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Abstract
Objective—To quantify the role of diuretic use on gout development in an adult population with
hypertension.

Methods—ARIC, a prospective population-based cohort from 4 US communities, consists of 4
visits over a 9-year period. Participants were included in this analysis if they answered the gout
query, were free of gout at baseline, and had hypertension (medication to treat hypertension or a
blood pressure ≥ 140/90 mmHg). Trained interviewers recorded antihypertensive use. Incident
gout was defined as self-reported onset after baseline. Using a time-dependent Cox Proportional
Hazards model, we estimated the hazard rate ratio (HR) of incident gout by time-varying diuretic
use, adjusted for confounders, and tested for mediation by serum urate level.

Results—There were 5,789 hypertensive participants; 37% were treated with a diuretic. Use of
any diuretic (HR=1.48, 95% CI: 1.11, 1.98), thiazide diuretic (HR=1.44, 95% CI: 1.00, 2.10), and
loop diuretic (HR=2.31, 95% CI: 1.36, 3.91) was associated with incident gout compared with not
using any diuretic, thiazide diuretic or loop diuretics, respectively. After adjusting for serum urate,
the association between diuretic use and gout was null. Use of antihypertensive medication other
than diuretic agents was associated with decreased gout risk (adjusted HR=0.64 95% CI: 0.49,
0.86) compared to untreated hypertension. The longitudinal change in serum urate was 0.72 mg/dL
(95% CI: 0.57, 0.87) higher in those who initiated a diuretic compared with those who did not (p-
value<0.001).

Conclusions—Thiazide and loop diuretics were associated with increased gout risk, an
association mediated by a change in serum urate.
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Diuretic agents reduce morbidity and mortality related to stroke and congestive heart failure
in hypertensive patients (1). This class of antihypertensive medication is recommended as
initial therapy for hypertension (1, 2). Notwithstanding their favorable control of blood
pressure, these medications may increase the risk of gout. Diuretics, particularly thiazide
diuretics, are associated with an increase in serum urate levels (3–6). Moreover,
hyperuricemia is the leading risk factor for gout (7). The association of thiazide diuretic use
and gout was first noted in case series from the medical literature (8, 9). In trials and
observational studies, diuretic use was associated with an increased risk of gout (3, 7, 10,
11). However, 1 observational case-control study found that diuretic use was not associated
with gout after adjusting for comorbid conditions (12). Thus, it remains uncertain whether
diuretic use is independently associated with the development of gout.

While hypertension is the main indication for diuretic use, it is also an independent risk
factor for gout (10). Previous observational studies have not been able to differentiate
whether diuretic use or the underlying hypertension causes gout, leading to confounding by
indication, a common bias in observational studies of prescription drugs (13). Additionally,
the observational studies neither reported the type of diuretic used by study participants,
adjusted for time-varying blood pressure nor tested whether serum urate was on the
intermediate pathway between diuretic use and gout (10, 11). Studies of hypertensive
patients that can control for changes in blood pressure due to antihypertensive treatment may
be better suited to quantify the association of diuretic use with gout. Additionally, previous
clinical trials have not been designed to study gout as an outcome but rather focused on the
change in serum urate levels (3–5, 14). Furthermore, the studies of diuretics have focused on
thiazide diuretics, and few studies have assessed the association of loop diuretics with serum
urate and the risk of gout (15, 16). To our knowledge, no population-based study has jointly
evaluated the association of diuretic use with serum urate level and risk of incident gout.

We quantified the hazard of incident gout by diuretic use, and class of diuretic agent, over 9-
years of follow-up in a longitudinal population-based cohort of middle-aged adults. To limit
confounding by indication, the study was restricted to participants with hypertension and
included multiple measures of diuretic use. Additionally, we tested whether serum urate acts
as an intermediate on the pathway between diuretic use and incident gout.

