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Study Objectives: Determine the prevalence of central sleep apnea (CSA) in a large community-based cohort using current definitions and contrast the
clinical characteristics of subjects with CSA to those with obstructive sleep apnea (OSA) and no sleep apnea.

Methods: A cross sectional analysis of baseline data from 5,804 participants of the Sleep Heart Health study was performed. Subjects meeting
contemporary diagnostic criteria for CSA and Cheyne Stokes respiration (CSR) were compared to those without sleep apnea and those with OSA.
Demographic data, medical comorbidities, medication use, and sleep related symptoms were compared between the groups

Results: The prevalences of CSA and Cheyne Stokes respiration (CSR) in this sample were 0.9 (95% confidence intervals [Cl]: 0.7-1.2)% and 0.4 (95% ClI:
0.3-0.6)%, respectively. Individuals with CSA were older, had lower body mass indexes (BMI), lower Epworth Sleepiness Scale scores, and were more likely
to be male than individuals with obstructive sleep apnea OSA. Among those with self-reported heart failure (HF), OSA was much more common at 55.1%

(95% CI: 45.6-64.6) than CSA 4.1% (95% Cl: 0.3-7.9).

Conclusions: This is the largest community-based study of the prevalence and characteristics of CSA to date and demonstrates a prevalence of CSA that
is intermediate to those previously noted. Contrary to prior data from clinic based samples, individuals with heart failure were much more likely to have OSA

than CSA.
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Significance

According to contemporary criteria in the largest sleep cohort available, the current work demonstrates CSA prevalence to be 0.9% in adults aged 40
and older. Among community based subjects with heart failure, OSA is noted to be much more common than CSA.

INTRODUCTION

Central sleep apnea (CSA) is characterized by recurrent ces-
sation or attenuation of respiration during sleep resulting from
a decline or absence of ventilatory effort.' In heart failure pa-
tients, a pattern of periodic central apneas with a crescendo-
decrescendo pattern of intervening breaths known as Cheyne
Stokes respiration (CSR) is associated with increased mor-
tality.>* The prevalence of CSA (defined as a central apnea hy-
popnea index [AHI] > 10) in a community cohort of 741 men
was noted to be 0.4% overall, but 1.1% in those aged 65 and
older.* In a later cohort of 2,911 men aged 65 and older, the
prevalence of CSA (CAI > 5) was appreciably higher (7.5%).5
CSA is associated with conditions including heart failure (HF),
stroke (CVA), atrial fibrillation (AF), renal failure (CKD), and
medications (e.g., long acting opiates).® '

Most information regarding risk factors and clinical features
of CSA comes from clinical populations enriched in predis-
posing conditions such as opiate use, congestive heart failure,
and stroke.®*!” Such samples are subject to bias based on re-
ferral patterns for subspecialty care. One could imagine that
medical comorbidities would potentially be overrepresented in
the tertiary academic centers from which most of these clinic-
based cohorts were derived.

The comparison of the prevalence and clinical characteris-
tics of CSA and CSR to individuals with OSA and no sleep
apnea in a community based population that includes women
has not been performed. Such an evaluation could provide a
less biased determination of associations and potentially dis-
cover novel associations. Data from the Sleep Heart Health
Study (SHHS) were queried to perform this evaluation."
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METHODS

The SHHS was a community-based prospective cohort study
conducted from 1995 through 2006, which recruited 6,441
men and women aged 40 and older. At baseline, the investiga-
tors obtained polysomnography (PSG), EKG, blood pressure,
anthropomorphic measures, and questionnaires regarding
health, medication use, and sleep.'>* Subjects underwent in
home PSG using 5-lead electroencephalogram, submental
electromyogram, thoracic and abdominal inductive plethys-
mography, oronasal thermistor, two-lead electrocardiogram,
mercury gauge sensor for body position, and finger pulse ox-
imeter."? PSG data were scored at a central location according
to standardized criteria."* Data for this study were obtained
through the National Sleep Research Resource (NSRR), which
possesses data for 5,804 of the 6,441 participants.”” The use of
this data by the authors was approved by the NSRR. Each par-
ticipating institution’s institutional review board approved the
SHHS protocol at the time of the study, and the investigators
obtained informed consent from all participants.

The current International Classification of Sleep Disorders
(ICSD-3) contains 6 definitions of CSA which apply to adult
patients. Each of these definitions requires, a central AHI (cen-
tral apneas + central hypopneas/h sleep) > 5 with the central
apneas and hypopneas accounting for more than 50% of all
apneas and hypopneas.!

