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Association of Gout With Long-Term Cardiovascular Outcomes Among
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Background—Epidemiological studies demonstrating a relationship between gout and cardiovascular disease are older and
predate modern cardiovascular preventive therapy. We assessed the contemporary association between gout and cardiovascular
disease in patients with obstructive coronary artery disease.

Methods and Results—Data were from the Duke Databank for Cardiovascular Diseases, which followed up patients undergoing
cardiac catheterization with obstructive coronary artery disease at Duke University Medical Center (1998-2013). We assessed
the relationship between gout diagnosis at baseline or during follow-up and the primary composite outcome of cardiovascular
death, myocardial infarction, or stroke, adjusting for differences in baseline clinical factors. Secondary end points included
cardiovascular death and all-cause mortality. New, postbaseline, gout diagnosis was included as a time-dependent covariate.
Among 17 201 patients, 1406 (8.2%) had baseline gout and a high burden of cardiovascular risk factors, but high rates of
optimal medical therapy. Over a median follow-up of 6.4 years, gout diagnosis at time of catheterization was not associated
with the primary outcome (hazard ratio [95% confidence interval], 1.05 [0.96—1.15]; P=0.31) or cardiovascular death (hazard
ratio [95% confidence interval], 1.10 [0.99-1.22]; P=0.08), but was associated with increased all-cause mortality (hazard ratio
[95% confidence interval], 1.13 [1.05-1.23]; P=0.002). After including new, postbaseline, gout diagnosis, the instantaneous risk
of the primary outcome was significantly associated with prior gout diagnosis (hazard ratio [95% confidence interval], 1.15
[1.07-1.25]; P=0.0004).

Conclusions—A clinical history of gout is associated with worse outcomes in a contemporary population of patients with
obstructive coronary artery disease. This increased risk exists despite high levels of optimal baseline cardiovascular disease
medical therapy, suggesting that residual cardiovascular risk is not addressed by standard medical therapy. (/ Am Heart Assoc.
2018;7:e009328. DOI: 10.1161/)JAHA.118.009328.)
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concerning given the frequent coexistence of gout and
cardiovascular disease (CVD) in the general population.?
Because of many shared risk factors, including hypertension,
diabetes mellitus, and obesity,a’5 the exact nature of the
relationship between gout and CVD has remained unclear.
Several epidemiologic studies have found an independent
relationship between gout and CVD6'7; however, these were

G out is a common rheumatologic condition affecting
almost 4% of the adult population in the United States,
and the prevalence is increasing.’ This increase is particularly
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the context of a rigorous registry.6’7 Our goal was to examine
the long-term association between gout and CVD in a
contemporary population of men and women with known
CAD, a high-risk population for subsequent cardiovascular
events. We addressed this question using the Duke Databank
for Cardiovascular Diseases (DDCD), which includes patients
who presented for cardiac catheterization at Duke University
Medical Center between 1998 and 2013 and were found to
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Clinical Perspective

What Is New?

* Using retrospective data from the Duke Databank for
Cardiovascular Disease, we found that a clinical history of
gout is associated with worse outcomes in a contemporary
population of patients with obstructive coronary artery
disease.

» This increased risk exists despite high levels of optimal
baseline cardiovascular disease medical therapy.

What Are the Clinical Implications?

Our findings bring into question the possibility of residual
risk beyond what can be addressed with standard medical
therapy for cardiovascular disease.

* As we look to the future, further study is needed to
determine whether targeted anti-inflammatory therapy or
better control of gout can improve cardiovascular outcomes.

have obstructive CAD, with collection of subsequent follow-up
through 2014.

Methods

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Study Design and Population

The DDCD is a large well-characterized registry of all
patients who underwent cardiac catheterization at Duke
University Medical Center between 1969 and 2015.% Sub-
sequent clinical events are ascertained from Duke Health
System records. The DDCD also includes an annual follow-up
telephone call or mailed survey for patients with significant
CAD in which patients report non-Duke hospitalization
events and list outpatient medications. For clinical events
occurring at Duke, the end points of myocardial infarction
(M), stroke, and cardiovascular death were based on clinical
diagnoses assigned by the patient’s physician. For outside
events reported on follow-up surveys, an events committee
reviewed all information from the patient and, with patient
permission, from outside health system records. For patients
lost to follow-up, a query of the National Death Index was
obtained to ascertain vital status and cause of death through
2014. Baseline clinical variables for each patient were stored
in the DDCD using methods previously described.® Medica-
tion use at baseline (within 6 months before catheterization)
was ascertained from data collected in the DDCD (at time of

catheterization) and from medication records in the Duke
Health System. This retrospective observational study was
approved by the Duke Institutional Review Board under a
waiver of informed consent and Health Insurance Portability
and Accountability Act of 1996 approval.

