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Study Objectives: To assess whether gout is associated with a higher risk of obstructive sleep apnea (OSA) in older adults.

Methods: We used the 5% United States Medicare beneficiary sample from 20062012 to assess whether gout was independently associated with new
diagnosis of OSA in adults 65 years or older, adjusting for demographics, medical comorbidity (Charlson-Romano index) and hypertension, hyperlipidemia
and coronary artery disease, and the use of medications for cardiovascular diseases or gout (allopurinol, febuxostat).

Results: Based on 10,448,472 person-years of follow-up in a cohort of 1.74 million adults 65 years or older, the crude incidence rates of OSA were 14.3
per 1,000 person-years in people with gout and 3.9 per 1,000 person-years in people without gout. In multivariable-adjusted analyses, gout was associated
with higher risk of a new diagnosis of OSA during the follow-up, hazard ratio was 2.07 (95% confidence interval [CI] 2.00, 2.15). In sensitivity analyses that
substituted continuous Charlson-Romano score with a categorical variable or individual Charlson-Romano comorbidities plus hypertension, hyperlipidemia
and coronary artery disease, the main finding was confirmed, hazard ratios were 2.11 (95% Cl 2.03, 2.18) and 1.79 (95% CI 1.73, 1.85).

Conclusions: The independent association of gout with a twofold higher risk of OSA in older adults indicates that common mechanisms may be shared by
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the two conditions. More studies are needed to investigate these mechanisms further.
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BRIEF SUMMARY

underpinnings of this association.

Current Knowledge/Study Rationale: Both gout and obstructive sleep apnea (OSA) are associated with cardiovascular disease and the metabolic
syndrome. Emerging data indicate that inflammation and/or oxidative stress may play a role in the pathogenesis of OSA. We investigated whether gout
was associated with an increase in the risk of new/incident OSA in adults 65 years or older.

Study Impact: Gout was independently associated with a twofold higher risk of the development of OSA, after adjusting for demographics,
comorbidity, and common cardiovascular and gout medications. This indicates that when it coexists with other OSA risk factors, a diagnosis of

gout may trigger screening for OSA. Future studies should attempt to replicate this finding for this patient population and elucidate the mechanistic

INTRODUCTION

Obstructive sleep apnea (OSA) is a common disorder caused
by a partial or complete collapse of the upper airway due to
the relaxation of the muscles controlling the soft palate and
tongue.! At least 25 million Americans have OSA.> OSA af-
fects the cardiovascular system.> OSA is associated with an
increased risk of coronary artery disease and heart failure*
and stroke® in the elderly, in addition to its well-known as-
sociation with hypertension.®” The annual economic burden
of undiagnosed sleep apnea among United States adults is
approximately $150 billion.® OSA is also associated with re-
duced health-related quality of life.” Thus, OSA constitutes a
major public health burden.

Despite the advances in the knowledge related to OSA,
most patients affected with OSA remain undiagnosed,'®!" a
major barrier to optimal patient care.”” A delayed diagnosis
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and treatment can contribute to significant medical morbidity
and increased health care-related costs.”® Continuous positive
airway pressure (CPAP) is an effective treatment of OSA that
improves OSA outcomes and reduces associated morbidity.'*!s
Although causal associations need to be investigated for OSA
in basic and translational studies, new knowledge from epide-
miological studies that can identify risk associations can also
be very helpful. Recognition of common diseases as novel po-
tential risk factors/associations can trigger screening for and
early and appropriate diagnosis of OSA, which can reduce
morbidity and mortality associated with undiagnosed OSA, at
least in these disease cohorts.

Gout, the most common inflammatory arthritis that affects
8.3 million Americans, is characterized by chronic inflamma-
tion and oxidative stress.'® A recent study found that sleep ap-
nea was associated with 1.5 to 1.7 times higher odds of gout."”
Gout and sleep apnea are both associated with the metabolic
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syndrome, obesity, and associated cardiovascular comorbidi-
ties."®!” The comorbid disease burden and/or associated chronic
inflammation and oxidative stress in gout could be a risk fac-
tor for the development of OSA. Our study objective was to
assess whether a common arthritis such as gout was indepen-
dently associated with an increased risk of the development
of incident (new) sleep apnea, above and beyond that associ-
ated with comorbidity including cardiovascular conditions. If
an association were to be detected, a diagnosis of gout would
raise the clinical suspicion of OSA in patients who also have
other OSA risk factors, which can then lead to appropriate and
timely OSA diagnosis.

