CLINICAL RESEARCH STUDY
THE AMERICAN

JOURNAL of
MEDICINE @

Gout and Progression of Aortic Stenosis ()

Andrew Adelsheimer, MD,? Binita Shah, MD, MS,” Alana Choy-Shan, MD," Craig T. Tenner, MD,¢ Jeffrey D. Lorin, MD,"
Nathaniel R. Smilowitz, MD, MS,” V. Courtney Pike, BA," Michael H. Pillinger, MD," Robert Donnino, MD"

“Department of Medicine, Weill Cornell Medical Center; New York, NY; *Department of Medicine, Division of Cardiology, VA New York
Harbor Health Care System and NYU School of Medicine, New York, NY; “Department of Medicine, VA New York Harbor Health Care
System and NYU School of Medicine, New York, NY; “Department of Medicine, Division of Rheumatology, VA New York Harbor Health
Care System and NYU School of Medicine, New York, NY.

ABSTRACT

BACKGROUND: Patients with aortic stenosis are nearly twice as likely to have a diagnosis of gout compared
with individuals without aortic valve disease.

METHODS: This retrospective study evaluated consecutive adults age >65 years with aortic stenosis
between December 2012 and November 2016 who underwent at least 2 transthoracic echocardiograms
(TTEs) separated by at least 1 year. Severe aortic stenosis was defined as any combination of an aortic
valve peak velocity >4.0 m/sec, mean gradient >40 mm Hg, aortic valve area <1 cm?, or decrease in left
ventricular ejection fraction as a result of aortic stenosis.

RESULTS: Of the 699 study patients, gout was present in 73 patients (10%) and not found in 626 patients
(90%). Median follow-up was 903 days [552-1302] for patients with gout and 915 days [601-1303] for
patients without gout (P = 0.60). The presence of severe aortic stenosis on follow-up transthoracic echo-
cardiogram was more frequent in patients with gout compared to those without gout (74% vs 54%,
P =0.001; hazard ratio [HR] 1.45 [1.09-1.93]), even among the 502 patients without severe aortic stenosis
at baseline (63% vs 39%, P = 0.003; hazard ratio 1.43 [1.07-1.91]). Gout remained associated with the devel-
opment of severe aortic stenosis after multivariable adjustment (adjusted hazard ratio [aHR] 1.46 [1.03-2.08],
P =0.03). The annualized reduction in aortic valve area was numerically greater in the group with gout com-
pared with the group without gout (—0.10 cmz/y [—0.18, —0.03] vs —0.08 cm2/y [—0.16, —0.01], P = 0.09);
annualized change in peak velocity and mean gradient did not differ between groups.

CONCLUSIONS: Progression to severe aortic stenosis was more frequent in patients with gout compared
with those without gout, supporting the hypothesis that gout is a risk factor for aortic stenosis.

Published by Elsevier Inc. ®* The American Journal of Medicine (2020) 133:1095—1100
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INTRODUCTION

Calcific aortic stenosis is the most common form of valve
disease in the Western world, with the population-based
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underlying mechanisms associated with gout and cardiovas-
cular disease include systemic inflammation, accumulation
of reactive oxygen species, and loss of vasoactive media-
tors.”” A previous study by our group demonstrated that
patients with aortic stenosis were nearly twice as likely to
have a diagnosis of gout compared with individuals without
aortic valve disease.” The objective of the current study
was to evaluate the association

excluded. A diagram illustrating the study flow is shown in
Figure 1.

Endpoints

Severe aortic stenosis was defined as 1 or more of the fol-

lowing: aortic valve peak velocity >4.0 m/sec, mean gradi-
ent >40 mm Hg, aortic valve area
<1 cmz, or decrease in LVEF as a

between gout and the progression CLINICAL SIGNIFICANCE result of aortic stenosis. Annualized

of aortic stenosis over time.

e Patients with aortic stenosis are nearly
twice as likely to have a diagnosis of
gout compared with individuals with-
out aortic valve disease.

This is a single-center, retrospec- ® Patients with gout are more likely to

develop severe aortic stenosis on fol-

low-up than patients without gout.