Patients were included in this retrospective study if they
were at least 18 years old, underwent diagnostic catheteri-
zation between January 1998 and December 2013, and had
evidence of obstructive CAD, defined as clinically significant
occlusion in a major segment in >1 coronary arterial systems.
Patients were excluded if they did not have at least 1
outpatient encounter at Duke in the 24 months before
catheterization (to avoid misclassification of patients who
did not receive regular care at Duke), had severe valvular
disease, or had high-risk comorbidities, such as cancer,
cardiac transplantation, congenital heart disease, AIDS, or
end-stage renal disease on dialysis. Only the first qualifying
diagnostic catheterization for each patient was included in the
analysis.

Study Definitions and End Points

A history of gout at baseline was defined as evidence of any of
the following, ascertained using electronic medical record
data within the Duke Health System: inpatient or outpatient
diagnosis of gout before catheterization (/nternational Classi-
fication of Diseases, Ninth Revision [ICD-9], code of 274.XX);
or use of gout-related medications before catheterization,
including allopurinol, colchicine, febuxostat, probenecid, or
any combination thereof. Diagnosis of gout after date of
cardiac catheterization was defined using inpatient or outpa-
tient diagnosis codes. Serum uric acid levels recorded in the
Duke Health System were reported using the most recent
measurement within 6 months before catheterization.

The primary composite end point for this analysis was time
to first event of cardiovascular death, MI, or stroke.
Secondary end points included time to all-cause death, time
to cardiovascular death, time to cause-specific cardiovascular
death (ie, fatal MI, sudden death, heart failure death, cardiac
procedure death, or other cardiac death), time to noncardiac
death, and time to death of unknown cause. “Other cardiac
death” was defined as death in which there is evidence of a
primary cardiac cause that cannot be classified as definite Ml
or heart failure. For example, if the death certificate stated
that the cause of death was cardiac (eg, M| or heart failure),
but no other data were available, then the death would be
classified as “other cardiac death.”

Statistical Analyses

A summary of demographic and clinical characteristics of the
analysis cohort was stratified by diagnosis of gout at baseline.
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Continuous characteristics were summarized with median and
interquartile range; categorical variables were summarized
with frequency count and percentage. Characteristics were
compared between individuals with and without a history of
gout using a y? statistic for categorical variables and a
Wilcoxon rank-sum statistic for continuous variables. Cumu-
lative incidence rates were estimated, accounting for the
competing risk of other causes of death where appropriate,
and censoring at last date known alive/last follow-up.
Cumulative event rate curves were plotted, stratified by
baseline gout status.

The relationship between baseline gout status and each
study end point was analyzed using Cox proportional cause-
specific hazards regression. The proportional hazards assump-
tion was evaluated using weighted Schoenfeld residuals. An
adjusted model included age, sex, race, medical history
(including prior MI), coronary artery bypass graft surgery,
congestive heart failure, cerebrovascular disease, peripheral
vascular disease, diabetes mellitus, carotid bruits, history of
chronic obstructive pulmonary disease, body mass index,
congestive heart failure severity class (<2 weeks precatheter-
ization), history of smoking, ventricular gallop, history of renal
disease, baseline estimated glomerular filtration rate, valvular
heart disease, hypertension, systolic blood pressure, year of
index catheterization, history of liver disease, number of
diseased vessels, left main artery stenosis >50%, acute
coronary syndrome status, and baseline use of aspirin,
angiotensin-converting enzyme inhibitor or angiotensin recep-
tor blocker, or statins. Multiple imputation (n=25 imputed
data sets) was used to simulate missing data for the
covariates. The adjusted models were fit within each imputed
data set. To provide statistical inference, results were then
combined across the data sets, taking into account the
uncertainty, attributable to imputation of missing values. Of
the 17 201 subjects in the cohort, 14 203 (82.6%) had
complete data on all adjustment covariates. Covariates with
highest levels of missing data were medications (7.6%
missing), systolic blood pressure (5.6% missing), congestive
heart failure severity (2.6% missing), and race (1.4% missing).
Other covariates were either complete or <1% missing.
Natural cubic spline transformations were used for continuous
covariates to avoid forcing associations to be linear.

