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Recent Diuretic Use and the Risk of Recurrent Gout
Attacks: The Online Case-Crossover Gout Study 
DAVID J. HUNTER, MICHAEL YORK, CHRISTINE E. CHAISSON, RYAN WOODS, JINGBO NIU, 
and YUQING ZHANG

ABSTRACT. Objective. To assess several putative risk factors, including thiazide and loop diuretics use, thought to
trigger recurrent gout attacks.
Methods. We conducted an internet-based case-crossover study involving subjects who had a gout
attack within the past year. Patients were recruited online and asked to provide access to medical
records. Data were obtained on specific diuretic use on each day over the 2-day period prior to an acute
gout attack (hazard period) and on each day of 2 days during the intercritical period (control period).
We examined the relation of all diuretic use and use of specific diuretics, i.e., thiazide and loop, to the
risk of recurrent gout attacks using a conditional logistic regression model adjusting for alcohol con-
sumption and purine intake.
Results. One hundred ninety-seven subjects completed both control and hazard period questionnaires.
Participants were predominantly male (80%) and over half had a college education. The median time
between onset of gout attack and logging on to the website was 2 days. Adjusting for alcohol con-
sumption and purine intake, the odds ratio (OR) for recurrent gout attacks from all diuretic use over the
last 48 h was 3.6 (95% confidence interval 1.4–9.7). OR of recurrent gout attacks were 3.2 and 3.8 for
use of thiazide and loop, respectively.
Conclusion. Recent use of diuretics is associated with a significantly increased risk for recurrent gouty
arthritis. The increased risk of gout attacks from either thiazide or possibly loop diuretic therapies repre-
sents an important modifiable risk factor in patients with gout. (First Release June 1 2006; J Rheumatol
2006;33:1341–5)
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Gout affects about 8.4 per 1000 persons in the US1; epidemi-
ologic data obtained from the last 4 decades are consistent
with an increasing incidence and prevalence of gout in
Western industrialized countries2. Although much is known
about the pathophysiology of gout and clinically effective
drug treatments are available, many patients with gout have
recurrent attacks3,4. These attacks cause progressive disability
and can lead to cumulative joint damage5. While a central
therapeutic strategy in management of gout is avoidance of
triggering events, investigations have concentrated on risk
factors for initial occurrence of gout3,6-10 and few have
explored factors that trigger recurrent attacks among individ-
uals already diagnosed with gout.

The association between hyperuricemia and diuretic thera-
py has been known since 195811-13. Shortly after discovery of
the thiazide class of diuretics, these medications were
observed to raise serum uric acid levels. A similar effect was
also later found for loop diuretics12. Diuretics raise uric acid
levels through a combination of volume depletion and
decreased renal tubular secretion of uric acid14. In a retro-
spective cohort study of enrollees in the New Jersey Medicaid
program, Gurwitz, et al14 found a 2-fold increased risk for ini-
tiation of anti-gout medication in patients receiving thiazide
diuretics. In a small case-control study of hypertensive
patients who developed gout, gout was more strongly related
to the use of loop diuretics than thiazides15. While knowledge
of the association with hyperuricemia is clear, the relation of
diuretic use as well as use of specific diuretics, such as thi-
azide and loop, to the risk of recurrent gout attacks has not
been formally investigated, and the magnitude of association,
if existing, is unknown.

In addition to the burden of gout-related arthritis itself,
patients with gout often have comorbidities including hyper-
tension and coronary heart disease16. Further, hypertension
itself is an independent risk factor for the development of
gout17. Several investigators have hypothesized that signifi-
cant increases over the last 2 decades in the prevalence of
hypertension and concomitant diuretic therapy may contribute
to the increased prevalence and incidence of gout in Western
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countries18-20. The Joint National Commission Seventh
Report on Prevention, Detection, Evaluation, and Treatment
of Hypertension recommends thiazide-type diuretics as initial
therapy in most patients either alone or in combination with
another agent21. Because of the favorable cost profile and
efficacy, thiazide diuretics are commonly prescribed, ranking
seventh among the most prescribed medications in the US in
200322, and this number does not include the use of thiazides
in combination therapy. Thus, both increasing prevalence of
hypertension20 and use of thiazide diuretic prescriptions are
likely to lead to further increases in recurrent gout attacks.

Considering the relatively high prevalence of hypertension
among gout patients and the widespread use of diuretics for
the treatment of hypertension, we conducted an internet-based
case-crossover study to assess the relation of diuretic use to
the risk of recurrent gout attacks and evaluated whether the
effect varies according to types of diuretic use. The case-
crossover study uses each subject as his/her own control and
compares the frequency of exposure to a suspected precipitat-
ing factor immediately prior to disease onset (hazard period)
to that during the control periods. Self-matching of each sub-
ject eliminates bias in control selection and removes con-
founding effects of factors that are constant over time. Thus,
it is an optimal study design for examining the effect of risk
factors triggering recurrent attacks, such as repeated gout
attacks.