School of Medicine Institutional e Gout is associated with the develop-
ment of severe aortic stenosis even
after multivariable adjustment.

e Patients with gout have a tendency to
progress more quickly to severe aortic
stenosis than patients without gout.

METHODS
Study Design

tive, cohort observational study.
The New York University (NYU)

Review Board granted a waiver of

consent and provided regulatory
approval of the study.

Study Population

changes in aortic valve peak veloc-
ity, aortic valve mean gradient, and
aortic valve area were calculated as:
[(Follow-up aortic valve parameter)
— (Index aortic valve parameter)/
(Years between Index and Follow-
up TTE)].

Statistical Analyses

Continuous variables are shown as
median [inter-quartile range] and
were compared between the gout
and no gout groups using the non-
parametric Mann-Whitney test. Cat-

We retrospectively examined 1510
consecutive adults age >65 years
who received care at NYU Langone Health between
December 2012 and November 2016, had a diagnosis of
aortic stenosis of any severity, and underwent at least 2
transthoracic echocardiograms (TTEs) separated by at least
1 year. A diagnosis of gout was identified according to the
International Classifications of Disease-Ninth Revision
(ICD-9) or the International Classifications of Disease-10th
Revision (ICD-10) diagnosis codes (n = 106). Electronic
medical records of patients with documented use of colchi-
cine or urate-lowering therapy (ULT; allopurinol or febuxo-
stat) but without a coded diagnosis of gout were reviewed to
ensure accurate assignment by disease status (n = 104).
Patients on colchicine or ULT for indications other than
gout (eg, pericarditis, familial Mediterranean fever, asymp-
tomatic hyperuricemia) were classified as not having gout.
Patients were excluded from the analysis if there was an
aortic valve prosthesis present at the time of the index TTE
or the first eligible echocardiographic follow-up, or if the
left ventricular ejection fraction (LVEF) was <50% on the
index TTE. If LVEF was <50% on follow-up TTE, 3
board-certified cardiologists, blinded to the diagnosis of
gout, adjudicated whether the decreased LVEF was attribut-
able to hemodynamically significant aortic stenosis;
patients with decreased LVEF not attributable to hemody-
namically significant aortic stenosis were excluded from
further analysis. Patients without aortic stenosis (cases of
aortic valve thickening only, primary aortic insufficiency,
or aortic valve peak velocity of <1.8 m/sec) and patients
with concomitant dynamic left ventricular outflow tract
obstruction were also excluded. Finally, patients with insuf-
ficient data or unavailable echocardiographic images were

egorical variables are shown as
proportions and compared between
the gout and no gout groups using Fisher exact test. Cox
regression was performed to determine the association
between gout and severe aortic stenosis on follow-up TTE
in unadjusted models and after adjustment for the presence
of aortic stenosis at the time of the index TTE, age, sex,
body surface area, and clinical covariates that significantly
differed between the 2 groups. Results of Cox regression
analyses are presented as hazard ratios (HRs) with 95%
confidence intervals. A sensitivity analysis was also per-
formed to evaluate changes in aortic valve parameters after
excluding patients who developed newly decreased LVEF
attributed to the progression of aortic stenosis at follow-up
TTE. Significance level was set at a 2-sided alpha level of
0.05.

RESULTS

Baseline Characteristics
Of the 699 patients who met study criteria, 73 patients
(10%) had gout and 626 patients (90%) did not have gout.
Patients with gout were more likely to be of male sex, have
a larger body surface area, and have hypertension compared
to patients without gout. Colchicine and at least 1 type of
ULT were prescribed to 43% and 64% of gout patients,
respectively. Patients with gout had lower glomerular filtra-
tion rates when compared to patients without gout. Baseline
characteristics of the study population are shown in Table 1.
On index TTE, the presence of severe aortic stenosis,
defined as an aortic valve peak velocity >4.0 m/sec, mean
gradient >40 mm Hg, or aortic valve area <1 cm?, did not
differ between groups. Aortic valve peak velocity, aortic
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Participants who met inclusion and exclusion
criteria on initial DataCoresearch (n=1510)

171 (11%) with gout

Exclusions:

* 47 (27%) without two TTEs at least 1 year
apart prior to aortic valve replacement