The relationship between gout status at baseline or during
follow-up and each end point was analyzed using Cox
proportional cause-specific hazards regression, with gout
status modeled as a time-dependent covariate that switched a
patient into the gout group at the time of postbaseline
diagnosis. The same variables listed above were used for
adjustment in these models.

Data acquisition and statistical analysis were performed at
the Duke Clinical Research Institute using SAS, version 9.4
(SAS Institute, Cary, NC).

Results

Baseline Characteristics of Patient Population by
Gout History

Of 85 173 patients who underwent catheterization between
January 1998 and December 2013, 17 201 (20.2%) met our
inclusion criteria (Figure 1). Of these patients, 1406 (8.2%)
had a baseline history of gout and 15 795 (91.8%) did not.
Those with a history of gout at the time of catheterization
were most commonly identified with a diagnosis of gout in the
record (75.3%), but most were also taking at least 1 gout
medication at baseline (66.9%) (Table 1). Individuals with gout
at baseline were older and more often men and nonwhite, and
more commonly had a history of MI, coronary revasculariza-
tion, congestive heart failure, cerebrovascular disease,
peripheral vascular disease, diabetes mellitus, hypertension,
and renal disease than those without gout. Compared with
patients without gout, those with gout less commonly
presented with acute coronary syndrome or underwent
coronary revascularization after catheterization, but had a
higher number of diseased vessels. This overall population of
patients with obstructive CAD had relatively high rates of

Cardiac Catheterizations performed
at Duke between 1998 and 2013

N=85,173
Exclude: No
significant CAD
N=37,363
Exclude: <18 years
N=3
Exclude: Congenital
heart disease
Exclude: Valvular N=201
heart disease
N=384
Exclude: High-risk
comorbidities
N=3,140
Exclude: No
outpatient visit to
Duke in prior 24 m Exclude: Repeat
N=14,406 cath procedures
N=12,475

Final Sample for Analysis
\ N=17,201

Figure 1. Cohort diagram. This figure displays the final study
population, beginning with the initial cohort, through exclusions.
CAD indicates coronary artery disease.
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Table 1. Baseline Characteristics by Gout Status at Baseline