METHODS

Data Source and Study Population

We used data from the 20062012 5% Medicare claims data,
obtained from the Centers for Medicare and Medicaid Ser-
vices (CMS). People were included in the study, if they were
Medicare fee-for-service recipients (Part A, B), not currently
enrolled in a Medicare Managed plan (Part C), and had a valid
current United States mailing address. The 5% random-sample
file is a standard Medicare analytic file available from the CMS
data warehouse that is commonly used to address epidemio-
logical and outcomes questions.?*? The recommendation for
studies based on analysis of claims data is to exclude Part C
claims because CMS generally does not receive claims data for
Medicare beneficiaries who enroll in Medicare Part C plans.?
The Institutional Review Board at the University of Alabama
at Birmingham approved the study.

Variables of Interest, Outcome, Covariates, and
Statistical Analyses

The diagnosis of gout was based on two claims at least 4 weeks
apart during the study period 2006—2012, with an International
Classification of Diseases, Ninth Revision, Common Modifica-
tion (ICD-9-CM) code 274.xx, a validated approach with sen-
sitivity of 90% and specificity of 100%.%*

A new diagnosis of OSA was our outcome of interest and
was based on the occurrence of two or more ICD-9-CM codes
of 327.23 more than 4 weeks apart, which could only be after
someone met the definition for a diagnosis of gout. This ap-
proach for administrative data had a positive predictive value
of 75%, though specificity was 68% and sensitivity was 24%.%
Patients who had any claim for OSA in 2005 were considered
to have baseline OSA and were excluded from the cohort.

We included potential confounders as covariates and ad-
justed for them in the analyses. Patient demographics, age, sex,
and race were included, and data were obtained from the Medi-
care denominator file and the beneficiary summary file. The
2005 claims data were used to identify preexisting comorbidi-
ties and calculate the baseline Charlson-Romano comorbidity
score. Part D files were used to assess for medication use for
cardiovascular disease, including statins, beta blockers, diuret-
ics, and angiotensin-converting enzyme inhibitors, and gout
(allopurinol, febuxostat) as time-varying covariates, as surro-
gates of disease and/or disease severity.
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We calculated the crude incidence rates for OSA occurrence
in patients with versus without gout at baseline. Characteris-
tics of people with versus without OSA were compared using ¢
test or chi-square test, as appropriate. A multivariable-adjusted
Cox proportional hazard model assessed whether gout at base-
line was associated with a new diagnosis of OSA during the
follow-up, while adjusting for demographics, comorbidity, and
common medications (model 1). Sensitivity analyses treated
Charlson-Romano index in categories (model 2) or as individ-
ual comorbidities, and also adjusted for hypertension, hyper-
lipidemia, and coronary artery disease (model 3).

RESULTS

Demographic and Clinical Characteristics

The study cohort consisted of 1.73 million people, of whom
1.64 million had a gout diagnosis and 0.09 million did not
(Appendix 1 in the supplemental material). Compared to peo-
ple without OSA, people with OSA were younger by 3 years,
more likely to be male, White, and had higher medical comor-
bidity (Table 1). Compared to those without OSA, people with
OSA were twice as likely to have myocardial infarction, heart
failure, or peripheral vascular disease (Table 1). The mean
(standard deviation) time from the diagnosis of gout to the new
OSA diagnosis was 2.4 (1.7) years; and the median time was
2.1 years (interquartile range, 0.9 to 3.6 years).

Based on 10,448,472 person-years of follow-up, the crude
incidence rates of a new diagnosis of OSA was 14.3 per 1,000
person-years in those with no gout, 3.9 per 1,000 person-years
in people without gout. Characteristics of individuals in whom
incident OSA by gout status is developing or not developing is
shown in Appendix 1.

Multivariable-Adjusted Analysis

After adjusting for demographics, comorbidity, and common
cardiovascular and gout medications, gout was associated with
a new diagnosis of OSA during the follow-up period with a
hazard ratio of 2.07 (95% confidence interval [CI] 2.00, 2.15)
(Table 2). In sensitivity analyses that substituted continuous
Charlson-Romano score with a categorical variable or indi-
vidual Charlson-Romano comorbidities (and also adjusted for
hypertension, hyperlipidemia, and coronary artery disease),
the findings from the main regression model were confirmed,
respective hazard ratios were 2.11 (95% CI 2.03, 2.18) and 1.79
(95% CI 1.73, 1.85) (Table 2).