*  16(9%) EF <50% on index TTE

* 5 (3%) EF <50% on follow-up TTE (adjudicated
as not due to aortic stenosis)

= 23(13%) with no aortic stenosis (aortic valve
thickening, aortic insufficiency, or aortic
valve Vmax <1.8 on follow-up TTE)

*  5(3%) with left ventricular outflow tract
obstruction

+  2(1%) with insufficient data and unavailable
TTE images

73 (10%) with gout

Figure 1 Study population.
TTE = transthoracic echocardiogram.

valve mean gradient, and aortic valve area also did not dif-
fer among patients with and without gout. (Table 1)

Aortic Valve Endpoints on Follow-Up TTE

Median follow-up was 903 days [552-1302] for patients
with gout and 915 days [601-1303] for patients without
gout (P =0.60).

The presence of severe aortic stenosis on subsequent
TTE was significantly more frequent in patients with gout
compared with those without gout (74% vs 54%, P = 0.001;
Figure 2A). Among patients without severe aortic stenosis
at baseline (n = 46 gout, n = 456 no gout), the proportion of
patients who progressed to severe aortic stenosis was
also significantly greater in the group with gout compared
with the group without gout (63% vs 39%, P = 0.003;
Figure 2B). Gout was associated with the presence of severe
aortic stenosis on follow-up TTE in unadjusted analyses
(HR 1.45 [1.09-1.93], P = 0.01), after adjustment for the
presence of severe aortic stenosis on index TTE (HR 1.43
[1.07-1.91], P = 0.02), and after additional adjustment for
age, sex, body surface area, hypertension, and glomerular
filtration rate (HR 1.46 [1.03-2.08], P = 0.03). (Table 2)

The annualized change in aortic valve peak velocity and
mean gradient did not differ between patients with and with-
out gout; however, the annualized reduction in aortic valve
area was numerically greater in patients with gout compared
to those without a diagnosis of gout (Figure 3A-C). Among
patients without severe aortic stenosis at baseline (n = 46
gout, n = 456 no gout), the annualized change in peak

1339 (89%) without gout

Exclusions:

*  370(28%) without two TTEs at least 1 year
apart prior to aortic valve replacement

* 66 (5%) EF <50% on index TTE

*  8(0.6%) EF <50% on follow-up TTE
(adjudicated as not due to aortic stenosis)

+ 190 (14%) with no aortic stenosis (aortic
wvalve thickening, aortic insufficiency, or
aortic valve Vmayx <1.8 on follow-up TTE)

= 37(3%) with left ventricular outflow tract
obstruction

= 18 (1%) with insufficient data and
unavailable TTE images

= 24 (2%) with aortic valve Vmax <1.8on
index TTE

626 (90%) without gout

velocity, mean gradient, and calculated valve area did not
differ between the group with gout and the group without
gout (Supplemental Table 1, available online).

Among patients with gout, 3 had a subsequent decrease
in LVEF as a result of the progression of aortic stenosis,
and 4 patients without gout had a subsequent decrease in
LVEF as a result of aortic stenosis (4.1% vs 0.6%,
P = 0.03). After excluding these 7 patients, gout remained
associated with the presence of severe aortic stenosis on fol-
low-up TTE in unadjusted analysis (HR 1.43 [1.06-1.92],
P =0.02) and after adjustment for presence of severe aortic
stenosis on index TTE, age, sex, body surface area, hyper-
tension, and glomerular filtration rate (HR 1.46 [1.02-2.09],
P =0.04).

DISCUSSION

To our knowledge, this is the first study to evaluate the pro-
gression over time of aortic stenosis in patients with gout
compared with those without gout. First, we demonstrate
that patients with gout were significantly more likely to
have severe aortic stenosis on follow-up when compared
with patients without gout. Second, among patients who did
not have severe aortic stenosis on the index TTE, those
with gout were more likely to progress over time to severe
aortic stenosis than patients without gout. Third, patients
with gout did not demonstrate a significantly more rapid
progression of aortic stenosis by gradients or peak veloci-
ties when compared to patients without gout. However,
there was a trend toward a more rapid decline over time in
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Table 1 Baseline Characteristics