SHHS PSG scoring noted the presence of periodic breathing
(PB) if 10 consecutive minutes of Cheyne-Stokes breathing pat-
tern was present but did not differentiate central from obstruc-
tive hypopneas. In light of this limitation, we defined a general
CSA group (CSA-G) with both a central apnea index (CAI) > 5
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Table 1—Demographic and basic sleep characteristics by group.

No SA OSA CSA-G NSA-OSA-CSA-G CSR NSA-OSA-CSR
(n=2,830) (n=2,762) (n=55) P pairwise relationships (n=24) P pairwise relationships

Age (years) 60.9 (11.3) 64.8 (10.7) 69.1(9.9) <0.0001 CSA-G>OSA>NSA 73.1(8.5) <0.0001 CSR>O0OSA>NSA
BMI (kg/m?) 26.8 (4.5) 29.6 (5.4) 28.0 (4.6) <0.0001 OSA>CSA-G, NSA 26.0 (2.9) <0.0001 OSA>CSR, NSA
SBP (mm Hg) 124.9 (19.2) 129.6 (19.1) 131.2(20.7) <0.0001 OSA, CSA-G > NSA 127.3 (19.9) <0.0001 OSA > NSA

DBP (mm Hg) 731 (11.1) 744 (12.2) 74. 3 (12.1) 0.0002 OSA, CSA-G > NSA 70.1(13.1) <0.0001 OSA > NSA

% Female 64.6 (62.9,66.3) 42.3 (40.5,44.1) 1(1.7,16.5) <0.0001 NSA>OSA>CSA-G 12.5(0.0,25.3) <0.0001 NSA>OSA>CSR
% White 83.3(82.0,84.6) 855(84.2,86.8) 92.7(86,99.4) 0.0403 ns 95.8 (88.0,100.0) 0.0359 ns

AHI 4%(/h) 20(1.4) 17.0 (14.4) 33.8(16.3) <0.0001 CSA-G>OSA>NSA 36.8 (16.6) <0.0001  CSR>O0SA>NSA
ESS (score) 7342 2 (45) .7(45) <0.0001 OSA > NSA 7(44) <0.0001 OSA > NSA

Data are displayed as mean (standard deviation) or prevalence (95% confidence interval). P values represent results of ANOVA/3-way y?/Fisher exact test.
These 3-way analyses were performed for both CSA and CSR independently with respect to those with no sleep apnea (NSA) and OSA. CSA, central sleep
apnea; OSA, obstructive sleep apnea; CSA-G, general central sleep apnea group; CSR, Cheyne Stokes respiration; BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; AHI 4%, apnea hypopnea index with 4% desaturations with hypopneas; ESS, Epworth Sleepiness Scale.

and a CAI greater than the obstructive apnea index (OAI), and
a Cheyne-Stokes respiration group (CSR) that included sub-
jects meeting criteria for general CSA and PB. By definition,
all individuals with CSR were included in the CSA-G group.
In order to create the purest comparison of OSA and CSA, the
group with predominant OSA and a possible component of
CSA (presence of PB or CAI > 5/h) were not included in our
OSA group in the comparisons performed and will be referred
to as predominant OSA with a CSA component.

The apnea hypopnea index (AHI 4%) was defined as the
rate of apneas plus hypopneas with > 4% oxygen desatura-
tion per hour. Individuals without PB or CAI < 5 but with
an AHI 4% > 5 were classified as obstructive sleep apnea
(OSA), and individuals with an AHI 4% < 5 were classified
as no sleep-disordered breathing (SDB). A small number
(n = 157) of individuals who had AHI 4% > 5, did not meet
criteria for CSA, but also had presence of PB or CAI > 5
were classified in the predominant OSA with a CSA com-
ponent group.

Categorical variables such as medications used or pres-
ence of comorbidities were compared between the groups
using a likelihood ratio y? test or Fisher exact test if neces-
sary. Comparisons of continuous variables were made among
the 3 groups with one-way ANOVA with subsequent pairwise
Tukey HSD test. Values for categorical variables are expressed
as mean * standard deviation (SD). As this is an exploratory
analysis, multiple comparisons were not accounted for. For
symptoms, individuals were dichotomized to those reporting
“often” and more frequent compared to those reporting less
frequent symptoms. Basic statistics were performed with JMP
Pro statistical software (volume 11.0, 2013; SAS Institute,
Cary, NC).

