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AB S TRA C T

Objectives: Untreated obstructive sleep apnea (OSA) is associated with cogni-

tive dysfunction; however studies report low adherence rates to standard con-

tinuous positive airway pressure (CPAP) treatment in the elderly. Positional

OSA (p-OSA) is a subset that can be cured by positional therapy of avoiding

supine sleep. However, there is no well-established criteria to identify patients

who could benefit from positional therapy as an alternative or adjunct to

CPAP. This study investigates if older age is related to p-OSA using different

diagnostic criteria. Design: Cross-sectional study. Participants: Participants

aged 18 years old or more who underwent polysomnography for clinical rea-

sons at University of Iowa Hospitals and Clinics over a 1-year period from July

2011 to June 2012 were enrolled retrospectively. Measurement: P-OSA was

defined as a high supine-position dependency of obstructive breathing events

with potential resolution of OSA in nonsupine positions [high apnea-hypopnea

index on supine positions (s-AHI)/ AHI on nonsupine positions (ns0AHI) com-

bined with ns-AHI < 5/hour]. Different cutoff points (2, 3, 5, 10, 15, 20) were

applied to determine a meaningful ratio of supine-position dependency of

obstructions [s-AHI/ns-AHI]. We compared the proportion of patients with p-

OSA between the older age group (≥65 years old) and the propensity score (PS)-

matched (upto 1:4) younger age group (<65 years old) using logistic regression

analyses. Results: In total, 346 participants were included. The older age group

had a higher s-AHI/ns-AHI ratio than the younger age group (mean 31.6 [SD

66.2] versus 9.3 [SD 17.4], median 7.3 [interquartile range [IQR], 3.0-29.6) ver-

sus 4.1 (IQR, 1.9-8.7). After PS-matching, the older age group (n = 44) had

higher proportion of those with a high s-AHI/ns-AHI ratio and ns-AHI< 5/hour

compared with the younger age group (n = 164). (s-AHI/ns-AHI≥10: 54.6%
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versus 31.7%, OR 2.44 (95% CI, 1.22−4.90); s-AHI/ns-AHI≥15: 47.7% versus

26.2%, OR 2.24 (95% CI, 1.14−4.37); s-AHI/ns-AHI≥20: 40.9% versus 19.5%, OR

2.52 (95% CI, 1.22−5.20)) Conclusion: Older patients with OSA are more likely

to have severe position dependent OSA, that is potentially more treatable with

positional therapy. Thus, clinicians treating older, cognitively impaired geriat-

ric patients unable to tolerate CPAP therapy should consider positional therapy

as an adjunct or alternative. (Am J Geriatr Psychiatry 2023; 31:943−952)
Highlights

� What is the primary question addressed by this study?
Primary question addressed by study: We sought to evaluate the association between positional obstructive

sleep apnea and age based on different levels of severity of positional obstructive sleep apnea.
� What is the main finding of this study?

Main finding of this study: We found that the older age group is more associated with positional obstructive

sleep apnea than the younger age group, specifically with a more severe form of positional obstructive sleep

apnea.

� What is the meaning of the finding?
Meaning of the finding: Sleep disordered breathing is a potentially treatable cause of cognitive impairment

in older adults. Screening for older patients with positional obstructive sleep apnea and addition of posi-

tional therapy treatment can potentially be an alternative way to treat OSA.
INTRODUCTION

O bstructive sleep apnea (OSA) is a highly preva-
lent disease affecting almost 1 billion people

worldwide1, and its prevalence continues to rise with
increasing age and rates of obesity.2,3 Untreated OSA
has been regarded as a strong risk factor for stroke,4

myocardial infarction and hypertension,5 diabetes
mellitus,6 motor vehicle accidents,7 and cognitive
impairment in the elderly population.8 Therapies for
OSA include continuous positive airway pressure
(CPAP), oral devices and hypoglossal nerve stimula-
tion.9 However, adherence to these therapies is
reportedly low, particularly in geriatric patients
where adherence drops to a mean of 1.4 hours per
night in some studies with an even more profound
drop in adherence for those over 80 years old.10-12

This occurs despite evidence that consistent treatment
of OSA demonstrates functional improvements in
cognitive status and reversal of structural changes to
the basal ganglia, limbic system, hippocampus, insu-
lar cortex, corpus callosum and corticospinal tract.13

As untreated OSA is potentially reversible risk factor
 National Library of Health and S
 permiten otros usos sin autorizaci
of cognitive decline, it is important to target the geri-
atric population with well-tolerated treatment modal-
ities for OSA.

