine Quintile 3 305 201 1.29 (0.93 to 1.79)
use Quintile 4 266 240 1.95(1.39t0 2.74)
Quintile 5 189 308 4.20(2.88 10 6.13) <0.001
Quintile 1 85 44 1.0 (referent)
Quintile 2 91 56 1.66 (0.84 to 3.29)
NSAIDs Quintile 3 104 54 1.23 (0.59 to 2.58)
use Quintile 4 79 73 2.72 (1.31 to 5.66)
Quintile 5 53 115 6.36 (2.76 to 14.7) <0.001
Quintile 1 278 159 1.0 (referent)
Quintile 2 268 153 1.20 (0.86 to 1.69)
No NSAIDs Quintile 3 244 165 1.65 (1.15 t0 2.39)
use Quintile 4 222 194 2.37 (1.63 to 3.47)
Quintile 5 165 234 5.12 (3.32 t0 7.90) <0.001

Adjusted for use of alcohol, diuretics, allopurinol, colchicine and non-steroidal anti-infl ammatory drug (NSAIDs).
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risk of gout compared with the lowest quintile.> Our analysis
of purine quantities suggests that these findings of small or null
effects of purine intake from plant sources can be explained by
the substantially lower amounts of purine content in those food
items. Other healthy nutrients of vegetable items (eg, fibre or
healthy fat) could contribute to reducing long-term weight gain?!
and lowering insulin resistance. Of note, these plant-derived food
items are key components of dietary approaches to reduce insulin
resistance, which have been advocated as a long-term antigout
dietary measure.?? ?® These findings have important implications
for patients with gout, since plant-derived food items are virtually
the only protein sources to meet their nutrient needs once animal
protein sources are eliminated from their diets. Furthermore, low-
protein/purine dietary approach may lead to higher consumption
of foods that are often rich in refined carbohydrates and saturated
fat which may worsen both gout and its comorbidities by pro-
moting insulin-resistance and increasing levels of serum urate,
plasma glucose, triglycerides and LDL-C.?? 23 To that effect, our
findings support the notion that plant-derived foods should be
the preferred sources of protein for gout patients, given that plant
food items (especially, nuts and legumes) are excellent sources of
protein, fibre, vitamins and minerals, and studies have found their
benefits against the risk of weight gain,! coronary heart disease,**
%5 sudden cardiac deaths? and type 2 diabetes.””

Several features of the current study are worth noting.
Identifying potential triggers for recurrent gout attacks and
assessing their effects are challenging when using conventional
study designs. For example, a case-control study would pose dif-
ficulties for valid control selection, while a cohort design would
be costly and unwieldy for participants. The case-crossover
study uses each case as his/her own control and is highly adapt-
able to examining associations of triggers with acute events.?®
In addition, to help overcome recruitment challenges of conven-
tional study designs, we used the internet to recruit a large num-
ber of subjects with gout from the entire USA. These methods
allowed us to assess both exposure and disease occurrence in
real-time while minimising the potential of recall bias.

Our study has some limitations. First, while the current
study design allows us to assess the acute effects of dietary
purine intake on the risk of recurrent gout attacks, it is not
ideal for examining the long-term effects of habitual purine
consumption. Second, the amount of purine from various
foods consumed over the 2-day period was based on dietary
recall according to the serving size and number of servings of
each food consumed; thus, recall bias is possible. Nonetheless,
such data allow us to classify categories of purine intake over
a specific time period relative to that over other time peri-
ods for the same person. Third, the purine content of each
food item used in the current study was mainly based on
raw foods, but the bioavailability of purine contained in dif-
ferent foods varies when they are cooked or processed.?’ In
the current study, we were unable to estimate purine intake
that accounts for the food preparation process and this might
have led to misclassification of purine exposure. Nevertheless,
this type of misclassification would be non-differential and
therefore would have biased the study results toward the null.
Fourth, we did not collect data on serum urate levels for each
study participant; thus, we were unable to assess whether
purine-rich food intake over a short period would increase the
risk of gout attacks even among subjects whose serum urate
was below the threshold level. However, when we limited our
analysis to subjects who reported taking allopurinol during the
follow-up period (n=289), the risk of recurrent gout attacks was
still increased when individuals increased their purine intake,
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even though allopurinol use itself was associated with lower
risk of recurrent gout attacks. Finally, characteristics of study
participants and distribution of purine intake may not be rep-
resentative of US gout patients; however, the biological effects
of purine intake on gout attacks should not differ.

In conclusion, our study findings suggest that acute purine intake
increases the risk of recurrent gout attacks by almost five times
among patients with gout. The impact from animal purine sources
was substantially greater than that from plant purine sources.
Avoiding or reducing purine-rich foods intake, especially of animal
origin, may help reduce the risk of recurrent gout attacks.
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