RESULTS

Of the 5,804 participants, 48.8% (n = 2,830) had no SDB,
47.6% (n=2,762) had OSA, 2.7% had predominant OSA with a
CSA component (n = 157), 0.9% (n = 55) had CSA-G, and 0.4%
(n = 24) had CSR. Individuals with CSA-G were older (69.1
years) and much more likely to be male (90.9%) than those with
OSA (Table 1). Blood pressure was greater in OSA and CSA-G
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groups than those without SDB. Although severity of SDB was
highest in the CSA-G and CSR groups, sleepiness by ESS was
highest in the OSA group. The prevalence of OSA and CSA-G,
and central apnea index greater than 2.5, 5, and 20, respec-
tively are included in Table 2. CSA-G was much more common
among men and in those age 65 years and older.

Those with CSA-G were more likely to have a self-reported
history of cardiovascular disease (e.g., angina, CHF) or car-
diovascular procedure (e.g. coronary angiography) than those
with OSA and those without SDB. Subjects with CSR mir-
rored this trend, although they were also more likely to have
had coronary artery bypass grafting (CABG) and stroke.
EKG demonstrated atrial fibrillation more frequently in sub-
jects with CSA-G and CSR. Concordant with stated histories,
subjects with CSA-G and CSR were more likely to be treated
with drugs used for coronary artery disease (e.g., aspirin, an-
tihypertensives, and anti-lipid agents). Benzodiazepine use
was less common in CSA-G (0%) than OSA (4.7%; P = 0.02)
(Table 3). Notably, non-aspirin NSAID use was much less
common in individuals with CSA-G (5.5%) and CSR (0%)
than OSA (20%), although total NSAID use (aspirin and
non-aspirin NSAIDs) was not significantly different between
those with OSA (50.1%) and CSA-G (56.4%, P = 0.36) or CSR
(66.7%, P = 0.11).

Those 157 subjects with predominant OSA and a CSA
component comprised 2.7% (95% CI 2.3,3.1) of the overall
sample. These individuals were elderly (72.2 + 9.6 years old)
and predominantly male (87.9%). Compared to CSA-G, rates
of self reported MI and CHF were similar. Rates of atrial fi-
brillation, antihypertensive use, loop diuretic use, and non-
aspirin NSAID use were intermediate between OSA and CSA
(Table 4).

Despite the fact that individuals with CSA-G and CSR were
more likely to have self-described HF, those with self-reported
heart failure in this sample (n = 98, 57% male) were more
likely to have OSA (n = 54; 55%) than CSA-G (n = 4; 4%)
or predominant OSA with a CSA component (n = 12, 12.2%).
All individuals with CSA-G in this sample were classified as
having CSR (Table 5). When the sample was limited to those
with heart failure and moderate to severe SDB (AHI 4% > 15,
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Table 2—Prevalence of obstructive and central sleep apnea by gender.

Men Women Total
Age 39-64 Age 65-90 All Men Age 39-64 Age 65-90 All Women
(n =1,485) (n=1,280) (n=2,765) (n=1,643) (n=1,396) (n=3,039) (n=5,804)
% (95% Cl) % (95% ClI) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) % (95% ClI)
OSA
Overall 55.6 (53.2,58.1) 60 (57.4,62.6) 57.6(55.9,59.4) 30.2 (28.0,32.3) 48.1(45.6,50.7) 38.4(36.8,40.1) 476 (46.3, 48.8)
Mild 31.6(29.4,33.9) 33.2(30.7,35.7) 32.4(30.7,34.1) 20 9(19.0,22.8) 32.2(29.8, 34.5) 261 (24.6, 27.6) 29.1(28,30.2)
Moderate 154(13.6, 17.1) 189(16.8, 21) 170(15.6, 18.4) 5(5.4,7.7) 11 1(9.5,12.7) 6(7.7,9.6) 126(11.8, 13.4)
Severe 6(7.2,10) 9(6.5,9.3) 3(7.3,9.3) .7(2.0,3.5) 9(3.8,6.0) 7(3.1,44) 9(5.3,6.5)
CSA
Overall 0(0.5,1.5) 7(1.9,3.6) 8(1.3,2.3) 0.1(0.0,0.2) 3(0.0,0.6) 2(0.0,0.3) 9(0.7,1.2)
Mild 1(0.0,0.3) 3(0.0,0.6) 2(0.0,04) - 1(0.0,0.2) 0(0.0,0.1) 1(0.0,0.2)
Moderate 5(0.2,0.9) 6(0.2,1.0) 6(0.3,0.9) - .1(0.0,0.2) .0(0.0,0.1) 3(0.2,04)
Severe 0.3(0.1,0.6) 1.8(1.1,2.5) 1.0(0.7,1.4) 0.1(0.0,0.2) 0.1(0.0,0.3) 0.1(0.0,0.2) 0.5(0.4,0.7)
CSR Overall 2(0.0,04) 4(0.8, 2.0 8(0.4,1.1) - 2(0.0,0.5) 1(0.0,0.2) 4(0.3, 0.6)
CAI225 4(3.4,5.5) 4(6.9,9.8) 3(54,7.1) 0.7 (0.3,1.1) 3(0.7,1.9 0(0.6,1.3) 5(3.0,4.0)
CAl =5 3(16,3) 2(4.1,64) 7(3.0,4.3) 0.3 (0.0, 0.6) 6(0.2,1.0) 4(0.2,0.7) 0(1.6,2.3)
CAI'= 20 3(0.0,0.5) 9(0.4,1.3) 5(0.3,0.8) 0.1(0.0,0.2) 1(0.0,0.2) 1(0.0,0.2) 3(0.2,04)