Positional OSA (p-OSA) occurs when the fre-
quency of apneas and hypopneas are attributed to
sleep position, usually with higher frequency in the
supine position. Sleeping in the supine position, or
lying flat on the back, causes gravity to alter the shape
and size of the upper airway leading to obstruction in
flow. Those with supine dependent p-OSA can bene-
fit significantly from positional therapy, with some
studies demonstrating a 35% reduction in total AHI
and median reduction of 79% when supine sleep was
restricted.14,15 However, physicians often have lim-
ited success managing patients diagnosed with p-
OSA using current criterion likely because patients
are overcategorized into the p-OSA subgroup, and
because risk factors for this disease are poorly
defined.

A diagnosis of p-OSA can be evaluated by calculat-
ing the ratio of AHI on supine position over AHI on
nonsupine position (s-AHI/ns-AHI). While there is
no clear consensus for the diagnostic criteria of p-
OSA, Cartwright’s 1984 definition of overall AHI >
Am J Geriatr Psychiatry 31:11, November 2023
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5/hour and supine AHI to nonsupine AHI ratio ≥ 2 is
commonly used.16,17 This definition was further elab-
orated in 2005 when Mador and colleagues distin-
guished between supine-predominant OSA and
supine-isolated OSA. And in 2015, Frank and col-
leagues established the Amsterdam positional OSA
classification, to identify patient more likely to be
cured with positional therapy17 However, with this
current definition, prevalence of p-OSA varies widely,
up to 77.4% of OSA patients in some studies, and
does not select for patients with a low ns-AHI.18,19

This proves less clinically useful for identification of
patients who would benefit from positional therapy.
Comparison of the prevalence of p-OSA using Cart-
wright’s definition, Mador’s definition, APOC crite-
ria, and overall/NS-AHI ratio demonstrated that
while Cartwright’s criteria and overall/ns-AHI exhib-
ited strongest sensitivity, overall/ns-AHI and
Mador’s criteria had the best specificity, unveiling
inconsistencies between the common standards
utilized.15

Currently, there are no clearly identified risk fac-
tors associated with a diagnosis of p-OSA. Only a few
studies report that older age is inversely linked to
p-OSA,20,21 or that there is no age dependent differ-
ence in the prevalence of p-OSA.17 Based on trends
observed in our patient population, as well as known
physiologic changes with older age (i.e., increased air-
way collapsibility, decline in genioglossus muscular
activity and genioglossus negative pressure reflex,22

etc., we hypothesize that older age is associated with
increased probability of having p-OSA among OSA
patients.

The aim of this study is to investigate the associa-
tion between age and p-OSA using diagnostic criteria
of increasing s-AHI/ns-AHI ratios, with and without
supine-isolated p-OSA (ns-AHI <5/hour).
METHODS

Participants

Participants aged 18 years old or more who under-
went polysomnography for clinical reasons at Univer-
sity of Iowa Hospitals and Clinics over a 1 year period
from July, 2011 to June 30, 2012 were enrolled retro-
spectively. Those with total sleep time < 120 minutes,
those with apnea hypopnea index (AHI) < 5/hour,
Am J Geriatr Psychiatry 31:11, November 2023
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those with sleep time on supine < 15 minutes, or
those with total sleep time on nonsupine position <
15 minutes were excluded. The study was approved
by the Institutional Review Boards (IRB) at The Uni-
versity of Iowa (IRB number 201210723) and the
informed consent was waived given the study design
being retrospective data review. Data Transfer and
Use Agreement was mutually approved by both IRBs
of The University of Iowa and University of Califor-
nia Irvine (J543200-DUA).
Measurements and Categorizing Age Group