In subgroup analyses by age, sex, and race, we noted minor
differences in hazard ratios, although interactions were sig-
nificant for age x gout and sex x gout (Table 3). No significant
differences in association of gout with OSA were noted by to-
bacco use.

DISCUSSION

In elderly people 65 years of older, an existing diagnosis of gout
was associated with a twofold higher risk of a new diagnosis
of OSA. This association was independent of demographics,
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Table 1—Baseline demographic and clinical characteristics of people with OSA versus people without OSA.

Total, n
Age, mean (SD)
Sex, n (%)
Male
Female
Race/ethnicity, n (%)
White
Black
Other/unknown
Charlson-Romano comorbidity score, n (%)
0
1
22
Charlson-Romano comorbidity score, mean (SD)
Charlson-Romano comorbidities, n (%)
Myocardial infarction
Heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Connective tissue disease
Peptic ulcer disease
Mild liver disease
Diabetes
Diabetes with end-organ damage
Hemiplegia
Renal failure/disease
Any tumor leukemia lymphoma
Moderate or severe liver disease
Metastatic cancer
AIDS
Hypertension, n (%)
Hyperlipidemia, n (%)
Coronary artery disease, n (%)

All People OSA During the Follow-Up
No Yes
1,736,804" 1,693,835 42,969
75.3 (7.6) 75.4 (7.6) 716 (5.3)
736,218 (42.4) 711,179 (42.0) 25,039 (58.3)
1,000,586 (57.6) 982,656 (58.0) 17,930 (41.7)
1,496,209 (86.1) 1,457,407 (86.0) 38,802 (90.3)
142,568 (8.2) 139,752 (8.3) 2,816 (6.6)
98,027 (5.6) 96,676 (5.7) 1,351 (3.1)
913,223 (52.6) 898,254 (53.0) 14,969 (34.8)
174,840 (10.1) 169,532 (10.0) 5,308 (12.4)
648,741 (37.4) 626,049 (37.0) 22,692 (52.8)
1.60 (2.39) 1.59 (2.39) 2.29 (2.57)
69,090 (4.0) 66,512 (3.9) 2,578 (6.0)
204,179 (11.8) 196,121 (11.6) 8,058 (18.8)
169,973 (9.8) 164,765 (9.7) 5,208 (12.1)
169,817 (9.8) 164,966 (9.7) 4,851 (11.3)
78,416 (4.5) 77,814 (4.6) 602 (1.4)
271,530 (15.6) 259,435 (15.3) 12,095 (28.1)
48,373 (2.8) 46,792 (2.8) 1,581 (3.7)
32,968 (1.9) 32,033 (1.9) 935(2.2)
8,561 (0.49) 8,259 (0.49) 302 (0.70)
321,354 (18.5) 307,510 (18.2) 13,844 (32.2)
94,931 (5.5) 90,065 (5.3) 4,866 (11.3)
14,420 (0.83) 14,091 (0.83) 329 (0.77)
59,827 (3.4) 57,663 (3.4) 2,164 (5.0)
175,151 (10.1) 169,871 (10.0) 5, 280 (12.3)
2,008 (0.12) 1,966 (0.12) 42(0.10)
18,047 (1.0) 17,753 (1.0) 294 (0.68)
553 (0.03) 540 (0.03) 13 (0.03)
839,751 (48.4) 811,226 (47.9) 28,525 (66.4)
604,941 (34.8) 581,603 (34.3) 23,338 (54.3)
305,791 (17.6) 293,132 (17.3) 12,659 (29.5)
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For incident OSA, a baseline period of 365 days was needed without a diagnosis. AIDS = acquired immunodeficiency syndrome, OSA = obstructive sleep

apnea, SD = standard deviation.

comorbidity including cardiovascular diseases and the compo-
nents of metabolic syndrome, and the use of common medi-
cations. A practical use of this knowledge is that it can lead
to clinical suspicion and further evaluation of OSA in people
with gout. This can further lead to an early diagnosis of OSA
and appropriate management with CPAP and other modali-
ties that may improve outcomes in people with OSA."*'5 Be-
cause gout affects 4% of Americans and 63% of gout patients
have metabolic syndrome'®" (a potential risk factor for OSA),
screening the 2.5% of Americans with gout and metabolic syn-
drome for OSA might improve its early detection and treat-
ment. We observed a temporal relationship between the onset
of gout and the subsequent onset of OSA, but this study only

Journal of Clinical Sleep Medicine, Vol. 14, No. 9

shows that gout and OSA have an association that would con-
vey a risk of co-diagnosis. These findings should not be in-
terpreted as causality, because our study was not designed to
investigate causality.