Severity is defined as mild (5-14.9 events/hour), moderate (15-29.9 events/hour), and severe (30 events/hour or more). Overall central apnea index (CAl)

is also stratified by age and gender. CSA, central sleep apnea; OSA, obstructive sleep apnea; CSR, Cheyne Stokes respiration.

n = 32), pure OSA was noted in 89.9% (n = 32) of subjects, and
only 11.1% (n = 4) had CSR.

Self-reported sleep questionnaire responses were also ana-
lyzed (Table 6). The prevalence of subjects reporting a high
frequency of perceived insufficient sleep was lower in the
CSA-G group (9.1%) than those with OSA (19.1%). The preva-
lence of individuals reporting a high frequency of feeling tired
was lower in the CSR group (20.8%) than both OSA (38.8%)
and no SDB (40.6%) groups, though the prevalence was not
lower in the CSA-G group (38.2%). Congruent with the ESS
data presented in Table 1, the prevalence of those reporting a
high frequency of perceived daytime sleepiness was higher in
OSA (14.2%) than no SDB (11.5%), but no significant pairwise
relationships existed with CSA-G (10.9%) or CSR (8.3%). Fre-
quent sleeping pill use was less common in CSA-G (1.8%) than
those without SDB (9.2%) and was not significantly different
from the OSA group (6.8%). Symptoms of insomnia were not
statistically different for CSA-G and CSR groups relative to no
SDB and OSA groups.

DISCUSSION

This is the largest community based study of CSA to date, and
the only such study that includes both men and women. It is
also the first community based study to evaluate the preva-
lence of Cheyne-Stokes respiration.