Gout No Gout P Value
(n=73) (n=626)
Demographics
Age at index TTE, years 82 [76-86] 80 [74-86] 0.38
Male sex, % 50 (69%) 289 (46%) <0.001
Ever smoker, % 36 (49%) 296 (47%) 0.81
White race, % 63 (86%) 570 (91%) 0.20
Hispanic ethnicity, % 2 (3.1%) 19 (3.8%) 0.99
Body mass index, kg/m? 28.3 [24.9-32.3] 27.1[24.1-30.7] 0.054
Body surface area, m? 1.88 [1.73-2.02] 1.80 [1.65-1.94] 0.003
Medical History, %
Hypertension 68 (93%) 514 (82%) 0.01
Hyperlipidemia 60 (82%) 446 (71%) 0.053
Diabetes 24 (33%) 191 (31%) 0.69
Coronary artery disease 42 (58%) 287 (46%) 0.06
Congestive heart failure 17 (23%) 113 (18%) 0.27
Peripheral vascular disease 7 (10%) 43 (7%) 0.35
Cancer 24 (33%) 197 (32%) 0.79
Osteoarthritis 23 (32%) 180 (29%) 0.68
Medications, %
Colchicine 31 (43%) 6 (1%) <0.001
Allopurinol 46 (63%) 12 (2%) <0.001
Febuxostat 6 (8.2%) 3 (0.5%) <0.001
Aspirin 45 (62%) 419 (67%) 0.36
Statin 48 (66%) 345 (55%) 0.11
Loop diuretic 50 (69%) 367 (59%) 0.13
Thiazide diuretic 21 (29%) 173 (28%) 0.89
Calcium channel blocker 48 (66%) 348 (56%) 0.11
Nonsteroidal anti-inflammatory drugs 17 (23%) 136 (22%) 0.77
Laboratory Data
Glomerular filtration rate, mL/min 49 [36-65] 64 [49-80] <0.001
Neutrophil/lymphocyte ratio 3.2 [2.3-5.9] 2.9 [2.0-4.3] 0.12
Index TTE
Left ventricular ejection fraction, % 65 [60-70] 65 [60-70] 0.25
Aortic valve peak velocity, m/sec 2.8 [2.6-3.5] 2.8 [2.4-3.3] 0.14
Aortic valve mean gradient, mm Hg 17 [13-29] 17 [12-25] 0.42
Aortic valve area, cm? 1.1[1.0-1.4] 1.2 [1.0-1.5] 0.24
Severe aortic stenosis® 27 (37%) 170 (27%) 0.07

AVA = aortic valve area; LVOT = left ventricular outflow tract; TTE = transthoracic echocardiogram.

Continuous variables are shown as median [interquartile range] and compared between the gout and no gout groups using Mann-Whitney tests. Categor-

ical variables are shown as frequency (proportion) and compared between the gout and no gout groups using Fisher exact test.
aDefined as AVA <1.0 cm?, aortic valve peak velocity >4.0 m?, or aortic valve mean gradient >40 mm Hg.

aortic valve area in patients with gout compared with those
without gout.

Although the proportion of patients with a binary defini-
tion of severe aortic stenosis differed between groups at fol-
low up, the change in individual aortic valve parameters
over time did not differ significantly by gout status. One
potential explanation for this seemingly contradictory find-
ing could be baseline differences in valve severity by gout
status. A more likely explanation is in the limited sensitivity
of any individual aortic valve parameter alone to diagnose
aortic stenosis, compared to the traditional integration of
multiple aortic valve parameters to establish a diagnosis of
aortic stenosis. Although we did not observe differences in
the progression of individual parameters on an annualized
basis between the 2 groups, there was a trend toward greater

reductions in calculated aortic valve area among patients
with gout compared with those without gout. Whether sig-
nificant differences would have been observed in a larger
cohort or over a longer observation period remains a matter
of speculation. It is also unknown whether progression of
aortic stenosis over time is linear. It is possible that once
severe aortic stenosis develops, further acceleration of indi-
vidual aortic valve parameters may be non-linear and may
vary substantially between individuals.