Demographic information such as age, gender,
height, weight, body mass index and neck circumfer-
ence and history of medical comorbidities including
diabetes mellitus, hypertension, coronary artery dis-
ease, congestive heart failure, chronic obstructive pul-
monary disease, depression and stroke and/or
transient ischemic accident were collected based on
self-reported questionnaire at the time of polysom-
nography. Epworth Sleepiness Scale (ESS) was also
measured by self-report via questionnaire. Those
aged 65 years or more were categorized into the older
age group according to conventional definition,23 and
those less than 65 years were the younger age group.
Having a medical comorbidity was defined as being
diagnosed with the disease per chart review at the
time of polysomnography.
Polysomnography and Outcomes

Polysomnographic (PSG) recording data was retro-
spectively collected from University of Iowa Hospi-
tals & Clinic Sleep Disorders Center. Overnight PSG
monitored electroencephalogram, electrooculogram,
electromyogram, electrocardiogram, air-flows (pres-
sure transducer and thermistor), chest and abdominal
wall movement and audio-video recording. Scoring
of PSG including sleep stages, breathing events,
movement events were performed by technologists
and physicians certified by American Academy of
Sleep Medicine (AASM), using the recommended cri-
teria of AASM scoring manual at the time of the poly-
somnography.24 From the PSG data, important
variables were calculated including total sleep time,
sleep time in supine and nonsupine position, sleep
time in REM and NREM and sleep time in combina-
tion with certain sleep position and sleep stages,
945
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FIGURE 1. Flowchart of including eligible participants.
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apnea-hypopnea index [AHI: sum of apneas (absence
of airflow for ≥ 10 seconds) and hypopneas (reduc-
tion in respiratory effort with ≥ 4% oxygen desatura-
tion) per hour of sleep], supine AHI [s-AHI: AHI
measured while subject is in supine position], nonsu-
pine AHI [ns-AHI: AHI measured while patient is
asleep in any nonsupine position of left, right, or
prone], and s-AHI/ns-AHI.
Statistical Analysis

Clinical characteristics and sleep outcomes were
compared between the older age group and the youn-
ger age group using student’s t tests or Mann-Whit-
ney U tests for continuous variables and x2 for
categorical variables. A multivariable logistic regres-
sion model was applied to compute the propensity
score (PS) for the older age group by using available
covariates including gender, body mass index, neck
circumference, history of hypertension, history of dia-
betes mellitus and history of chronic obstructive pul-
monary disease. The younger age group was
matched (upto 1:4 ratio) with the older age group by
using the nearest neighborhood method within a cali-
per of 0.1 standard deviation of the logit of the pro-
pensity score. Propensity score matching was
introduced by Rosenbaum and Rubin in 1983.25 The
central role of the propensity score in observational
studies for causal effects and has been widely used to
reduce selection bias in observational studies.26 Logis-
tic regression analyses were performed to compare
sleep outcomes between groups by presenting odds
ratios (ORs) with 95% confidence intervals (CIs). p-
values less than 0.05 were considered statistically sig-
nificant. All statistical analyses were conducted using
Stata 17.0 (StataCorp, College Station, TX).

RESULTS

The number of potentially eligible participants was
846 from University of Iowa Hospitals & Clinics from
July 2011 to June 2012. Among them, 346 participants
were eligible after exclusion due to insufficient total
sleep time (<120 minutes), insufficient sleep time on
supine position (<15 minutes), insufficient sleep time
on nonsupine position (<15 minutes), or no obstruc-
tive sleep apnea (AHI < 5/hour) observed during the
polysomnography. Forty-four participants (12.7%)
946
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were categorized into the older age group and 302
were into the younger age group. After 1:4 PS match-
ing, 44 subjects in the older age group and 164 sub-
jects in the younger age group were included in the
final analysis (Fig. 1).