Materials and Methods
Setting and Participants

The Atherosclerosis Risk in the Communities study (ARIC) is a prospective population-
based cohort study of 15,792 individuals recruited from 4 US communities (Washington
County, Maryland; Forsyth County, North Carolina; Jackson, Mississippi; and suburbs of
Minneapolis, Minnesota). The Institutional Review Board of the participating institutions
approved the ARIC study protocol and study participants provided written informed
consent. Participants aged 45 to 64 were recruited to the cohort in 1987–1989. This cohort
was established to study the natural history of atherosclerosis, and consisted of 1 baseline
visit (visit 1) between 1987 and 1989 and 3 follow-up visits (visits 2, 3, and 4) administered
3 years apart.

This analysis was limited to participants who were Caucasian or African American; few
participants reported other races (n=48). We excluded participants who did not report their
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gout status at visit 4 (n=2,356) and those with prevalent gout at cohort entry, defined as the
self-report of gout onset prior to the baseline visit (n=310).

We limited our study sample to those with hypertension at 1 or more visits. At each visit,
technicians used a random-zero sphygmomanometer to take 3 blood pressure measures. An
average of the second and third measurements was recorded for the first 3 visits and the first
and second measurement at the fourth visit. Hypertension was defined as the self-report of
medication to treat hypertension, or a measured systolic blood pressure greater than or equal
to 140 mm Hg or diastolic blood pressure greater than or equal to 90 mm Hg. Previous work
has suggested that restriction is a better method than propensity score to control for
confounding by indication when a drug is the best marker of the disease (17);
antihypertensive medications are clear markers of hypertension. As such, we excluded those
who were free of hypertension during follow-up (n=7,289). Therefore, there were 5,789
hypertensive participants included in our study.

Exposure: Diuretic Use
Trained interviewers collected information on the medications that participants used in the 2
weeks prior to the visit. Participants reported whether they used a medication to treat
hypertension. We considered this exposure to be time-varying and defined diuretic use as
the report of a diuretic at visit 1, 2, or 3. Diuretic use had to occur prior to the onset of gout
to be considered in this analysis. We did not include diuretic use at visit 4 in our analysis
because we wanted to ensure that use of this medication occurred prior to gout onset
(reported at visit 4). Participants that were missing data on diuretic use at visit 2 or 3 had
their previous reported diuretic carried forward. Additionally, we considered thiazide and
loop diuretics as separate classes of diuretics. In the class-specific analyses we considered
thiazide and loop diuretics as monotherapy, and we did not include participants with use of
more than 1 diuretic class, to isolate the effects. However, there were very few participants
at each visit who were on more than 1 diuretic, (less than 0.5% of participants at each visit).

Outcome: Incident Gout
At visit 4, participants were asked, “Has a doctor ever told you that you had gout?”
Participants who answered, “Yes,” to the gout query then reported the age of gout diagnosis.
The outcome of interest was incident gout based on self-report. Incident gout was defined as
the onset of gout after baseline. Our previous research suggests that self-report of a
physician diagnosis of gout is a reliable (3-year reliability kappa=0.73) and a sensitive
(sensitivity=84%) measure of gout (18).

Other Measures
Other covariates of interest that were assessed at baseline (1989) included age (in years), sex
(male or female), race (White or African American), alcohol intake (grams/week), diabetes
(present or absent), body mass index (BMI in kg/m2). Additionally, blood pressure was
measured at each visit and thus was considered to be time-varying. Serum creatinine was
estimated using a modified kinetic Jaffé reaction. Glomerular filtration rate (eGFR) was
estimated by using the 4-variable Modification of Diet in Renal Disease (MDRD) study
equation adjusted to the ARIC study (19) and categorized as <60 mg/dL, 60–90 mg/dL, and
>90 mg/dL. Additionally, the self-report of a history of congestive heart failure (CHF
present or absent) at visit 4 was also considered as a covariate of interest. These variables
were considered to be potential confounders and the categories were chosen to reduce
residual confounding.