The prevalence of CSA (defined as CSA-G in our sample)
was noted to be quite low (0.9%) relative to the prevalence of
OSA. When stratified by age and gender, the prevalence of
CSA differs from prior reports. Among the male participants
in the SHHS sample, the prevalence of CSA was 1.8%, more
than double the overall prevalence of male participants cited
in Bixler et al. (0.4%). This disparity exists even among simi-
larly defined age groups. Among those age 65 and older, Bixler
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et al. noted a CSA prevalence of 1.1% in men,* in contrast to
2.7% in SHHS. Some of this discrepancy may relate to differ-
ences in defining central sleep apnea. A modified form of the
ICSD-3 classification was used in our analysis, while a central
apnea index (CAI) > 10 was employed previously. Using iden-
tical CAI cutoffs, prevalence of CAI > 2.5 was higher in the
male members of SHHS (6.3%) compared to that of Bixler et al.
(2.2%), although prevalence of CAI > 20 was similar (0.5% in
both).* Another large male cohort from the osteoporotic frac-
tures in men (MrOS) study found the prevalence of CAI > 5
to be 7.2%, almost double the prevalence found in SHHS at
this cut-point (3.7 %). The older average age in Mchra et al.
(76.4 years vs. 63.1 in the SHHS sample) potentially accounts
for the higher prevalence of CSA. The prevalence of OAI > 5
among men in the SHHS (26.7%) is also lower than that noted
in Mehra et al. (35.1%). Sampling of older individuals in the
MrOS and SHHS cohorts is likely responsible for the higher
rates of CSA in both of these studies in comparison to Bixler et
al. However, the rising prevalence from the Bixler study (pub-
lished in 1998, with unclear recruitment time) to the SHHS
(recruited from 1995-1998 for initial study),' and MrOS (per-
formed sleep studies from 2003 to 2005) out of proportion to
the increases in OSA raises the possibility of rising prevalence
of CSA. Increasing rates of heart failure, renal failure, and
atrial fibrillation'”' in particular may be tied to a rise in CSA
prevalence. The initial prevalence of objectively measured
atrial fibrillation was in fact three times higher in MrOS than
in the male participants of SHHS (4.7%% vs. 1.5%), although
prevalence of heart failure by questionnaire was similar (6%?'
vs. 6.9%). Further research on contemporary populations with
careful attention to central versus obstructive events will be
required to evaluate shifting trends in the prevalence of central
and obstructive sleep apnea.?
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Table 3—Prevalence of comorbidities and prescription drug use by sleep-disordered breathing classification.
No SA 0SA CSA-G NSA-OSA-CSA-G CSR NSA-OSA-CSR
% (95% CI) % (95% CI) % (95% CI) 3-way y? pairwise relationships % (95% Cl)  3-way y? pairwise relationships
History of MI 48(40,56) 7.3(64,82) 15.1(5.9,243) <00001 CSA-G,0SA>NSA 18.2(3.2,33.2) <0.0001  CSR, OSA>NSA
Angina 7(4.9,6.5) 0(8.0,10.0) 182(8.3,28.1) <0.0001 CSA-G>OSA>NSA 29.2(11.6,46.8) <0.0001  CSR>OSA>NSA
History of stroke 5(1.9,3.1) 8(3.1,4.5) .3(0.6,14) 0.0053  CSA-G,OSA>NSA 16.7(2.2,31.2)  0.0004 CSR > 0OSA>NSA
History of CHF 1.0 (0.6, 1.4) 2.1(1.6,2.6) 4(0.7,14.1)  0.0005 CSA-G>OSA>NSA 17.4(2.7,32.1) <0.0001 CSR > 0OSA>NSA
History of CABG 7(21,3.3) 1(34,4.8) 14 6(56,236) <0.0001 CSA-G,OSA>NSA 333(15,51.6) <0.0001  CSR>OSA>NSA
History of coronary 4(19,29) 1(3.4,4.8) 3(19,16.7)  0.0002 CSA-G>OSA>NSA 17.4(27,321) <0.0001  CSR>O0SA>NSA
angiography
History of pacemaker 4(0.2,06) 1(0.7,1.5) 5(0.0,11.3)  0.0002 CSA-G>O0SA>NSA 42(00,12)  0.0023 0SA> NSA
LBBB 0(0.6,14) 0(0.6,14) 6(0.0,10) 0.2438 ns 10.5(0.0,224)  0.056 ns
RBBB 16(12,2) 35(28,4.2) 8(04,132) 00001 CSA-G,0SA>NSA 10.5(0.0,224) 00001  CSR, OSA>NSA
Atrial fibrillation 3(09,1.7) 2(1.7,2.7) 18 2(8.3,28.1) <0.0001 CSA-G > 0OSA,NSA  27. 8 (10.4,45.2) <0.0001 CSR > OSA, NSA
History of COPD 2(0.8,1.6) 0(0.6,14) 8(00,52) 06352 ns 2(0.0,12)  0.384 ns
History of asthma 2(8.2,10.2) 5(7.5,9.5) 5(0.0,11.3) 04236 ns 3(0.0,19)  0.6649 ns
Drugs
Any antihypertensive 34 1(32.4,35.8) 44. 6 (42.8,46.4) 63 6(51.3,75.9) <0.0001 CSA-G>OSA>NSA 79 2(63.5,94.9) <0.0001 CSR>0SA>NSA
HCTZ 1(4.3,5.9) 2(53,7.) 0(0.0,00) 00086 OSA NSA>CSA-G  0.0(0.0,00)  0.0517 ns
Loop diuretic 8(22,34) 4(46,6.2) 255(14.3,36.7) <0.0001 CSA-G>OSA>NSA 37.5(18.7,56.3) <0.0001 CSR > 0OSA>NSA
Any diuretic 13(11.8,14.2) 17. 8 (16.4,19.2) 29.1(17.5,40.7) <0.0001 CSA-G>OSA>NSA 37.5(18.7,56.3) <0.0001 CSR > 0OSA>NSA
Calcium channel 11.2(10.1,12.3) 16.4(15.1,17.7) 27.3(15.9,38.7) <0.0001 CSA-G>OSA>NSA 25.0(8.2,41.8) <0.0001 OSA>NSA
blocker
Beta blocker 10.7 (9.6, 11.8)  13.7 (12.5, 14.9) 23 6(12.7,345) 00002 CSA-G>O0SA>NSA 29.2(11.6,46.8) 0.0002  CSR>OSA>NSA
Ace inhibitor 104 (9.3,11.5) 13.9(126,15.2) 20(9.8,30.2) <0.0001 0SA > NSA 16.7(2.2,312)  0.0003 0SA > NSA
Anti-lipid 104 (9.3,11.5)  13.3(12.1,14.5) 23.6(12.7,345) 0.0002 CSA-G>OSA>NSA 25.0(8.2,41.8) 0.0009 OSA>NSA
Oral hypoglycemic 7(21,33) 0(42,58) 127(42,212) <00001 CSA-G>0SA>NSA 208(5.1,36.5) <0.0001  CSR>OSA>NSA
Insulin 9(06,12) 2(17,27) 8(0.0,52)  0.0001 0SA > NSA 2(0.0,12)  <0.0001 0SA > NSA
Digoxin 9(23,35) 3(36,5) 14.6 (5.6,23.6) <0.0001 CSA-G>O0SA>NSA 250(8.2,41.8) <0.0001  CSR>O0SA>NSA
Nitroglycerin 2(1.7,2.7) 8(22,34) 127(4.2,212) 0.0009 CSA-G>OSA ,NSA 25.0(8.2,41.8) <0.0001 CSR > OSA, NSA
Warfarin 7(12,22) 2(1.7,27) 127(42,212) 00003 CSA-G>OSA NSA 20.8(5.1,365) 0.0002  CSR>OSA, NSA
Aspirin 29 6(28,31.2) 35 9(34.2, 37.6) 52 7(39.9,655) <0.0001 CSA-G > OSA > NSA 66 7(484,85) <0.0001  CSR>OSA>NSA
Non-aspirin NSAID ~ 21.2(19.7,22.7) 20.0 (18.6,21.4) 55(0.0, 11.3) 0.0037  OSA, NSA> CSA-G .0(0.0,0.0) 0.0023 OSA,NSA>CSR
Any opiates 5(1.9,3.) 2(26,38) 5(0.0,11.3)  0.2044 ns 2(00,12)  0.3277 ns
Benzodiazepine 1(5.2,7.0) 7(3.9,55) 0(0.0,0.0)  0.0045 NSA>OSA>CSA-G 0.0(0.0,0.0)  0.0247 NSA > OSA
Vitamin C 15 8 (14.5,17.1) 15 8 (14.5,17.1) 16 4(69,259) 09913 ns 29 2(116,46.8) 0.2593 ns
P values represent results of 3-way y?/Fisher exact test. These 3-way analyses were performed for both CSA and CSR independently with respect to
No Sleep apnea (No SA) and OSA. CSA, central sleep apnea; OSA, obstructive sleep apnea; CSA-G, general sleep apnea group; CSR, Cheyne Stokes
respiration; MI, myocardial infarction; CHF, congestive heart failure; CABG, coronary artery bypass graft; LBBB, left bundle branch block; RBBB, right
bundle branch block; COPD, chronic obstructive pulmonary disease; HCTZ, hydrochlorothiazide; NSAID, non-steroidal anti-inflammatory drug.