Our study was motivated by a recent finding from a quali-
tative study of people with gout that revealed sleep disorders
had a profound effect on health on quality of life of patients
with gout and were common.?® A recent UK study found that
sleep apnea was associated with 1.5-1.7 times higher odds of
a new diagnosis of gout,"” indicating that sleep apnea may be a
risk factor for gout. Both gout and sleep apnea are associated
with the metabolic syndrome, obesity, and cardiovascular co-
morbidities,'™!"” which could be potential explanations for the
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Table 2—Multivariable-adjusted association of gout and other risk factors with OSA.

Multivariable Adjusted Multivariable Adjusted Multivariable Adjusted
(Model 1) (Model 2) (Model 3)
HR (95% ClI) P HR (95% ClI) P HR (95% ClI) P

Age (years)

65t0 <75 Ref Ref Ref

7510 <85 0.53 (0.51,0.54)  <.0001 0.52 (0.51,0.53)  <.0001 0.52 (0.51,0.53) <.0001

285 0.16 (0.15,0.18)  <.0001 0.16 (0.15,0.18)  <.0001 0.17 (0.16,0.19)  <.0001
Sex

Male Ref Ref Ref

Female 0.57 (0.56, 0.59)  <.0001 0.57 (0.56, 0.58)  <.0001 0.56 (0.54, 0.57)  <.0001
Race

White Ref Ref Ref

Black 0.67 (0.64,0.69) <.0001 0.69 (0.67,0.72)  <.0001 0.68 (0.65,0.70)  <.0001

Other 0.49 (0.46,0.51)  <.0001 0.50 (0.48,0.53) <.0001 0.50 (0.47,0.53)  <.0001
Charlson-Romano score, per unit change 1.21(1.21,1.22) <.0001 N/A N/A
Charlson-Romano score

0 N/A Ref N/A

1 1.99(1.93,2.06) <.0001

22 3.01(2.95,3.08) <.0001
Gout 2.07 (2.00,2.15)  <.0001 2.11(2.03,2.18) <.0001 1.79(1.73,1.85)  <.0001

Model 1 included Charlson-Romano score as a continuous variable; Model 2 replaced it with categorized Charlson-Romano score; and Model 3 replaced
it with each of the 17 Charlson-Romano comorbidities, hypertension, hyperlipidemia and coronary artery disease. All models were also adjusted for
medications for cardiovascular diseases (statins, beta blockers, diuretics, angiotensin-converting enzyme inhibitors) and for urate-lowering therapies for
gout (allopurinol, febuxostat). CI = confidence interval, HR = hazard ratio, N/A = not applicable, OSA = obstructive sleep apnea, Ref = referent category.

Table 3—Association of gout with OSA, in predefined subgroup analyses, by age, sex, race and tobacco use.
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Multivariable Adjusted (Model 1)
HR (95% CI) | P HR (95% CI) | P HR (95% CI) | P

Gout 65 to < 75 Years 75 to < 85 Years 285 Years

2.16 (2.08, 2.26) \ <.0001 1.86 (1.74, 1.99) \ <.0001 1.84 (142, 2.40) \ <.0001

Female Male

Gout

217 (2.04,2.31) \ <.0001 2.03(1.95,2.12) \ <.0001
Gout Black White Other Race

2.21(1.97, 2.48) \ <.0001 2.06 (1.99, 2.14) \ <.0001 2.03 (1.67, 2.46) \ <.0001
Gout No Tobacco Use Tobacco Use

2.06(1.99,2.14) | <0001 2.24(1.73,2.92) | <.0001

Age x gout P <.0001, sex x gout P <.0001, race x gout P = .88, tobacco use x gout P =.81. Cl = confidence interval, HR = hazard ratio, OSA = obstructive

sleep apnea.

finding from this previous study and our study. Both the previ-
ous study and our study adjusted for several components of
metabolic syndrome (hyperlipidemia, hypertension, diabetes)
and cardiovascular disease. The presence of the association
of gout and sleep apnea in both directions indicates that the
association is independent of the factors adjusted in each of
the analyses, including most components of the metabolic syn-
drome. It is important to note that we were unable to control for
obesity (component of metabolic syndrome), due to the lack of
body mass index data in Medicare claims, and a very low accu-
racy of diagnostic code for obesity in Medicare claims (< 2.5%
prevalence), given a reported prevalence of obesity at 35% in
adults 65 years or older almost a decade ago (2007-2010).*’
So, what pathophysiologic process can potentially explain
this association? Gout leads to acute and chronic systemic