Serum urate concentrations were measured with the uricase method at visit 1 and 2 in mg/
dL. The reliability coefficient of serum urate was 0.91, and the coefficient of variation was
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7.2% in a sample of 40 individuals with repeated measures taken at least 1 week apart (20).
In the complete ARIC cohort, the mean serum urate levels were 0.36 mg/dL higher at visit 2
due to lab drift compared with visit 1 after adjustment for age at the visit. Therefore, we
subtracted 0.36 mg/dL from the visit 2 serum urate levels to make them comparable to visit
1 values to correct for lab drift.

Statistical Methods
First, the mean and standard deviation (SD) as well as the prevalence of the covariates were
calculated and compared by diuretic use at either visit 1, 2, or 3. The mean of continuous
variables in those exposed to a diuretic was compared with the mean of those who were not
exposed to a diuretic using a t-test; the prevalence of categorical factors was compared using
chi-squared tests.

Using a time-dependent Cox Proportional Hazards model, the hazard rate ratio (HR) and
95% confidence intervals (CI) of incident gout by time-varying diuretic use was estimated
with age as the time scale. The comparator group was those not using any diuretic. Diuretic
use and measured blood pressure were treated as time-varying and updated at each of the
ARIC study visits. Results did not change when BMI was considered as time-varying.
Therefore, the BMI and the other variables were considered time-fixed at baseline. The HR
of incident gout by thiazide and the HR of incident gout by loop diuretics were estimated
separately. For the thiazide and loop diuretic analyses, the comparator groups were those
who were not taking a thiazide or loop diuretic agent, respectively. These comparator groups
include those treated with other antihypertensive medications or untreated hypertension.
This comparator group was selected because there is thought to be an increased risk with all
classes of diuretics and there was little power for head to head comparisons between
diuretics and other antihypertensive medications (exposed sample, n=557). However, to
allow for direct comparison of the risk of gout by any, thiazide and loop diuretics, we
estimated the HR of incident gout using those that were not taking any antihypertensive
medication to treat their hypertension (participants with untreated hypertension) as the
comparator group. Models were adjusted for confounders of the association of diuretic use
and incident gout including sex, race, baseline BMI, categorical eGFR, and time-varying
blood pressure. The unadjusted cumulative incidence function was plotted using a Kaplan-
Meier approach. Alcohol and diabetes were not included in the adjusted model because they
were not strong confounders in this study. The model with loop diuretics as the exposure
was also adjusted for history of congestive heart failure. The Cox Proportional Hazards
Models did not violate the proportional hazards assumptions; although only the analysis
with loop diuretics as the exposure of interest did not satisfy the assumption early in the
follow-up period.

Additionally, the association of antihypertensive medications other than diuretics with
incident gout was examined; the comparator group was those that were not taking any
antihypertensive medication to treat their hypertension (participants with untreated
hypertension). Primarily, the other antihypertensive medications were from the Angiotensin
Converting Enzyme (ACE) inhibitor class and included captopril, lisinopril and enalapril, as
well as the Beta Blocker class, including atenolol, nadolol, propranolol, metoprolol.

We assessed whether serum urate levels mediated the association of diuretic use and
incident gout. We added visit 2 serum urate level to the adjusted Cox Proportional Hazards
model to test for mediation. Additionally, using a t-test and linear regression, we tested if the
change in serum urate between visit 1 and 2 differed by the initiation of a diuretic between
visit 1 and 2; the comparison group was those who did not report diuretic use at either visit 1
or 2. Finally, we assessed the percentage of participants with incident gout who were taking
a diuretic at the visit prior to gout onset, at the visit after gout onset and at both visits.
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All analyses were performed in SAS, version 9.1 (SAS Institute, Cary, North Carolina).

Results
Study Population Characteristics

A total of 5,789 ARIC participants were hypertensive and met the study criteria. The study
population was 42% male and 31% African American. The mean age at cohort entry was 55
years (SD=5.7) and the mean BMI was 29 kg/m2 (SD=5.5).