MATERIALS AND METHODS
Study design. We constructed a website for this study (https://dcc2.
bumc.bu.edu/GOUT) on an independent secure server within the Boston
University School of Medicine domain. The study website provided informa-
tion about the study, invited applicants to participate, administered a screen-
ing questionnaire, linked eligible respondents to an online consent form, and
administered additional questionnaires to assess risk factors and features of
respondents’ recurrent gout attacks.

The study was advertised on the Google search engine (www.Google.com)
by linking an advertisement to the search term “gout.” When a search was
conducted containing the keyword “gout,” a study advertisement appeared on
the screen. Interested individuals who clicked on the box containing our
advertisement were immediately directed to the study website. To be eligible
for the study, a subject had to report a diagnosis of gout by a physician, have
had a gout attack within the past 12 months, be at least 18 years of age, reside
in the US, and be willing to release medical records pertaining to gout diag-
nosis and treatment.

Questionnaires. Eligible subjects were asked to complete the following ques-
tionnaires: (1) sociodemographic questionnaire: name, age, sex, home
address, home and work phone number, e-mail address, date of birth, years of
education, and household income; (2) medical history questionnaire: medica-
tion use, self-reported comorbidities, and history of gout attacks; (3) control-
period questionnaire: frequency and quantity of potential risk factors, includ-
ing all medications taken, for each day over the preceding 2-day period dur-
ing the intercritical gout period. The questionnaire was administered at study
entry, and at 3, 6, and 9 months of followup. Subjects were asked to report the
occurrence of a gout attack within 48 hours after its onset and complete (4) a
hazard-period questionnaire: date of recurrent gout attack, clinical symptoms,
medication used to treat the recurrent gout attack, and frequency and quanti-
ty of potential risk factors, including all medications taken, for each 24-hour
period over the 48 hours prior to the attack. As part of the medical history par-
ticipants were asked, ‘Did you take any of the following diuretics (‘water

pills’) yesterday or the day before yesterday?” They were then provided with
different options to check on the website, including: (1) hydrochlorothiazide
or thiazide for hypertension (e.g., Dyazide, Esidrix, Hydrodiuril); (2)
furosemide (“loop” diuretics) for congestive heart failure (e.g., Lasix); (3)
amiloride, spironolactone, or triamterene (e.g., Midamor, Aldactone,
Dyrenium); or (4) other diuretics (please specify).

Diagnosis of gout, and assessment of risk factors. We obtained medical
records pertaining to the participant’s gout history and/or a checklist of gout
symptoms completed by the subject’s physician. To confirm a subject’s diag-
nosis of gout, we used information abstracted from medical records or the
checklist, and data collected from the questionnaires submitted by study par-
ticipant. A rheumatologist reviewed all medical records and the checklist
information and assessed whether the subject had a diagnosis of gout by a
physician, and a history of gout according to American College of
Rheumatology (ACR) criteria for gout23.

Self-reported acute gout attacks were defined on the basis of: (1) moder-
ate to severe joint pain developed within a 24-hour period; (2) 3 or fewer
joints involved at time of the acute attack; (3) redness observed over joints;
(4) joint(s) feels warm or swollen; and (5) attack requires specific therapy,
e.g., a nonsteroidal antiinflammatory drug, or colchicine. These modified cri-
teria are based on criteria published by the ACR23.

We also assessed a set of other putative risk factors, including alcohol con-
sumption and total amount of purine intake. Questions on alcohol consumption
included the number of servings of beer, wine, or spirits (either straight or in a
mixed drink) consumed on each day over the control or hazard periods. The
serving sizes were provided along with color images of standard drink sizes
and containers, i.e., 12-ounce bottle or can of beer; 5-ounce glass of wine; and
1–1.5 ounces of spirits. Total purine intake from food for each day over 2-day
period was estimated using established food purine contents24.

Statistical analysis. Using a conditional logistic regression model, we exam-
ined the relation of all diuretic use over the 2-day period to the risk of recur-
rent gout attacks while adjusting for alcohol consumption and purine intake
using well described methods25. Data on diuretic use, purine consumption
from food, and alcohol intake were collected during the same time period at
each hazard and control period. In addition, we also evaluated the effect of
specific type of diuretic use, i.e., thiazide or loop class, on the risk of recur-
rent gout attacks.