No Gout History Gout History
Characteristic Overall (N=17 201) (N=15 795) (N=1406) P Value
Demographics
Age, y 65 (56-73) 64 (56-73) 67 (59-75) <0.0001
Female sex 5644 (32.8) 5326 (33.7) 318 (22.6) <0.0001
Nonwhite race 3746 (22.1) 3391 (21.8) 355 (25.5) <0.0001
Medical history
M 5833 (33.9) 5290 (33.5) 543 (38.6) <0.0001
PCI 3042 (17.7) 2763 (17.5) 279 (19.8) 0.027
CABG 4291 (24.9) 3834 (24.3) 457 (32.5) <0.0001
CHF 4347 (25.8) 3847 (24.9) 500 (36.1) <0.0001
Cerebrovascular disease 1842 (10.7) 1644 (10.4) 198 (14.1) <0.0001
PVD 1764 (10.3) 1608 (10.2) 156 (11.1) 0.279
Diabetes mellitus 5425 (31.5) 4896 (31.0) 529 (37.6) <0.0001
Hypertension 12 195 (70.9) 11 053 (70.0) 1142 (81.2) <0.0001
Smoking 8338 (48.5) 7691 (48.7) 647 (46.0 0.054
Renal disease 136 (0.8) 106 (0.7) 30 (2.1) <0.0001
Prior medications
Aspirin 14 953 (86.9) 13 679 (86.6) 1274 (90.6) <0.0001
ACE-I/ARB 12 084 (76.0) 11 006 (75.7) 1078 (79.1) 0.0047
{3 Blocker 13 895 (87.4) 12 689 (87.3) 1206 (88.5) 0.1890
Clopidogrel 8430 (53.0) 7759 (53.4) 671 (49.3) 0.0036
Statins 12 644 (79.5) 11 547 (79.5) 1097 (80.5) 0.3404
Warfarin 1211 (7.6) 1030 (7.1) 181 (13.3) <0.0001
Criteria for gout history
Clinical gout diagnosis 1059 (6.2) 1059 (75.3)
Any gout medication before baseline 940 (5.5) 940 (66.9)
Allopurinol 707 (4.4) 707 (50.7)
Colchicine 379 (2.3) 379 (27.2)
Febuxostat 15 (0.1) 15 (1.1)
Probenecid/Colchicine 2 (0.0) 2 (0.1)
Probenecid 40 (0.2) 40 (2.9)
Presentation characteristics
Systolic BP, mm Hg 143 (127-162) 143 (127-162) 145 (129-162) 0.120
Diastolic BP, mm Hg 80 (71-89) 80 (71-89) 81 (72-90) 0.037
BMI, kg/m? 28 (25-32) 28 (25-32) 30 (26-34) <0.0001
eGFR, mL/min per 1.73 m? 72.8 (55.7-88.7) 73.8 (57.2-89.3) 58.4 (41.5-76.8) <0.0001
Serum uric acid, mg/dL* 6.1 (4.9-7.7) 6.0 (4.8-7.3) 7.2 (5.6-9.0) <0.0001
ACS 8745 (50.8) 8084 (51.2) 661 (47.0) 0.003
No. of diseased vessels
1 6379 (37.1) 5949 (37.7) 430 (30.6) <0.0001
2 4530 (26.3) 4167 (26.4) 363 (25.8)
>2 6292 (36.6) 5679 (36.0) 613 (43.6)
Continued
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Table 1. Continued

No Gout History Gout History
Characteristic Overall (N=17 201) (N=15 795) (N=1406) P Value
Management after catheterization
PCI 7832 (45.5) 7255 (45.9) 577 (41.0) 0.0002
CABG 2877 (16.7) 2650 (16.8) 227 (16.1)
Medical management 6492 (37.7) 5890 (37.3) 602 (42.8)
Duration of follow-up" 6.4 (3.0-10.7) 6.6 (3.1-10.8) 4.6 (2.1-8.4)

Continuous variables are presented as median (25th—75th percentile). Categorical variables are presented as number (percentage). ACE-l indicates angiotensin-converting enzyme
inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; CHF, congestive heart
failure; eGFR, estimated glomerular filtration rate; MI, myocardial infarction; PCI, percutaneous coronary intervention; and PVD, peripheral vascular disease.

*Serum uric acid measurement is most recent <6 months before catheterization, and only available in a minority of patients (in 1396 overall, in 1158 patients without gout history, and in

238 patients with gout history).

Duration of follow-up reported as years from baseline catheterization to death or last known alive date.

baseline evidence-based medication use, including aspirin
(~90%), statin therapy (~80%), and B blockers (~90%).

Association Between Gout History and
Cardiovascular Outcomes

Over the total follow-up period (median [interquartile range]
follow-up, 6.4 [3.0-10.7] years; maximum follow-up,
17.7 years), the primary composite event occurred in 6177
patients overall, with 10-year cumulative incidence of 46.0% in
those with gout compared with 37.2% in those without gout
history at baseline. All-cause death occurred in 7679

individuals (10-year cumulative incidence of 58.9% versus
44.2% in those with or without gout, respectively) (Table 2).
The cumulative incidence curves for the composite end point
of cardiovascular death, MI, or stroke by baseline gout status
are shown in Figure 2. In unadjusted analysis, individuals with
gout were 40% more likely to experience the primary
composite end point compared with those without gout
(hazard ratio [HR] [95% confidence interval {CI}], 1.40 [1.29—
1.53]; P<0.0001; Table 2). This estimate was not modified by
patient sex (interaction P=0.66). However, after adjustment
for possible confounding factors, gout status at baseline was
no longer associated with the primary composite end point