There were 2,169 (37%) participants exposed to a diuretic during follow-up; 1,212
participants who were exposed to a thiazide diuretic and 339 to loop diuretic and only 89
who switched between loop and thiazide diuretics during follow-up. The most common
diuretic listed by participants was hydrochlorothiazide. The frequency of diuretic use (27%,
25%, 26%) remained the same over the 3 follow-up visits, respectively. However, there was
an increase in the percentage of participants that used an antihypertensive medication (42%,
47%, and 56%) over follow-up. Reflecting the dynamic nature of antihypertension
treatment, there were 2,252 participants who were exposed to a non-diuretic
antihypertensive medication during follow-up with many participants using more than 1
class of antihypertensive medication over follow-up. For example, 1,062 used an ACE
inhibitor and 1,430 were exposed to a beta-blocker; 331 were exposed to both these classes
over follow-up.

Table 1 lists the characteristics of ARIC cohort participants by diuretic use during follow-
up. Baseline study population characteristics were similar for those participants with any
diuretic use (Table 1), as well as for thiazide and loop diuretic use compared to no diuretic
use (data not shown). The 9-year cumulative incidence of gout was 3.9%; 2.8% in women
and 5.3% in men.

Association of Diuretic Use and Gout
The data in Table 1 suggests that the cumulative incidence of gout occurred more frequently
in participants with diuretic use during follow-up compared with those without diuretic use
(5.5% vs. 2.9%, log rank p-value <0.001). Figure 1 presents the Kaplan-Meier cumulative
incidence function of gout by any diuretic use, suggesting a higher rate of gout among those
who are exposed to a diuretic (log rank p-value <0.0001). Table 2 lists the unadjusted and
adjusted HR of incident gout by diuretic use. The unadjusted HR of incident gout was 1.72
(95% CI: 1.32, 2.25) comparing diuretic use to no diuretic use. Use of any diuretic was
associated with a 1.48-fold (95% CI: 1.11, 1.98) increase in the hazard of incident gout after
adjusting for time-varying blood pressure and confounders of the diuretic and gout
association. After further adjustment for serum urate level, use of a diuretic compared to no
diuretic use was no longer associated with incident gout (HR=0.96, 95% CI: 0.71, 1.28),
suggesting that serum urate may be a key intermediate on the pathway between diuretic use
and incident gout.

Furthermore, when diuretic use was compared to untreated hypertension, any diuretic use
was associated with a 3-fold increase in the risk of gout (adjusted HR=3.35, 95% CI: 2.49,
4.51).

Association of Thiazide and Loop Diuretic Use and Gout
Among the participants who took a thiazide diuretic, there were 63 incident gout cases,
corresponding to a cumulative incidence of 5%. Among those taking a loop diuretic there
were 23 gout cases and a cumulative incidence of 7%. Table 2 presents the hazard rate ratio
of gout by thiazide and loop diuretic use. After adjustment for confounders, thiazide diuretic
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use was associated with an approximately 1.44-fold increase in risk (95% CI: 1.00, 2.10)
compared to those who were not using a loop diuretic. Loop diuretics were associated with a
2.31-fold increase in risk of incident gout (95% CI: 1.36, 3.91) when compared to those who
were not taking a loop diuretic. When serum urate was added to the adjusted model, neither
thiazide diuretic use nor loop diuretic use remained associated with incident gout (thiazide
HR=0.94, 95% CI: 0.64, 1.38; loop diuretic HR=1.35, 95% CI: 0.78, 2.34) compared to
those who were not using a thiazide or not using a loop diuretic, respectively.

Additionally, thiazide and loop diuretic use were each associated with an increased risk of
gout when compared to untreated hypertension (thiazide HR=2.53, 95% CI: 1.75, 3.67; loop
diuretic HR=2.09, 95% CI: 1.19, 2.83).