RESULTS
Of 197 subjects who completed both hazard-period and con-
trol-period questionnaires, 179 (91%) subjects fulfilled the
ACR criteria for gout. One hundred eighty-six subjects
(94.4%) returned a signed medical record release form. Of
those, we obtained 172 subjects’ medical records or physi-
cian’s checklists from their physicians, and 163 (94.8%) met
ACR criteria for gout.

Characteristics of the 197 participants who completed both
hazard-period and control-period questionnaires are presented
in Table 1. The average age of participants was 52 years.
Participants were predominantly male (80%) and Caucasian
(88%), and over half had a college education. Subjects were
recruited from 40 states and the District of Columbia. During
the one-year followup period, 321 recurrent gout attacks
occurred among participants. The median time between the
date of the gout attack and date of completion of hazard-peri-
od questionnaire was 2 days. All participants included in this
analysis completed at least one control-period questionnaire.
The mean number of control-period questionnaires completed
was 2.4 (SD 1.4, range 1–5) and hazard period questionnaires
was 1.7 (SD 1.1). Among the subset who took diuretics, the
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mean number of control-period questionnaires completed was
2.4 (SD 1.5) and hazard period questionnaires was 1.6 (SD
0.9). About 33% of subjects had tophus, 19% had crystal in
their affected joint, and 50% of subjects’ medical records indi-
cated that the participants had hyperuricemia.

During the followup period, 141 subjects did not take any
diuretic medication over either hazard or control period and
56 subjects used at least one type of diuretic. Of these, 14 used
only loop diuretics, 39 used only thiazides, and 3 used both
loop and thiazide diuretics. Since subjects who did not use any
type of diuretic during the followup period would not con-
tribute informative data on the effect of diuretic use, we
excluded these subjects from the analyses. We limited our
analyses to the remaining 56 subjects who used at least one
type of diuretic during the study period.

As shown in Table 2, the odds ratio (OR) of recurrent gout
attacks for any type of diuretic use over last 48 hours was 3.6
(95% CI 1.4–9.7). When the effect of a specific type of diuret-
ic use was assessed separately, thiazide use alone had more
than 3-fold increased risk for recurrent gout attacks (OR 3.2,

95% CI 1.1–9.5). A similar effect was also observed for loop
diuretic use (OR 3.8, 95% CI 0.3–51.0); however, the number
of subjects using loop diuretics was relatively small and the CI
of the point estimate was wide.

DISCUSSION
Our results suggest that recent use of diuretics within 48 hours
is associated with a significantly increased risk of recurrent
gout attacks among persons with preexisting gout. Such an
effect was observed for both thiazide and loop diuretics,
although the effect for the latter was not statistically signifi-
cant. While the association of diuretics with hyperuricemia
has been known for years, this is the first study to find and
quantify the effect of diuretics on the risk of recurrent gout
attacks.

Many persons with gout continue to have recurrent gout
attacks3,4. These attacks are painful, increase functional limi-
tation, and can potentially lead to cumulative joint damage5.
Both prevalence and incidence of gout have increased over the
last 2 decades in industrialized countries2. One explanation
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Table 1. Characteristics of participants in the Internet-based case-crossover study of gout, 2003–04.

Characteristics N %, Mean, or
Median

Sex, %
Men 158 80.2
Women 39 19.8

Age, median (range) 197 52 (29–83)
BMI, median (range) 196** 30 (22–40)
Education, %

High school graduate/GED 14 7.1
Some college/technical school 70 35.5
College graduate 61 31.0
Completed professional or graduate school 52 26.4

Household income, %
< 20,000 10 5.1
25,000–49,999 42 21.3
50,000–74,999 42 21.3
75,000–99,999 30 12.2
> 100,000 54 27.4
Missing 19 9.6

Race, %
African American 2 1.0
Caucasian 174 88.3
Other 16 8.1
Missing 5 2.5

No. of days between attack date and logon, median (range) 321* 2 (0–24)
Years of disease duration, median (range) 196† 8.2 (0–36)
Regular alcohol consumption, % 197 73.6
Self-report comorbidities, %

Heart attack 5 2.6
Heart failure 6 3.1
Hypertension 92 46.9
Kidney problem 16 8.2
Tophus 64 32.7
Crystal diagnosis 37 19.0

* 321 hazard visits contributed by 197 subjects. ** One subject did not provide the data on BMI or years of dis-
ease duration. BMI: body mass index.
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for such an increase is the increases in the prevalence of
hypertension and concomitant diuretic therapy18-20. For
instance, the prevalence of hypertension in the US has
increased from 25.0% during 1991-98 to 28.7% during 1999-
200020. Recently, the Joint National Commission 7th Report
on Prevention, Detection, Evaluation and Treatment of
Hypertension recommended thiazide-type diuretics as initial
therapy in most patients either alone or in combination with
another agent21. Since hypertension impairs urate secretion
and promotes hyperuricemia26, the association between
hypertension and gout is further compounded by the adminis-
tration of diuretic therapy. Clarification of the effect of diuret-
ic use on the risk of recurrent gout attacks has important clin-
ical implications. We hypothesize that abrupt changes in
diuretic use may lead to acute increases in uric acid concen-
tration, thus increasing the appropriate conditions for crystal
formation or precipitation and modulating their phlogistic
potential through perturbation of the local synovial microen-
vironment27.