Table 2. Association Between Gout at Baseline and Clinical End Points

Cumulative Incidence (Unadjusted), No. (%) With Event Unadjusted Adjusted*
End Point Follow-Up Time Point, y No Gout History Gout History HR (95% ClI) P Value HR (95% CI) P Value
Cardiovascular death/MI/stroke | 1 1736 (11.0) 204 (14.6) 1.40 (1.29-1.53) | <0.0001 | 1.05 (0.96-1.15) | 0.306
5 3796 (25.3) 443 (33.5)
10 5062 (37.2) 546 (46.0)
15 5554 (46.0) 578 (53.8)
Cardiovascular death 1 828 (5.3) 114 8.1) 1.62 (1.47-1.80) | <0.0001 1.10 (0.99-1.22) | 0.081
5 2069 (13.8) 283 (21.5)
10 3072 (23.2) 375 (32.5)
15 3588 (32.3) 417 (42.8)
All-cause death 1 1307 (8.3) 170 (12.1) 1.55 (1.44-1.67) | <0.0001 1.13 (1.05-1.23) | 0.002
5 3765 (25.3) 475 (36.6)
10 5790 (44.2) 660 (58.9)
15 6818 (62.0) 746 (79.3)

Cl indicates confidence interval; HR, hazard ratio; MI, myocardial infarction.

*Adjusted for age, sex, race, medical history (including prior MI, coronary artery bypass grafting, congestive heart failure, congestive heart failure severity class, cerebrovascular disease,
peripheral vascular disease, diabetes mellitus, carotid bruits, history of chronic obstructive pulmonary disease, body mass index, congestive heart failure severity class [<2 weeks
precatheterization], history of smoking, ventricular gallup, history of renal disease, baseline estimated glomerular filtration rate [Chronic Kidney Disease Epidemiology Collaboration], any
valvular heart disease, hypertension, systolic blood pressure, year of index catheterization, history of liver disease, number of diseased vessels, left main stenosis >50%, acute coronary
syndrome status, and baseline use of aspirin, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, or statin therapy).
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Figure 2. Cumulative incidence curves. Cumulative incidence curves for cardiovascular (CV) death,
myocardial infarction, or stroke incidence by baseline gout status. Hx indicates history; MI, myocardial

infarction.

(HR [95% Cl], 1.05 [0.96—1.15]; P=0.31) or with cardiovascu-
lar death (HR [95% CI], 1.10 [0.99-1.22]; P=0.08). In
comparison, a history of gout was related to all-cause
mortality both before and after adjustment (adjusted HR
[95% ClI], 1.13 [1.05—1.23]; P=0.002; Figures S1 and S2).
Similarly, a history of gout was related to other cardiac death
(adjusted HR [95% CI], 1.23 [1.07-1.42]; P=0.003) and
noncardiac death (adjusted HR [95% ClI], 1.14 [1.02—-1.28];
P=0.021) both before and after adjustment (Table S1).

Of the 15 795 patients who did not have gout at baseline,
917 had a subsequent gout diagnosis reported over the

course of the study (cumulative incidence of 6.1% at
10 years). In unadjusted analysis with gout diagnosis modeled
as a time-varying covariate, individuals with gout at baseline
or during study follow-up were 50% more likely to experience
the primary composite end point compared with those
without gout at any point during the study (HR [95% CI],
1.50 [1.39—-1.61]; P<0.0001; Table 3). After adjustment for
baseline factors, the association was attenuated, but still
significant (HR [95% CI], 1.15 [1.07-1.25]; P=0.0004). The
adjusted relationships between gout at baseline or during the
study and the outcomes of cardiovascular death and all-cause

Table 3. Association Between Gout at Baseline or During Follow-Up and Clinical Outcomes

Adjusted P
End Point Unadjusted HR (95% Cl) Unadjusted P Value Adjusted HR (95% Cl)* Value*
Cardiovascular death/Ml/stroke 1.50 (1.39-1.61) <0.0001 1.15 (1.07-1.25) 0.0004
Cardiovascular death 1.73 (1.59-1.88) <0.0001 1.19 (1.09-1.31) 0.0002
All-cause death 1.65 (1.55-1.76) <0.0001 1.21 (1.13-1.30) <0.0001

Cl indicates confidence interval; HR, hazard ratio; MI, myocardial infarction.