Association of Antihypertensive Medications Use (Other Than Diuretics) and Gout
Among these participants, there were 89 incident gout cases in those exposed to a
nondiuretic antihypertensive agent, corresponding to a cumulative gout incidence of 4%.
Table 2 lists the unadjusted and adjusted hazard of incident gout by nondiuretic
antihypertensive use. After adjustment for confounders, nondiuretic antihypertensive use
was inversely associated with incident gout (HR= 0.64, 95% CI: 0.48, 0.84) compared to
untreated hypertension and remained associated even after adjusting for serum urate level.

Initiation of Diuretics and Change in Serum Urate Level
There were 330 new initiators of any diuretic and 3,827 noninitiators between visits 1 and 2.
The mean serum urate levels at these visits are listed in Table 3. The change in serum urate
was 0.72 mg/dL (95% CI: 0.57, 0.87) higher in those who initiated a diuretic compared with
those who did not (p-value<0.001). Similarly, the increase in serum urate was greater in
those who initiated thiazide (0.65 mg/dL, 95% CI: 0.45, 0.85) and loop diuretics (0.96 mg/
dL, 95% CI: 0.44, 1.48) compared with those who did not (p-value<0.001 for both thiazide
and loop diuretics). However, the initiation of a nondiuretic antihypertension medication
was associated with a decrease in serum urate levels (−0.21 mg/dL, 95% CI: −0.32, −0.11)
compared with untreated hypertension at visit 2. Additionally, the mean change in serum
urate level between visit 1 and visit 2 was similar, although slightly attenuated, after
adjusting for age, sex, race, eGFR, previous non-diuretic antihypertensive use and BMI.

Diuretic Use Before and After the Onset of Gout
Overall, 86 (38%) participants used a diuretic at the visit prior to the onset of gout. At the
visit after gout diagnosis, 105 (47%) participants were taking a diuretic. Additionally, 74 of
the 86 (86%) participants who were taking a diuretic prior to the onset of gout were still on a
diuretic at the visit after their gout onset. Finally, only 3 (3%) of the participants with gout
switched from a diuretic at the visit prior to gout onset to another antihypertensive
medication at the visit after gout onset.

Sensitivity Analyses
The study results did not differ, 1) after adjustment for alcohol intake (grams/week) and
diabetes, 2) after adjustment for history of thiazide use among those using a loop diuretic,
and 3) when visit 1 serum urate levels were substituted for visit 2 serum urate levels. The
results did not differ by sex or race in stratified analyses, inasmuch as the sex and race
interactions were not statistically significant.

Discussion
In a large prospective population-based study of middle-aged adults with hypertension, we
found that both thiazide and loop diuretics were independently associated with an increased
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risk of incident gout. The results suggest that the initiation of a diuretic raises serum urate
levels. Other antihypertensive medications were associated with a decreased risk of gout,
which may reflect the protective effect of reducing blood pressure in hypertensive patients
and the resulting decrease in serum urate level achieved after initiation of these medications.
Additionally, findings from this large biracial cohort suggest that elevation of serum urate
may mediate the association of diuretic use with incident gout in hypertensive patients.
Finally, few participants with gout discontinued the use of a diuretic after the onset of gout.

Epidemiologic studies have suggested that a history of diuretic use is associated with gout
(7, 10, 11). For example in a community-based cohort of white adults, the history of any
diuretic use was associated with a 2.4-fold increased risk of gout in women and 3.4-fold
increased risk in men after adjustment for hypertension and other gout risk factors (11). The
results may be biased away from the null due to confounding by indication, because this
cohort is relatively healthy and diuretic use may be a marker of worse health. In contrast, a
pharmacoepidemology case-control study using records from a single Dutch primary care
center reported that the association between being prescribed a diuretic and a diagnosis of
gout was null after adjusting for history of hypertension and other confounders (12). Our
results may differ from this previous study because of the control selection utilized in this
Dutch case-control study: matching on comorbid conditions rather than adjusting for these
conditions will allow for a more accurate comparison in which both the case and the control
are likely to be exposed to a diuretic. By restricting our study to participants with
hypertension and adjusting for time-varying blood pressure, we were better able to control
for confounding by indication. However, our results were similar to a community-based
cohort reporting that diuretic use was associated with the development of gout in men
(HR=1.77, 95% CI: 1.42, 2.20) (10).