The older age group had lower BMI (mean 30.6
[SD 6.6] versus 36.0 [SD 9.3] kg/m2, student’s t test,
t = 3.7084, df = 344, p = 0.0002) and lower neck cir-
cumference (mean 40.1 [SD 4.0] versus 41.8 [SD 4.7]
cm, student’s t test, t = 2.2784, df = 344, p = 0.0233)
than the younger age group, but had higher rates of
hypertension (70.5% versus 55.2%, chi-square test,
x2 = 3.6710, df = 1, p = 0.055), coronary artery disease
(20.5% versus 18.9%, chi-square test, x2 = 10.2958,
df = 1, p = 0.001) and depression (25.6% versus 42.5%,
chi-square test, x2 = 4.9008, df = 1, p = 0.027). After PS
matching, variables between two groups were well
balanced except ESS and the proportion of those with
coronary artery disease (Table 1).

When s-AHI/ns-AHI≥2 was applied to determine
the presence of p-OSA, more than three quarters (266
of 346, 76.9%) of OSA patients were categorized into
the p-OSA group. However, when the ration for p-
OSA category was higher, only 33.8% (117 of 346) of
OSA patients had s-AHI/ns-AHI≥10 and 32.9% (114
of 346) with s-AHI/ns-AHI≥10 AND ns-AHI<5. The
older age group had a higher s-AHI/ns-AHI ratio
than the younger age group median 7.3 (interquartile
range(IQR), 3.0−29.6) versus 4.1 (IQR, 1.9−8.7),
Mann-Whitney U test, x2 = 7.964, df = 1, p = 0.0048
before PS matching; median 7.3 (interquartile range
[IQR], 3.0−29.6) versus 4.4 (IQR, 2.0−9.6), Mann-
Whitney U test, x2 = 6.309, df = 1, p = 0.012 after PS
Am J Geriatr Psychiatry 31:11, November 2023
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TABLE 1. Comparison of Demographic and Comorbidities between the older Age Group and the Younger Age Group

Before PS Matching After PS Matching (upto 1:4)

Age < 65 YO Age ≥ 65 YO P-Value Age < 65 YO Age ≥ 65 YO P-Value

n 302 (87.3%) 44 (12.8%) 164 44
Age, years 48.1 (9.7) 70.3 (5.5) <0.0001 49.6 (9.2) 70.3 (5.5) <0.0001
Men 151 (50.0%) 25 (56.8%) 0.4 90 (54.9%) 25 (56.8%) 0.818
Body mass index, kg/m2 36.0 (9.3) 30.6 (6.6) 0.0002 31.7 (6.3) 30.6 (6.6) 0.32
≥30 221 (73.2%) 20 (45.5%) 0.001 91 (55.5%) 20 (45.5%) 0.236
Neck circumference, cm 41.8 (4.7) 40.1 (4.0) 0.0233 40.4 (4.2) 40.1 (4.0) 0.713
abnormal (men: ≥17 inch, women: ≥16 inch) 130 (43.1%) 10 (22.7%) 0.01 43 (26.2%) 10 (22.7%) 0.637
Epworth Sleepiness Scale 10.2 (5.0) 8.1 (5.1) 0.0115 10.2 (5.1) 8.1 (5.1) 0.02
Hypertension 166 (55.2%) 31 (70.5%) 0.055 107 (65.2%) 31 (70.5%) 0.516
Diabetes mellitus 57 (18.9%) 11 (25.0%) 0.35 35 (21.3%) 11 (25.0%) 0.604
Coronary artery disease 19 (6.3%) 9 (20.5%) 0.001 14 (8.5%) 9 (20.5%) 0.025
Congestive heart failure 10 (3.3%) 1 (2.3%) 0.71 7 (4.3%) 1 (2.3%) 0.541
Chronic obstructive pulmonary disease 74 (24.6%) 7 (15.9%) 0.21 30 (18.3%) 7 (15.9%) 0.714
Depression 128 (42.5%) 11 (25.6%) 0.027 68 (41.5%) 11 (25.6%) 0.056
Stroke/transient ischemic accident 4 (1.3%) 2 (4.6%) 0.127 3 (1.8%) 2 (4.6%) 0.296

Notes: PS: propensity score; YO: years old.
Continuous variables were compared using student’s t-tests (df = 344 before PS matching, df = 206 after PS matching), and categorical variables

were compared using x2 (df = 1).