*Adjusted for age, sex, race, medical history (including prior MI, coronary artery bypass grafting, congestive heart failure, congestive heart failure severity class, cerebrovascular disease,
peripheral vascular disease, diabetes mellitus, carotid bruits, history of chronic obstructive pulmonary disease, body mass index, congestive heart failure severity class [<2 weeks
precatheterization], history of smoking, ventricular gallup, history of renal disease, baseline estimated glomerular filtration rate [Chronic Kidney Disease Epidemiology Collaboration], any
valvular heart disease, hypertension, systolic blood pressure, year of index catheterization, history of liver disease, number of diseased vessels, left main stenosis >50%, acute coronary
syndrome status, and baseline use of aspirin, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, or statin therapy).
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mortality were also significant (HR [95% Cl], 1.19 [1.09-1.31]
[P=0.0002] and 1.21 [1.13—-1.30] [P<0.000 1], respectively). In
addition, the adjusted relationships between gout at baseline
or during the study and the outcomes of heart failure death,
other cardiac death, and noncardiac death were also signif-
icant (Table S2).

Discussion

In a contemporary population of men and women with
obstructive CAD treated with high rates of optimal medical
therapy, we found that a minority of patients had a diagnosis of
gout at the time of catheterization (8.2%), but those with gout
were more likely to have other cardiovascular comorbidities.
Over a median follow-up of 6.4 years, a diagnosis of gout at the
time of catheterization was not associated with the primary
composite outcome of cardiovascular death, Ml, or stroke after
adjustment. Nevertheless, baseline gout was significantly
associated with a higher rate of all-cause mortality and related
to cardiac and noncardiac causes of death. Furthermore, when
including new gout diagnosis postbaseline in the analysis as a
time-dependent covariate, we found that instantaneous risks of
all 3 outcomes (primary composite, cardiovascular death, and
all-cause mortality) were significantly associated with gout
diagnosis. In particular, postbaseline gout diagnosis was
associated with a >2-fold increase in risk of heart failure
death. Overall, these data suggest that, despite aggressive
medical therapy, a clinical history of gout is associated with
worse long-term cardiovascular clinical outcomes and all-
cause mortality in patients with CAD.

These findings are in line with some prior literature on this
topic. Several studies have previously demonstrated an
increased risk of CVD death associated with gout,®’ and a
meta-analysis of 6 studies revealed a 29% increase in CVD
mortality (95% Cl, 1.14—1.44).° However, these analyses
examined individuals without known CAD. A single prior
analysis focused on patients with gout and known baseline
coronary heart disease participating in a rigorous clinical
registry. In that study of >50 000 male participants in the
Health Professionals Follow-Up Study (1986-1998), there
was a 26% increased risk (95% Cl, 1.07—1.50) of CVD death
compared with those without gout.”

Our study adds to this prior literature. We examined long-
term outcomes among a contemporary population of both men
and women treated in clinical practice. We also focused on
patients with baseline obstructive CAD to assess the impact of
gout on cardiovascular outcomes in this higher-risk population.
More important, our patient population was relatively well
treated for CVD with guideline-recommended medications for
CVD, including aspirin, statin therapy, and [ blockers. This
suggests that the cardiovascular risk associated with gout may
not be fully treated with traditional medical therapies, although

whether better control of gout itself improves cardiovascular
outcomes is uncertain. Our data also support aggressive
treatment of comorbid conditions, such as hypertension and
diabetes mellitus, among patients with gout and CAD, as well
other secondary prevention efforts, such as smoking cessation,
in this population.

We further explored mechanisms of death in our study
population. Overall, relatively few deaths were categorized as
fatal MI, sudden cardiac death, or heart failure death, and most
cardiovascular deaths were classified as “other cardiac death.”
This finding likely reflects DDCD conventions in event adjudi-
cation: although there may have been sufficient evidence for
treating providers to determine a cardiac cause of death, if the
death certificate listed a specific type of cardiac death (eg, MI,
heart failure, or arrhythmia), but was provided without support-
ing hospital records, DDCD registrars would classify the event as
other cardiac death. Consequently, our findings demonstrate
independent relationships between baseline and postbaseline
gout with cardiovascular mortality. Furthermore, we found that
postbaseline gout was strongly associated with heart failure
death. This is consistent with prior literature on the topic.'® For
example, in the Framingham Offspring Study, individuals with
gout were significantly more likely to develop clinical heart
failure and have higher mortality than those without gout."