Journal of Clinical Sleep Medicine, Vol. 14, No. 9

inflammation. Gout is characterized by the formation of mono-
sodium urate crystals in joints, synovium, and other body tis-
sues, which are phagocytosed by macrophages or monocytes.
This leads to the disruption of lysosome and the activation of
NALP3 inflammasome,”® which results in the formation of
interleukin 1B and other proinflammatory cytokines® and el-
evated C-reactive protein,™ that is, acute and chronic inflam-
mation. Hyperuricemia and urate crystals, hallmarks of gout,
are associated with oxidative stress.*** Inflammation and oxi-
dative stress also play an important role in the pathogenesis of
OSA. OSA was associated with elevated levels of tumor necro-
sis factor,® interleukin-6, and C-reactive protein®® and markers
of oxidative stress.’” Treatment with CPAP was associated with
areduction in levels of inflammatory markers,*-¢ and increased
endothelial nitric oxide synthase (NOS) and phosphorylation of
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endothelial NOS synthase expression and decreased nitrotyro-
sine and inducible NOS expression (consistent with reduction
of oxidative stress).’” Long-term effects of OSA-related hypox-
emia, including those on the cardiovascular system, are medi-
ated by inflammation, oxidative stress, and effects on vascular
endothelium, at least partially.*® Endothelium-dependent flow-
mediated dilation was reduced in OSA,*#° and these changes
reversed with CPAP treatment.*® Sleep apnea measures were as-
sociated with baseline diameter and the percentage of flow-me-
diated dilation.” Serum levels of vascular endothelial growth
factor, a hypoxia-sensitive glycoprotein stimulating neoangio-
genesis, were elevated in severely hypoxic patients with OSA
and were related to the degree of nocturnal oxygen desatura-
tion.*? Thus, gout and OSA share two potential common mech-
anisms, inflammation and oxidative stress, which partially
reverse with CPAP treatment in OSA. Whether one or both of
these mechanisms can explain the increased risk of OSA as-
sociated with gout remains to be examined in future studies;
such a mechanism could explain our study finding. However,
residual confounding due to obesity, a component of metabolic
syndrome we could not control in our analyses due to lack of
data, might also at least partially explain our findings.

We noted that lower hazard of new OSA diagnosis in older
age groups and non-White race in this cohort of people 65
years or older confirmed racial differences noted in the Cleve-
land Family Study.® Although more than 90% of Americans
have Medicare coverage that should minimize health care
access differences by race, non-Whites have lower access to
medical care* (ie, supplementary private insurance) or may be
less likely to seek care for their symptoms, leading to underdi-
agnosis, which can explain the lower OSA risk in non-Whites.
Racial differences in socioeconomic status (ie, higher poverty
rate), body mass index, and behavioral risk factors (smoking,
overeating, lack of exercise, alcohol use, etc.),* may also be
related to the differences noted.

Many advances in our understanding of the pathophysiol-
ogy and consequences of OSA have been made in the past two
decades. Some risk factors (male sex, obesity, alcohol, smok-
ing, menopause, etc.) for sleep apnea are known.'> Whether the
increased risk associated with gout makes gout a risk factor for
OSA is unclear at this time; more studies are likely needed be-
fore concluding that gout is a risk factor for OSA. Studies need
to replicate these findings in other cohorts and also investigate
the underlying mechanisms of this association. OSA is asso-
ciated with an increased risk of coronary artery disease and
hypertension,*” and cardiovascular events such as heart fail-
ure* and stroke.’ A better understanding of the link between
chronic inflammatory diseases such as gout and OSA can pro-
vide valuable insights into mechanisms of OSA and help the
development of targeted interventions to reduce its risk. This
indicates that targeting modifiable risk factors of OSA has the
potential to positively affect the risk of incident OSA and the
associated cardiovascular burden.