The pathophysiologic relationship between aortic stenosis
and gout is not yet defined. The initial pathologic insult in
aortic stenosis appears to be similar to that of atherosclerosis,
with valvular and endothelial injury, lipid deposition, subse-
quent inflammation, and calcification. Gout results in hyper-
uricemia that leads to the deposition of monosodium urate
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Figure 2 (A) Presence of severe aortic stenosis on index and subsequent transthoracic
echocardiogram (TTE) in patients with and without gout. (B) Proportion of patients without
severe aortic stenosis on the index TTE who had progression to severe aortic stenosis on
subsequent TTE.
Table 2 Association Between Gout and the Presence of Severe Aortic Stenosis on Follow-Up Transthoracic Echocardiogram
Hazard Ratio 95% Confidence Interval P Value
Unadjusted 1.45 1.09-1.93 0.01
Adjusted for the presence of severe aortic stenosis on index TTE 1.43 1.07-1.91 0.02
Adjusted for the presence of severe aortic stenosis on index TTE, age, sex, 1.46 1.03-2.08 0.03
body surface area, hypertension, and glomerular filtration rate
TTE = transthoracic echocardiogram.
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Figure 3 Annualized change in (A) aortic valve peak velocity, (B) aortic valve mean gradient, and (C) aortic valve between
patients with and without gout.
Data shown as median [interquartile range] and compared using Mann-Whitney test.
crystals throughout tissues. Hyperuricemia may also contrib- atherosclerosis and calcification.'"'> Another study by Demir

ute to chronic inflammation, accumulation of reactive oxygen
species, and loss of vasoactive mediators, particularly nitric
oxide, all of which have been shown to promote endothelial
dysfunction and vascular remodeling.” These effects can ulti-
mately lead to accelerated atherosclerosis as well as calcifica-
tion."” A hyperuricemic mouse model induced by a high-
adenine diet has been shown to accelerate aortic calcification,
and serum urate concentration predicts progression of

et al showed a positive correlation between serum urate con-
centrations and severity of aortic stenosis.'” Although a clear
mechanism by which hyperuricemia in the setting of gout
may contribute to valvular calcification and progression of
aortic stenosis remains to be elucidated, a study by Klausser
et al demonstrated a higher frequency of monosodium urate
deposits by dual-energy computed tomography among
patients with gout compared with controls.'*
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This study demonstrates the tendency for patients with
gout and aortic stenosis to progress more quickly to severe
aortic stenosis than patients without gout. This analysis
builds on a previous retrospective case-control study from
our research group that reported that patients with aortic
stenosis are almost twice as likely to have a diagnosis of
gout compared with controls (21.4% vs 12.5%).° In that
study, a diagnosis of gout preceded that of aortic stenosis
by a mean of 5.8 &+ 1.6 years, suggesting a possible tempo-
ral relationship. The current study adds to these initial data,
suggesting a trend toward faster progression to severe aortic
stenosis in patients with compared with those without gout.
Still, further studies with greater power are needed.

This study has several limitations. First, the retrospective
review did not mandate regular follow-up intervals and
patient data from outside the institutional electronic medi-
cal record system were not captured. Second, based on the
relatively small cohort with gout, the study may be under-
powered to identify differences in individual aortic valve
parameters. Third, data on inflammatory markers such as
C-reactive protein and serum urate levels were not mea-
sured in a large proportion of the study cohort and, there-
fore, not included here. Finally, echocardiographic images
were not reviewed systematically by a core laboratory.
Nonetheless, this is the first study to demonstrate a faster
progression to severe aortic stenosis in the group with gout
compared with the group without gout and further supports
the hypothesis that gout is a risk factor for aortic stenosis.
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Supplemental Table 1 Annualized Change in Individual Aortic Valve Measures in Patients Without Severe Aortic Stenosis at Baseline

Gout (n = 46) No Gout (n = 456) P Value
Annualized change in aortic valve peak velocity, m/sec/y 0.22 [0.09-0.40] 0.19 [0.06-0.33] 0.30
Annualized change in aortic valve mean gradient, mm Hg/y 3.0 [1.3-5.5] 2.2 [0.7-4.8] 0.12
Annualized change in aortic valve area, cm?/y —0.10 [—0.19, —0.04] 0.10[—0.19, —0.02] 0.54

Data shown as median [interquartile range] and compared using Mann-Whitney test.
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