Possible mechanisms accounting for residual risk
associated with gout include oxidative stress'?> and
inflammation.'®'® Oxidative stress is generated by xanthine
oxidase, an enzyme that catalyzes the formation of urate.'®
Allopurinol, a xanthine oxidase inhibitor, has been shown to
improve oxidative stress and endothelial dysfunction in
patients with stable CAD.'”"'® Considerable observational
data suggest that allopurinol is associated with cardiovascular
benefit.''%2% Yet, febuxostat, a more potent xanthine
oxidase inhibitor and hypouricemic agent, has recently been
shown in a randomized clinical trial to lead to increased
cardiovascular and all-cause mortality compared with
allopurinol.?" The ongoing ALL-HEART (Allopurinol and Car-
diovascular Outcomes in Patients With Ischemic Heart
Disease) randomized trial will assess whether patients with
ischemic heart disease derive cardiovascular benefit from
allopurinol therapy versus standard of care.??

Inflammation may also provide a link between gout and
CVDs. Gout is characterized by short-term periods of clinically
apparent inflammation, separated by periods of subclinical
inflammation.>?* Low-grade inflammation also has a major
role in the development of CVDs, and elevated levels of C-
reactive protein and interleukin-6 have been found to be
associated with increased cardiovascular risk.?* Recently,
canakinumab, an anti-inflammatory agent, was found to
confer cardiovascular benefit among individuals with prior
MI and elevated C-reactive protein.?®> Whether individuals with
gout would derive cardiovascular benefit from this therapy
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remains to be seen. In addition, the effect of colchicine, a
relatively inexpensive anti-inflammatory agent, on cardiovas-
cular events in patients after acute MI is currently being
evaluated in the COLCOT (Colchicine Cardiovascular Out-
comes Trial; URL: http://www.clinicaltrials.gov. Unique iden-
tifier: 02551094); results are anticipated in 2019.%¢

Limitations

Our results should be interpreted in the context of several
caveats. First, our database only included individuals who
underwent cardiac catheterization and who were found to
have obstructive CAD, so these results cannot be generalized
to patients without catheterization or those with nonobstruc-
tive CAD. Second, these data are reflective of a single
academic health center. However, the large sample size and
long duration of follow-up increase the likelihood that our
findings are not because of chance. Third, our definition of
gout was based on clinical diagnoses and medication
information ascertained from electronic medical records.
Previous studies suggest that such algorithms may have
limited accuracy compared with how such patients would be
prospectively diagnosed by a rheumatologist following estab-
lished criteria.?’*® Fourth, we performed a retrospective
analysis in which we adjusted for multiple potential con-
founding variables, yet our results could be limited by residual
confounding. In particular, use of medications may be
underestimated because of limitations inherent in extracting
such data from electronic medical record sources. Fifth, we
only accounted for clinical factors and medication use at the
time of index catheterization; our analysis did not account for
changes in clinical risk factors or medication use that might
potentially confound the associations seen with incident gout
diagnosis during the study follow-up. Sixth, we did not have
access to data on over-the-counter medications, such as
nonsteroidal anti-inflammatory medications, or on medica-
tions prescribed by other institutions; therefore, we were
unable to assess the effect of gout medication on the
relationship between baseline gout and clinical outcomes.
Finally, our database had limited data on serum uric acid, so
we were unable to assess the impact that uric acid has on the
relationship between gout and cardiovascular outcomes.

Summary

A clinical history of gout, at either the time of catheterization
or any point thereafter, is associated with worse long-term
cardiovascular outcomes in a contemporary population of
patients with obstructive CAD. This increased risk exists
despite relatively high levels of optimal medical therapy,
raising the possibility of residual risk beyond what can be
addressed with standard medical therapy for CVD. Whether

targeted anti-inflammatory therapy or better control of gout
can improve cardiovascular outcomes could be topics of
future investigation.
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Table S1. Association between Gout at Baseline and Cause-specific Mortality.