In clinical trials, gout was associated with the use of a thiazide diuretic compared with
standard care or placebo (3, 4). However, these studies were not designed to assess gout as
an outcome. A pharmacoepidemiology study using New Jersey Medicaid prescription data,
found a 1.99 relative risk (95% CI: 1.21, 3.26) of initiating an antigout medication for
patients taking thiazide agents, but no increased risk for nonthiazide antihypertensive agents
(21). This study is missing the more clinically relevant outcome of incident gout, and was
limited to treated cases of gout defined by a prescription claim for allopurinol, colchicine, or
an uricosuric agent. Thiazide and loop diuretics were also associated with recurrent attacks
in patients with gout (22). In a case-control study, gout was more strongly related to the use
of loop diuretics (15).

The increase of serum urate due to diuretics has been noted in case studies, clinical trials,
and epidemiology studies and is most often attributed to thiazide diuretics (3–6, 23). For
example, the Systolic Hypertension in the Elderly Program randomized trial of community-
living adults with hypertension aged 60 years or older found that the 3-year increase in
serum urate level was 0.90 mg/dL in those randomized to the thiazide arm compared with
the placebo arm, a rise in serum urate levels similar to our own findings (5). Data on loop
diuretics and serum urate are, however, more limited. Pooled analysis of 2 small studies
found no change in serum urate after the initiation of a loop diuretic (16). A UK study of the
25 participants using a diuretic before the onset of gout, found that 16 (64%) continued the
diuretic (24). These results were consistent with our findings in hypertensive middle-aged
adults with the slight differences perhaps attributable to different practices in the
management of gout in the UK.

Hyperuricemia occurs when there is an over-production or under-excretion of uric acid.
Hypertension decreases renal blood flow, which may augment urate reabsorption and thus
lead to urate under-excretion (25). Diuretics cause water loss and this leads to volume
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depletion. In particular, loop diuretics are often prescribed for volume control. Additionally,
diuretics are thought to affect ion exchanger proteins at the proximal tubule lumen
membrane in the kidney. This would increase both sodium and urate reabsorption and thus
increase serum urate levels (25). These mechanisms may be associated with an increase in
serum urate and the development of gout beyond the effects of hypertension. However,
blood pressure control may increase serum urate excretion and decrease the risk of gout.

To our knowledge, this is the first study to jointly quantify the association of diuretic use on
both serum urate levels and incident gout in hypertensive participants in a prospective,
population-based cohort. Additionally, ARIC is a well-characterized cohort with very high
response rates. This is one of the largest biracial studies of gout, which included both men
and women with gout. Restricting our study population to those with hypertension allowed
us to better control for confounding by indication than previous studies. Additionally, we
used a broad definition of hypertension that included both measured blood pressure and
antihypertension medications. We were able to control for the treatment effects of
antihypertensive medications by adjusting for measured blood pressure at each ARIC study
visit. Additionally, we controlled for eGFR, which has previously been thought to explain
the association of diuretic use and gout (26). Two measures of serum urate allowed for
analysis of new initiators of diuretics and to quantify the change in serum urate levels
associated with diuretic initiation. Finally, we were able to show that the elevated risk of
gout in hypertensive participants was specific to the diuretic class of antihypertensive agents
and not associated with the use of other antihypertensive medications.