Ann et al.
matching) The proportion of those who had s-AHI/
ns-AHI≥2 were 86.4% and 75.5% in the older age
group and the younger age group, respectively. After
PS matching, the proportion of those with s-AHI/ns-
AHI ≥ 2 (86.4% versus 78.7%, chi-square test,
x2 = 1.301, df = 1, p = 0.254, OR 1.72 [95% CI, 0.67
−4.39]), those with ≥ 3 (77.3% versus 67.1%, chi-
square test, x2=1.694, df = 1, p = 0.193, OR 1.67 [95%
CI, 0.77−3.63]) and those with ≥ 5 (65.9% versus
51.8%, chi-square test, x2 = 2.777, df = 1, p = 0.096,
OR 1.80 (95% CI, 0.90−3.60) were numerically more
common in the older age group with no statistical sig-
nificance. However, the proportion of s-AHI/ns-AHI
≥ 10 (56.8% versus 32.9%, chi-square test, x2 = 8.407,
df = 1, p = 0.004, OR 2.68 [95% CI, 1.36−5.29]), those
with ≥ 15 (47.7% versus 26.2%, chi-square test,
x2 = 7.534, df = 1, p = 0.006, OR 2.57 [95% CI, 1.29
−5.10]) and those with ≥ 20 (40.9% versus 19.5%, chi-
square test, x2 = 8.698, df = 1, p = 0.003, OR 2.86 [95%
CI, 1.40−5.83]) were higher in the older age group.
The older age group had higher proportion of those
with a high s-AHI/ns-AHI ratio but no OSA during
sleeping on nonsupine position (ns-AHI < 5/hour)
compared with the younger age group. (s-AHI/ns-
AHI ≥ 10: 54.6% versus 31.7%, chi-square test,
x2 = 7.804, df = 1, p = 0.005, OR 2.58 (95% CI, 1.31
−5.09); s-AHI/ns-AHI ≥ 15: 47.7% versus 26.2%, chi-
square test, x2 = 7.534, df = 1, p = 0.006, OR 2.57 (95%
CI, 1.29−5.10); s-AHI/ns-AHI ≥ 20: 40.9% versus
Am J Geriatr Psychiatry 31:11, November 2023
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19.5%, chi-square test, x2 = 8.698, df = 1, p = 0.003,
OR 2.86 [95% CI, 1.40−5.83]) (Table 2) (Fig. 2).

DISCUSSION

Our study demonstrated that older patients with
OSA are more likely to have severe position depen-
dent OSA. The older age group (≥65 years) had a sub-
stantially higher s-AHI/ns-AHI ratio than the
younger age group. Furthermore, the older age group
had a higher percentage of OSA that is severe (s-
AHI/ns-AHI≥10, ≥15 and ≥20) and is more likely
treatable by positional therapy (ns-AHI<5).

Various definitions of p-OSA have historically
been suggested, with no clear consensus at this time.
In 1984, Cartwright proposed s-AHI/ns-AHI ≥2 as a
cutoff for diagnosis of p-OSA,27 which was used in
subsequent analyses by Bignold28 and other experts.16

However, the vast majority of OSA patients (53%
−77%) meet this criteria and can be categorized as
having p-OSA.19-21,29-33 In our study, 76.9% (266 of
346) met the criteria for p-OSA group based on Cart-
wright’s proposal. Therefore, we compared different
cutoff levels in our study to determine how the preva-
lence of positional dependent obstructive sleep apnea
would differ between the younger and older age
groups. The older age group had numerically higher
but statistically comparable prevalence of p-OSA
947

ocial Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



TABLE 2. Comparison of Sleep Outcomes between the Older Age Group and the Younger Age Group

Before PS Matching After PS Matching (upto 1:4)