15 year Cumulative

Incidence (unadjusted)

N with Event (%)

Unadjusted

Adjusted”

Endpoint No Gout  Gout History HR (95% CI) p-value HR (95% CI) p-value
History
Fatal MI 239 (1.6) 31(24) 157(1.08,2.29) 0.018 1.00(0.67,1.50) 0.994
Sudden cardiac death 356 (3.2) 31 (2.9) 1.22(0.85,1.77) 0.282 0.89(0.61,1.31) 0.563
Heart failure death 126 (1.0) 19(1.7)  1.99(1.23,3.23) 0.005 1.03(0.61,1.73) 0.9184
Cardiac procedure death 127 (0.8) 14 (1.1) 1.30 (0.75,2.26) 0.350 0.990 (0.56,1.76) 0.973
Other cardiac death 1913 (17.8) 251 (26.2) 1.87(1.64,2.13) <.001 1.23(1.07,1.42) 0.003
Non-cardiac death 3651 (33.7) 362(40.2) 1.43(1.29,159) <.001 1.14(1.02,1.28) 0.021
Unknown cause of death 406 (3.9) 38 (4.9) 1.31(0.94,1.83) 0.111 0.92(0.65,1.30) 0.639

CV indicates cardiovascular; MI, myocardial infarction

“Adjusted for age, sex, race, prior medical history (including prior MI, coronary artery bypass grafting, congestive

heart failure, congestive heart failure severity class, cerebrovascular disease, peripheral vascular disease, diabetes,



carotid bruits, history of chronic obstructive pulmonary disease, body mass index, congestive heart failure severity
class [<2 weeks pre-cath], history of smoking, ventricular gallup, history of renal disease, baseline estimated
glomerular filtration rate [Chronic Kidney Disease Epidemiology Collaboration], any valvular heart disease,
hypertension, systolic blood pressure, year of index cath, history of liver disease, number of diseased vessels, left
main stenosis >50%, acute coronary syndrome status, baseline use of aspirin, angiotensin-converting enzyme

inhibitor/angiotensin receptor blocker, or statin therapy).



Table S2. Association between Gout at Baseline OR during Follow-up and Cause-specific Mortality.

Endpoint

Unadjusted

HR (95% CI)

Unadjusted

p-value

Adjusted”

HR (95% CI)

Adjusted”

p-value

Fatal Ml

Sudden cardiac death
Heart failure death
Cardiac procedure death
Other cardiac death
Non-cardiac death

Unknown cause of death

1.46 (1.01,2.10)
1.45 (1.09,1.95)
3.86 (2.69,5.54)
1.37 (0.81,2.30)
1.86 (1.66,2.08)

1.53 (1.40,1.67)

1.514 (1.174,1.954)

0.042

0.012

<.001

0.240

<.001

<.001

0.001

0.93 (0.631,1.38)

1.10 (0.81,1.50)
2.42 (1.64,3.57)
1.07 (0.62,1.84)
1.25 (1.11,1.41)
1.21 (1.10,1.33)

1.03 (0.77,1.36)

0.726

0.547

<.001

0.810

<.001

<.001

0.865

CV indicates cardiovascular; MI, myocardial infarction

“Adjusted for age, sex, race, prior medical history (including prior MI, coronary artery bypass grafting,

congestive heart failure, congestive heart failure severity class, cerebrovascular disease, peripheral vascular

disease, diabetes, carotid bruits, history of chronic obstructive pulmonary disease, body mass index,

congestive heart failure severity class [<2 weeks pre-cath], history of smoking, ventricular gallup, history of

renal disease, baseline estimated glomerular filtration rate [Chronic Kidney Disease Epidemiology



Collaboration], any valvular heart disease, hypertension, systolic blood pressure, year of index cath, history
of liver disease, number of diseased vessels, left main stenosis >50%, acute coronary syndrome status,
baseline use of aspirin, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, or statin

therapy).



Figure S1. Cumulative Incidence Curves for CV death by Baseline Gout Status.
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Figure S2. Cumulative Incidence Curves for All-cause Mortality by Baseline Gout Status.
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