Similar to prior work from clinic based samples with
older participants and smaller community based popula-
tions, SHHS participants with CSA-G and CSR were older,
had lower BMI, and were more likely to be male than those
with OSA.*62 The known strong associations with ischemic
heart disease, heart failure, and atrial fibrillation were also
noted.**** Additionally, although those with CSA-G and
CSR were more likely to have heart failure than those with
OSA, among subjects with heart failure the prevalence of
OSA vastly exceeded CSA-G and CSR. This deviates from
prior clinic-based investigations of heart failure subjects
in which the prevalence of CSA either exceeded® or nearly
matched that of OSA.>* This discrepancy may relate to a
lower severity of heart failure in the SHHS sample. Another
explanation of the lower frequency of CSA-G and CSR in our
heart failure population lies in the relatively high prevalence
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of women in our heart failure population (43%), as women
have much lower risk of CSA. The population of Javaheri et
al.® was 100% male, and the population of Sin et al.** was 85%
male. Our findings would suggest that for the typical heart
failure patient in the community, OSA is much more likely to
be the etiology of SDB than CSA, and that clinical suspicion
and pretest probabilities should be adjusted accordingly.
Despite greater severity of SDB in the CSA-G and CSR
groups, sleep related symptoms were of similar or lower se-
verity than OSA and no SDB groups. In heart failure popula-
tions, severity of CSR and OSA has not been associated with
daytime sleepiness.?*?’ Congruent with these findings, subjects
with CSA-G and CSR in our sample tended to have lower prev-
alence of perceived sleepiness and lower Epworth Sleepiness
Scale scores than those with OSA and were similar to those
without SDB, although these findings did not meet statistical
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significance. A common clinical perception exists that indi-
viduals with CSA predominantly exhibit insomnia related
complaints, although there are a paucity of data to support this
assertion.?® Our data would argue the opposite as those with
CSA-G have lower rates of perceived insufficient sleep and
tended to report fewer problems with initial and return sleep
latency as well as early morning awakenings than OSA and no
SDB groups, although these differences did not meet statistical
significance. Our data do not indicate that frequency of sleep
related symptoms can reliably differentiate OSA from CSA.