Age < 65 Yrs Age ≥ 65 Yrs P-value Age < 65 Yrs Age ≥ 65 Yrs P-value
Corrected
P-value OR (95% CI)

AHI 14.3 (10.9) 14.8 (8.1) 0.765 13.2 (9.1) 14.8 (8.1) 0.275
Total sleep time 341.1 (64.7) 307.4 (73.9) 0.0017 342.5 (67.0) 307.4 (73.9) 0.0028
Sleep efficiency 0.80 (0.13) 0.72 (0.14) 0.0006 0.81 (0.12) 0.72 (0.14) 0.0002
s-AHI/ns-AHI ratio
median (IQR) 4.1 (1.9−8.7) 7.3 (3.0−29.6) 0.0048 4.4 (2.0−9.6) 7.3 (3.0−29.6) 0.012
s-AHI/ns-AHI ratio ≥2 228 (75.5%) 38 (86.4%) 0.11 129 (78.7%) 38 (86.4%) 0.254 1.72 (0.67−4.39)
s-AHI/ns-AHI ratio ≥3 194 (64.2%) 34 (77.3%) 0.088 110 (67.1%) 34 (77.3%) 0.193 1.67 (0.77−3.63)
s-AHI/ns-AHI ratio ≥5 149 (49.3%) 29 (65.9%) 0.04 85 (51.8%) 29 (65.9%) 0.096 1.80 (0.90−3.60)
s-AHI/ns-AHI ratio ≥10 92 (30.5%) 25 (56.8%) 0.001 54 (32.9%) 25 (56.8%) 0.004 0.024 2.68 (1.36−5.29)
s-AHI/ns-AHI ratio ≥15 71 (23.5%) 21 (47.7%) 0.001 43 (26.2%) 21 (47.7%) 0.006 0.036 2.57 (1.29−5.10)
s-AHI/ns-AHI ratio ≥20 56 (18.5%) 18 (40.9%) 0.001 32 (19.5%) 18 (40.9%) 0.003 0.018 2.86 (1.40−5.83)
s-AHI/ns-AHI ratio ≥2
AND ns-AHI <5

147 (48.7%) 27 (61.4%) 0.116 88 (53.7%) 27 (61.4%) 0.283 1.37 (0.69−2.71)

s-AHI/ns-AHI ratio ≥3
AND ns-AHI <5

140 (46.4%) 26 (59.1%) 0.114 83 (50.6%) 26 (59.1%) 0.317 1.41 (0.72−2.77)

s-AHI/ns-AHI ratio ≥5
AND ns-AHI <5

125 (41.4%) 25 (56.8%) 0.054 71 (43.3%) 25 (56.8%) 0.11 1.72 (0.88−3.37)

s-AHI/ns-AHI ratio ≥10
AND ns-AHI <5

90 (29.8%) 24 (54.6%) 0.001 52 (31.7%) 24 (54.6%) 0.005 0.03 2.58 (1.31−5.09)

s-AHI/ns-AHI ratio ≥15
AND ns-AHI <5

71 (23.5%) 21 (47.7%) 0.001 43 (26.2%) 21 (47.7%) 0.006 0.036 2.57 (1.29−5.10)

s-AHI/ns-AHI ratio ≥20
AND ns-AHI <5

56 (18.5%) 18 (50.9%) 0.001 32 (19.5%) 18 (40.9%) 0.003 0.018 2.86 (1.40−5.83)

Notes: AHI: apnea hypopnea index; s-AHI/ns-AHI: the ratio of AHI on supine position over AHI on nonsupine position; IQR: interquartile
range; OR: odds ratio; PS: propensity score; yrs, years old.
AHI, Total sleep time and Sleep efficiency were compared between groups using a student’s t test (df = 344 before PS matching, df = 206 after

PS matching); s-AHI/ns-AHI ratio were compared using a Mann-Whitney U test. (df = 1) Categorical variables were compared using x2 (df = 1),
and ORs (95% CI) were estimated using a logistic regression analysis.
Corrected P-values were calculated by Bonferroni correction. (P-values £number of comparisons).