The main limitation of our study was that gout was self-reported by participants at visit 4.
However, previous work has suggested that self-reported gout and age of onset is both
sensitive and reliable (18). Participants had to survive until visit 4 and be healthy enough to
attend the follow-up assessment to be included in this study. This may induce selection bias
if those who attended visit 4 were different from the baseline study population with respect
to their health status profile (i.e. hypertension, renal function and obesity status). However,
such a bias, with non-participation at follow-up of the more comorbid participants, those at
greater risk to develop gout, would lead to an attenuation of the true association.
Additionally, the study collected information on diuretic use in the 2 weeks prior to the visit
and not detailed information on diuretic use each month after baseline. However,
antihypertension medications are often taken for years and there is moderate persistence
with this class of drugs (27). Additionally, the cohort did not collect data on whether
participants were treated for hypertension through lifestyle interventions. We cannot be
assured that we have fully controlled for confounding by indication, although we have
adjusted for the main confounders and restricted the population to those with hypertension.
In particular, there may be confounding by indication due to CHF for the association of loop
diuretics and gout. However, there was insufficient data – only 22 cases of gout among those
with CHF, of whom only 4 were exposed to a diuretic – to examine the association of
diuretic use with incident gout among those participants with CHF. We could not rule out
the possibility that serum urate is a confounder and not a mediator of this association.
However, it is unlikely that physicians would be selectively prescribing a diuretic to those
with elevated serum urate, as this would be the source of the confounding. Although serum
urate has been found to predict the onset of hypertension, (25) a randomized controlled trial
would be necessary to determine the directionality of the uric acid and hypertension
association. Our analysis was not designed to test whether the urate level was a consequence
of changing blood pressure levels. However, in new initiators with hypertension, those who
initiated a diuretic experienced, on average, a greater escalation in serum urate levels than
those who did not initiate a diuretic. We were not able to test whether dose or a specific
brand of thiazide or loop diuretic was associated with higher gout risk. We did not assess the
association of other classes of antihypertensives because diuretics were the most commonly
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used class of antihypertensive. Additionally, the first angiotensin receptor blockers (ARBs),
some of which have uricosuric properties, were approved in 1995. As such, we were unable
to assess the association of ARBs, such as losartan, with incident gout because we only
considered diuretic exposure prior to the last ARIC study visit, which occurred prior to the
introduction of these agents (28). Finally, we are unable to rule out the possibility that the
inverse association of other antihypertensive medications is due to the fact that use of an
antihypertension medication is also associated with other healthy behaviors beyond what we
can adjust for in this analysis. This healthy-user bias often occurs in observational studies of
the protective effects of prescription medications (29).

The results from this population-based, longitudinal study support the hypothesis that
diuretic use increases serum urate levels and is related to an increase in incidence of gout.
Future studies should not only confirm the risk of gout associated with diuretic-induced
hyperuricemia but also further elucidate the complicated relationship of hypertension,
diuretics, uric acid, and gout. Although diuretic use has proven to be a safe and effective
first-line treatment for hypertension, our results contribute to the evidence that diuretic use is
associated with an increased risk of gout independent of hypertension and other chronic
conditions.
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Figure 1.
Cumulative incidence of gout according to any diuretic use in the Atherosclerosis Risk in
Communities Study. The log-rank p-value was <0.001 for any diuretic use.

McAdams DeMarco et al. Page 12

Arthritis Rheum. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

McAdams DeMarco et al. Page 13

Table 1

Baseline gout risk factors by diuretic use at baseline or follow-up in ARIC participants with hypertension
(n=5,789)

Baseline risk factors No diuretic use (n=3,620) Diuretic use (n=2,169)

Male sex, n (%) 1,727 (48) 718 (33)†

Mean age, years (SD) 54.5 (5.7) 55.0 (5.7)*

African American race, n (%) 955 (26) 836 (39)†

Mean blood pressure, mm Hg (SD)

 Systolic 128 (16.1) 129 (18.2)

 Diastolic 77 (10.4) 78 (10.9)†

Mean BMI, kg/m2 (SD) 27.8 (4.9) 30.1 (6.1)†

Estimated glomerular filtration rate, mL/min, n (%)

 <60 70 (2.0) 95 (4.4)†

 60–90 1,770 (49.3) 1,042 (48.5)

 >90 Mean serum urate, mg/dL, (SD) 1,745 (48.7) 1,010 (47.0)

Mean alcohol intake, grams/week, (SD) 44.6 (95) 32.0 (84)†

Mean serum urate, mg/dL, (SD) 6.0 (1.4) 6.6 (1.6)†

9-year cumulative incident gout, n (%) 105 (2.9) 120 (5.5)†

*
p-value <0.05 comparing diuretic use with no diuretic use.