Those with predominant OSA and a CSA component were
not evaluated extensively in our analyses since our aim was
to compare OSA and CSA. This group possessed one or more
features of CSA (periodic breathing or CAI > 5), but did not
meet full criteria for CSA and thus would qualify as OSA under
current ICSD criteria. Borderline CSA comprised a sizeable
minority of the subject population (2.7%), and not surprisingly
had characteristics similar to the CSA group. This group may
represent those at risk for treatment emergent central apneas
with the initiation of positive airway pressure therapy.?-° This
borderline or “mixed” group merits further research as it likely
represents a distinct entity that could benefit from targeted
therapies of respiratory instability.*

A novel association noted in this analysis is the lower preva-
lence of non-aspirin NSAID use in individuals with CSA-G. A
potential mechanism for this association is the prevention of
augmented hypoxic sensitivity in the carotid body by NSAIDs.
Inflammation plays a role in the acclimatization of the carotid
body to hypoxia,® and in rodents exposed to chronic inter-
mittent hypoxia, ibuprofen reduces the augmented response
to subsequent hypoxia.*» Augmented chemosensitivity and
ventilatory responsiveness underlies the phenomenon of peri-
odic breathing, Cheyne-Stokes respiration, and recurrent cen-
tral apneas.’*» It is equally likely, however, that non-aspirin
NSAID use was simply avoided in those already on aspirin
in order to avoid concomitant use of two agents in the same
class, and similar rates of overall NSAID use among those
with OSA, CSA, and CSR would underlie this. While non-
aspirin NSAIDs lack an acetyl group and may have a different

anti-inflammatory profile—particularly with regard to neutro-
phil endothelial attachment,* there is no evidence to suggest
an anti-inflammatory effect on the carotid body would be sub-
stantially different between aspirin and non-aspirin NSAIDs.
It is also possible that non-aspirin NSAID medications could
have been avoided in individuals with cardiovascular disease.
However, the association between NSAIDs and cardiovas-
cular disease did not receive widespread attention until 2005,
7 years after SHHS recruitment ended, when cardiovascular
disease was linked with the COX-2 inhibitors,*3” and subse-
quently with non-selective COX inhibitors.*®* Further work

Table 4—Demographic and key characteristics of subjects with
predominant OSA and a CSA component.

OSA with Borderline CSA (n = 157)

Age (years) 72.2 (9.6)

BMI (kg/m?) 28.0 (4.3)
SystBP (mm Hg) 131.7 (20.3)
DiasBP (mm Hg) 72.0 (11.3)

% Female 23.6 (171, 30)
% White 87.9 (83, 92.8)
AHI 4% (/h) 30 2(20.8)

ESS (score) 3(4.9)
History of MI 139(87 19.1)
History of CHF 8.1(4,12.2)
Atrial fibrillation 10.1 (5.5, 14.7)
Any antihypertensive 60.5 (53.1, 67.9)
Loop diuretic 13.4 (8.2, 18.6)
Aspirin 45.9 (38.1, 53.7)
Non-aspirin NSAID 16.6 (11,22.2)

Data are displayed as mean (standard deviation) or prevalence (95%
confidence interval). OSA, obstructive sleep apnea; CSA, central
sleep apnea; BMI, body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; AHI 4%, apnea hypopnea index with
4% desaturations with hypopneas; ESS, Epworth Sleepiness Scale;
MI, myocardial infarction; CHF, congestive heart failure; NSAID, non-
steroidal anti-inflammatory drug.

Table 5—Characteristics of subjects with stated heart failure history stratified by gender.

Overall (n =98) Male (n = 56) Female (n = 42)
Age (years) 72.9(10.1) 71.2(10.0) 75.3 (9.9)
BMI (kg/m?) 28.2 (5.6) 28.0(54) 284 (6.0)
No SA % (95% Cl) 29.2(20.4,37.9) 28.6 (17.1, 40) 28.6 (15.3, 41.8)
OSA % (95% Cl) 55 1(45.6, 64.6) 48 2 (35.5,60.9) 64.3 (50.2, 78.3)
CSA-CSR % (95% Cl) 1(0.3,7.9) .1(0.6,13.7) 0(0,0)
Predominant OSA with CSA Component % (95% ClI) 12 2 (6, 18.5) 16 1(6.7,25.4) .1(0.0,14.7)
CAl (events/h) 3 (4.0) .0(5.0) .2(0.9)
OAI (events/h) 5(11.8) 5(14.1) .7(6.4)
AHI 4% (events/h) 148(1 .6) 172(1 6) 11 5(10 6)

Data are displayed as mean (standard deviation) or prevalence (95% confidence interval). All individuals with CSA also met criteria for CSR. *P < 0.05
difference between gender by Tukey’s HSD test. No differences in frequency of categorical variables between gender. CSA, central sleep apnea; OSA,
obstructive sleep apnea; CSR, Cheyne Stokes respiration; BMI, body mass index; SA, sleep apnea; PB, periodic breathing; CAl, central apnea index; OAl,
obstructive apnea index; AHI 4%- apnea hypopnea index with 4% desaturations with hypopneas.
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Table 6—Prevalence of sleep symptoms by group.