Older Age is Associated With Positional Obstructive Sleep
compared with the younger age group when s-AHI/
ns-AHI≥2 was applied. However, the older age group
had significantly higher prevalence of p-OSA than the
younger age group when stricter cutoff levels (10 or
more) were used. Our data shows that there is more
substantially severe supine position dependent OSA
among older OSA subjects compared to younger
OSA participants.

Delineating an accurate ration for p-OSA diagnosis
is important in a clinical setting to best identify
patients who may benefit from positional therapy.
Cartwright’s prior criteria may be overly inclusive
and lacks information about possible clinical benefit
from positional therapy, leading to the introduction
of s-AHI/ns-AHI ratio and ns-AHI<5 to identify
patients with supine-isolated p-OSA.19 And in 2015,
the Amsterdam Positional OSA Classification
(APOC) system proposed three separate categories
for p-OSA patients in an effort to identify patients
who could be cured (APOC I) or who could benefit
948
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from positional therapy (APOC II, III).15,17 Using this
more stringent criteria, we found that there is a sub-
stantial proportion of OSA patients who suffer from
sleep apnea on the supine position that fully normal-
ized on the nonsupine position. In our study, one-
third (32.9%) of OSA patients showed s-AHI/ns-
AHI>10 but ns-AHI<5. These patients could likely
see dramatic improvement in OSA symptoms with
addition of positional therapy.

Phenotypic factors associated with p-OSA would
also help with patient selection for positional therapy.
However, as of now there are no defined risk factors
related to p-OSA. In evaluating risk factors, we identi-
fied that older age is related to a more severe position
dependent OSA. To our knowledge, this is the first
study showing the relationship between older age
and p-OSA. Previously only a few studies, which did
not account for confounders and used Cartwright’s
definition of p-OSA of s-AHI/ns-AHI ≥ 2, investi-
gated the association between age and p-OSA
Am J Geriatr Psychiatry 31:11, November 2023
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FIGURE 2. Comparison of proportion of p-OSA between the younger and the older age group. The older age group have more
severe (a higher s-AHI/ns-AHI ratio) p-OSA.
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showing inconclusive results. Oksenberg et al.20

reported that p-OSA group (n = 321) was younger
than non-p-OSA group (n = 253) amongst OSA
patients. (52.9 [SD 10.4] versus 54.9 (SD 10.1),
p = 0.02). Richard et al.21 also reported similar results
in a study with small number of participants.
(n = 120) (47.1 [SD 11.5] versus 53.9 [SD 11.0] years,
p = 0.004). However, Iannella et al. compared 146
older OSA group (≥65 years old) and 288 younger
Am J Geriatr Psychiatry 31:11, November 2023
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OSA group, and concluded that there was no differ-
ence in the prevalence of p-OSA between these two
groups (49.3% versus 51.3%).17 Our study applied PS
matching to balance confounders between the older
age group and the younger age group, which
revealed that older age is linked to p-OSA with higher
s-AHI/ns-AHI ratio.

During wakefulness protective reflexes maintain
pharyngeal patency through activating pharyngeal
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dilator muscles, however these reflexes are attenuated
during sleep,34 and OSA could develop in those who
have a predisposition to pharyngeal collapse. Lying
in the supine position reduces pharyngeal cross sec-
tional area,35 mediated by effects of gravity leading to
increased pharyngeal collapsibility.36 In particular,
patients with p-OSA have increased pharyngeal col-
lapsibility depending on position of sleep. Effects of
aging further exacerbate supine position dependent
pharyngeal collapsibility,29 leading to p-OSA. There
are several theorized mechanisms of aging-related p-
OSA. First, aging changes the anatomy and physiol-
ogy of upper airway such that it is more prone to col-
lapse. Malhotra et al.37 reported increasing size of
pharyngeal fat pads and lengthening of the soft palate
with age, which narrow the upper airways. They also
showed the negative pressure reflex of genioglossus
muscle, which compensate for pharyngeal collapse,
decreases with age.37 Second, aging-related increased
end expiratory lung volume (EELV) may affect dilator
muscle activity. Stanchina et al.38 showed genioglos-
sus muscle activity decreased with a higher EELV.
Elastic recoil of the lungs is also reduced with aging,
which results in an increase in EELV.39