†
p-value <0.001 comparing diuretic use with no diuretic use

ARIC=Atherosclerosis Risk in Communities Study; BMI=Body Mass Index
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Table 2

Hazard rate ratio of incident gout by time-varying diuretic use in the ARIC participants with hypertension
(N=5,789)

Any diuretic use
(n=2,169)‡ Thiazide use (n=1,212)

Loop diuretic use
(n=339)

Nondiuretic
antihypertensive use
(n=2,252)§

Model HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Unadjusted 1.72 (1.32, 2.25)† 1.54 (1.08, 2.21)* 3.65 (2.26, 5.90)† 0.44 (0.30, 0.64)†

Sex- and race-adjusted 1.72 (1.31, 2.26)† 1.50 (1.05, 2.16)* 3.99 (2.45, 6.51)† 0.46 (0.31, 0.68)*

Adjusted for confounders|| 1.48 (1.11, 1.98)* 1.44 (1.00, 2.10) 2.31 (1.36, 3.91)* 0.64 (0.49, 0.86)*

Mediation by serum urate# 0.96 (0.71, 1.28) 0.94 (0.64, 1.38) 1.35 (0.78, 2.34) 0.64 (0.48, 0.84)*

*
p-value <0.05 compared with no diuretic use.

†
p-value <0.001 compared with no diuretic use.

‡
The analyses of thiazide and loop diuretics are subsets of the analysis for any diuretic use. Therefore, the number of participants using a loop or

thiazide diuretic does not sum to the total number of participants using any diuretic. The comparator groups are no diuretic use, no thiazide diuretic
use and no loop diuretic use, respectively.

§
The comparator group includes those who are not treated for hypertension.

||
Confounders: Sex, race, BMI, categorical eGFR and time-varying blood pressure. Age was the time-scale. The analysis of loop diuretics included

congestive heart failure as a confounder.

#
To test for mediation by serum urate level, we added the serum urate level at visit 2 to the model that was adjusted for confounders.

ARIC=Atherosclerosis Risk in Communities Study; HR=Hazard Rate Ratio; CI=Confidence Interval
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Table 3

Change in serum urate level associated with new diuretic use in the ARIC participants with hypertension
(N=4,257)

No diuretic use
(n=3,827)† New diuretic use (n=330) New thiazide use (n=171) New loop use (n=43)

Serum urate Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Visit 1 5.95 (1.40) 6.23 (1.51) 6.34 (1.64) 6.41 (1.41)

Visit 2 6.09 (1.49) 7.08 (1.66) 7.10 (1.74) 7.87 (1.79)

Change‡ 0.13 (0.98) 0.85 (1.35)* 0.78 (1.29)* 1.09 (1.68)*

Difference in change (95% CI)§ reference 0.72 (0.57, 0.87)* 0.65 (0.45, 0.85)* 0.96 (0.44, 1.48)*

Adjusted difference in change
(95% CI)§

reference 0.59 (0.43, 0.74)* 0.55 (0.35, 0.75)* 0.73 (0.32, 1.14)*

*
p-value <0.001 (for Change and Difference in change)

†
See footnote 1 from Table 2.

‡
Change = Visit 2 serum urate level minus visit 1 serum urate level. P-value tests the hypothesis that the change in serum urate from visit 1 to visit

2 is different from 0.

§
Difference = Change in serum urate level for diuretic use minus change in serum urate level for no diuretic use. P-value tests the hypothesis that

the unadjusted difference change in serum urate is different for those taking a diuretic compared with those not taking a diuretic. Adjusted change
accounted for age, sex, race, eGFR, previous non-diuretic antihypertensive use and BMI.

ARIC=Atherosclerosis Risk in Communities Study; SD=Standard Deviation; CI=Confidence Interval
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