An interesting negative finding was that age, sex, or race
were not associated with any meaningful difference in the haz-
ard ratios of OSA related to gout. In this sample of older adults,
these biological variables do not seem to influence the associa-
tion of gout with new-onset OSA.
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Our findings should be interpreted considering study limi-
tations. Milder forms of the metabolic syndrome without
formal diagnoses may have been missed in our study, poten-
tially leading to residual confounding. Disparities related to
socioeconomic factors, health care access factors, body mass
index, etc. may also have potentially confounded this associa-
tion. However, we adjusted for hyperlipidemia, hypertension,
and diabetes (components of metabolic syndrome), as well
as other comorbidities including coronary heart disease, pe-
ripheral vascular disease, cerebrovascular disease, and heart
failure as potential confounders in addition to demographics
and medications, which likely decreased the possibility of
confounding bias. We recognize nondifferential misclassifica-
tion bias between the groups because of the underdiagnosis of
OSA and very low sensitivity and low specificity of ICD-based
algorithm (sensitivity 24%, specificity 68% in the previous
validation study®’) for OSA. This likely biased our estimate of
association toward null because a larger proportion of patients
were likely misclassified as nonpatients than false positives,
making them conservative estimates and indicating that the
true association may be even stronger. Some overdiagnosis of
OSA based on the diagnostic code is also possible, when the
clinician suspects OSA, but may not have confirmed the diag-
nosis; the extent of this is unclear and cannot be determined
from data in our cohort study. Other determinants of obtaining
a diagnosis of OSA and/or preceding diagnosis of gout may
be due to a patient’s age or sex affecting the likelihood that
the health care provider would put forth the various diagno-
ses (confirmed or suspected) for the purpose of reimbursement
for health care services. We considered using the ICD-9-CM
code 780.53, which denotes “hypersomnia with sleep apnea,
unspecified” (ie, is nonspecific for OSA), but decided not to in-
clude this code for our study, because compared to the specific
ICD-9-CM code we used it had much lower specificity (38%
[95% CI 36% to 40%]) for OSA in a recent validation study.*
The low specificity of using the code 780.53 (not the approach
we used) may be related to the fact that it is nonspecific for
OSA and that it might have been more widely used in earlier
years when the diagnosis was suspected, but not routinely con-
firmed with a polysomnogram. In some cases, OSA diagnosis
may be preexisting, but because of diagnostic delay, OSA may
have been diagnosed later than gout. In unadjusted analyses,
people with OSA had lower prevalence of dementia and meta-
static cancer, which might be related to lower likelihood of a
successful sleep study in people with these conditions. People
with several comorbidities (chronic pulmonary disease, diabe-
tes, diabetes with end-organ damage, heart failure, etc.) had
higher unadjusted incidence of OSA, which might indicate
surveillance bias, that is, higher likelihood of (1) clinical suspi-
cion of OSA and/or (2) screening for OSA and/or (3) pursuing a
clinical diagnosis of OSA, often by performing a sleep study in
the presence of these comorbidities compared to those without
each comorbidity.

Diagnostic suspicion bias would arise if physicians re-
ferred people with gout to sleep studies more frequently than
those without gout. To our knowledge, no estimates of this are
available in the literature. Although this is possible in small
numbers of patients, the association of gout and OSA is not
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well established and therefore this might at best explain the
noted association only partially. The lack of laboratory tests
in the Medicare data limited us from conducting analyses to
assess the mediators of the association of gout with sleep ap-
nea in our study. Medicare claims do not provide results of
tests, such as the sleep study; therefore, correlation with sleep
study confirmed OSA or the severity of apnea-hypopnea index
(AHI) could not be done. We did not search for a procedure
code for sleep study, a limitation of our study; we chose not
to do this, because completion of a sleep study would depend
on the patient’s insurance coverage, the availability of a sleep
study center in close proximity to the patient’s residence, and
patient preference. The results (positive versus negative) of the
sleep study are not available in the claims data. Future research
should address important mechanistic questions including the
assessment of hyperuricemia, oxidative stress, or other inflam-
matory pathways as the underlying mechanisms for this asso-
ciation. Findings should only be generalized to the population
from which they are derived, that is, adults 65 years or older
enrolled in fee-for-service Medicare,*” and not all adults. Study
strengths were that we used a representative sample, the num-
ber of events was large, and the findings were robust in sensi-
tivity analyses.

In conclusion, we found that gout was associated with a
twofold increased risk of a new diagnosis of OSA in adults 65
year or older. This association was independent of the patient
demographics (including sex and race), cardiovascular disease,
components of metabolic syndrome (except obesity), and other
comorbidities. Sensitivity analyses confirmed the robustness
of these findings. Future studies should explore the underlying
mechanisms of this association, and also examine if this asso-
ciation is also present in younger individuals.

ABBREVIATIONS

CMS, Centers for Medicare and Medicaid Services
CPAP, continuous positive airway pressure

ICD, International Classification of Diseases

NOS, nitric oxide synthase

OSA, obstructive sleep apnea
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