No SA, % OSA, % CSA-G, %

Trouble falling asleep 15.5(14.2,16.8) 15.7 (14.4,17) 7.3(0.6,14)
Prolonged return latency 20.7 (19.3,22.1) 21.1(19.6,22.6) 18.2(8.3,28.1)
Waking up too early 17.5(16.1,18.9) 18.1(16.7,19.5) 16.4 (6.9, 25.9)
Daytime sleepiness 11.5(10.4,12.6) 14.2(12.9, 15.5) 10 9(2.9,18.9)
Require sleeping pill 2(8.2,10.2) 8(5.9,7.7) .8(0.0,5.2)
Perceived insufficient sleep  17.5(16.1,18.9) 19.1(17.7,20.5) 9.1 (1.7, 16.5)
Feel unrested 17.3(15.9,18.7) 18.8(17.4,20.2) 14.5(5.5,23.5)
Tired 40.6 (38.8,42.4) 38.8(37,40.6) 38.2(25.8,50.6)

P
0.16
0.8
0.82
0.1
0.006
0.05
0.29
0.23

Prevalence (95% confidence interval) of patients with high self-reported “often” or higher frequency of sleep related symptoms. P values represent results
of 3-way 2 or Fisher exact test. These 3-way analyses were performed for both CSA and CSR independently with respect to those with no sleep apnea
(NSA) and OSA. OSA, obstructive sleep apnea; CSA-G, general sleep apnea group; CSR, Cheyne Stokes respiration.

CSR
pairwise % P pairwise
ns 125(0.0,25.3) 09 ns
ns 20.8(5.1,36.5)  0.93 ns
ns 25(8.2,41.8) 0.61 ns
ns .3(0.0,19) 0.009 OSA>NSA
NSA> OSA, CSA-G 2(0.0,12) 0.003 NSA> OSA
OSA> CSA-G .3(0.0,19) 0.13 ns
ns 16.7(2.2,312) 037 ns
ns 20.8(5.1,36.5  0.02 NSA, OSA>CSR

will be required to elucidate the significance of this finding
regarding non-aspirin NSAIDs.

Other medication related findings are also of interest. Vi-
tamin C has been shown to play a role similar to NSAIDs in
blunting hypoxic response after chronic hypoxia.** However,
no differences in the prevalence of Vitamin C use were found
between CSA-G or CSR with OSA and those without SDB
in this analysis. Prior research from small samples indicates
that benzodiazepines can improve central sleep apnea* and
symptomatic periodic breathing.* Potentially congruent with
this finding, those with CSA-G had a lower rate of benzodiaz-
epine use. The lack of an association between the prevalence of
opiate use with CSA-G or CSR is somewhat unexpected given
prior associations of opiate use with central sleep apnea.’*? Our
negative result may simply reflect paucity of opiate users in the
sample (n = 166, 2.9%) and the low average daily dose of those
on opiates (7.2 morphine equivalents/day). Nevertheless, prior
analysis in a selected population of opiate users noted similar
prevalence of OSA and CSA.#

The current work has several limitations. One is the absence
of scored central hypopneas that precludes determination of a
central AHI. The use of CAI greater than or equal to 5 instead
of a central AHI would serve to underestimate the prevalence
of central sleep apnea in this sample, as ICSD-3 includes cen-
tral hypopneas in the central event cutoff of 5. Additionally,
the vast majority of comorbidities including heart failure were
based on self-report, and as a result, we were not able to objec-
tively confirm and assess the type and severity of heart failure.
Furthermore, analyses in this work included multiple compari-
sons increasing the likelihood of type 1 error, and the cross-
sectional nature of the analyses limits inferences that can be
made regarding associations.

This analysis of SHHS participants confirms a number of
previously described associations regarding CSA, and esti-
mates the prevalence of CSA in women for the first time in a
large non-clinic based cohort. Contrary to prior work, those
with heart failure were much more likely to have OSA than
CSA. The overall burden of CSA relative to OSA in this popu-
lation may be of less severity than previously thought.
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