There are a number of alternative effective agents for the
treatment of hypertension and congestive heart failure in per-
sons with gout that are unlikely to predispose to recurrent gout
attacks. Clinicians have ample ability to individualize man-
agement for special populations28 and could reduce the risk of
gout attacks by avoiding the use of diuretics in persons with
preexisting gout. In our study, about 28% of participants with
a history of gout were taking diuretics, and the effect of these
diuretics on recurrent gout attacks was not trivial.

Several characteristics of our study are noteworthy. First,
studying the triggering effect of diuretics on the risk of recur-
rent gout attacks is challenging. Neither case-control nor
cohort studies are ideal study designs for such research ques-
tions. In our study, we applied 2 innovative approaches, a
case-crossover study design and use of the Internet, to exam-
ine whether diuretic use could trigger recurrent gout attacks.
The case-crossover study design uses each subject as his/her
own control and compares the frequency of exposure to a sus-
pected precipitating factor immediately prior to disease onset
to that during the control periods. Self-matching of each sub-

ject eliminates bias in control selection and removes con-
founding effects of factors that are constant over time.
Second, using the Internet as a medium, we were able to reach
patients with gout in the entire US. Indeed, participants in our
study were recruited from 40 states and the District of
Columbia. Further, we showed that the majority of subjects’
history of gout could be verified by their medical records and
these subjects can be efficiently followed over time. Third, we
showed that both risk factors and disease occurrence can be
assessed in real time, which should minimize the potential
recall bias.

Our study has some limitations as well. We did not collect
information on dosages of medications used; we were unable
to assess a dose-response relationship between diuretic use
and risk of recurrent gout attacks. Also, the number of subjects
using diuretics in our study was relatively small; this was
especially the case for loop users.

While we used validated questionnaires to assess risk fac-
tors for gout, including diuretic use, and subjects were asked
to recall these putative risk factors occurring within the last 48
hours, it is still possible that misclassification of risk factors
may have occurred. Such misclassification, if it occurred, is
likely to be nondifferential, and would bias the results toward
the null. Thus, we postulate that the true effect of diuretics
may actually be larger than we observed.

There are other potential important confounders that could
have varied between control and hazard periods including adi-
posity (e.g., weight and body mass index) and use of other
medications known to affect serum urate levels (e.g., beta-
blockers, low-dose aspirin use, and allopurinol). Further, our
study design was not immune to “confounding by indication”
for diuretic use, such as developing or worsening of hyperten-
sion, congestive heart failure, and renal insufficiency, that
may also trigger recurrent gout attacks. While it is possible
these risk factors may occur differently during the hazard peri-
od compared to the control period, we believed the frequency
of these risk factors, such as congestive heart failure or renal
insufficiency, would be very low in our study participants.
Developing or worsening of hypertension is likely to be a
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Table 2. Association between any diuretic use as well as specific type of diuretic use over the last 48 hours and
risk of recurrent gout attacks.

Diuretics Use Control Periods Hazard Periods Adjusted OR* 
(95% CI)

Loop or Thiazide or Both (n = 56)
Neither type 37 11 1.0
Any type 89 78 3.6 (1.4–9.7)

Thiazide Only (n = 39)
No 29 9 1.0
Yes 57 49 3.2 (1.1–9.5)

Loop Only (n = 14)
No 8 2 1.0
Yes 29 23 3.8 (0.3–51.0)

* Adjusted for alcohol consumption and purine intake.
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chronic process and could therefore occur during either a haz-
ard or control period.

In summary, we found that recent use of thiazide and pos-
sibly loop diuretics was associated with a significantly
increased risk for recurrent gouty arthritis. Despite the well
known association of gout and diuretics, a relatively large pro-
portion of our patient population with preexisting gout was
prescribed this class of antihypertensive therapy. Given the
wide availability of alternative effective agents for the treat-
ment of hypertension and congestive heart failure, clinicians
have ample ability to individualize management for this pop-
ulation, and could reduce risk of recurrent gout attacks by
avoiding the use of thiazide and possibly loop diuretics in per-
sons with preexisting gout.
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