Particularly concerning to the older population,
untreated OSA is associated with early hospitaliza-
tion, cognitive decline, and dementia.8 This is
believed to be mediated by both vascular changes
caused by intermittent hypoxia and hypoventilation,
as well as structural changes of decreased gray and
white matter volume and increased amyloid-b depo-
sition.40 Resulting hypoxemia is correlated with white
matter changes in the basal ganglia (caudate, puta-
men, and pallidum), limbic system (hippocampus,
amygdala), and corpus collosum as measured by
magnetic resonance imaging.13 Functional decline
span multiple cognitive domains include attention
span, verbal memory, visuospatial, executive func-
tion, psychomotor function/procedural memory, and
overall cognition.41 Despite these changes, Davies
and colleagues demonstrate optimistic results with
OSA treatment including a reduction in OSA-related
cognitive impairment in executive and frontal lobe
function and reduction in daytime sleepiness in older
adults.41 In fact, patients with mild-moderate Alz-
heimer’s dementia adherent to OSA therapy demon-
strated significantly less cognitive decline at 3 year
follow up.41 Furthermore, Castronovo et al.42 demon-
strate reversal of gray matter volume decrements in
950
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the hippocampus and frontal regions after 3 and 6
months of CPAP therapy, with near complete normal-
ization of white matter fiber integrity measured by
diffusion tensor imaging and resulting neurocogni-
tive testing improvements after 1 year of treatment.
However CPAP adherence worsens with increasing
age, dropping down to a mean adherence of 1.4 hours
to less than 2 hours per night in some studies, with
another more profound decrease in adherence after
80 years old,43 particularly in vulnerable populations
such as poststroke/transient ischemic attack (TIA)
patients or those with decreased functional capacity.44

Many factors contribute to this difficulty in CPAP
adherence in older patients, including older adults
living alone, demonstrating fewer classic OSA symp-
toms as described in general adults, worsened dexter-
ity, alterations in cognition, and neurologic
deficiencies.12 Anatomic changes, such as higher
grades of septal deviation, hypertrophic change of the
inferior turbinate, and overall increased mean body
mass index is also associated with CPAP nonadher-
ence.45 Thus, adopting positional therapy as a more
tolerable and affordable alternative or addition to
CPAP therapy in our older patients who have func-
tional, pain, or poststroke/TIA conditions limiting
CPAP adherence potentially offers far-reaching neu-
rocognitive, cardiovascular, and quality of life
improvements.

Positional therapy can come in several forms,
including physical barriers preventing patients from
sleeping in the supine position (vibrotactile feedback
worn on the neck or chest, belts obstructing sleeping
on the back, or the classic “tennis ball T-shirt”) and
promoting nonsupine sleep (body pillows, angled pil-
lows). They can be used both as standalone therapy if
patients have predominantly positional OSA, or as
adjunct to other OSA treatment forms such as CPAP,
oral mandibular device, or hypoglossal nerve stimu-
lation therapy, and can be helpful with patients with
poor CPAP tolerability. Some limitations to positional
therapy include lack of validated tools to measure
treatment compliance, lack of guidelines to determine
effectiveness, patient discomfort, and difficulty with
patient identification.14

There are limitations of our study. In scoring poly-
somnography data, we used the AASM scoring man-
ual from 2007, which remains largely consistent but
has since been updated in 2023. We also used poly-
somnography data collected over a one year period
Am J Geriatr Psychiatry 31:11, November 2023
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from 2011−2012, as the sample size proved adequate
to power the study and the characteristics of the pop-
ulation were not expected to be significantly different
if more participants had been enrolled since 2012. We
were unable to collect complete ethnicity data for all
the subject included in our study, and thus could not
provide comparative data. Some studies suggest that
Asian ethnicity may be a predictor of p-OSA based on
studies reporting high prevalence of p-OSA, ranging
from 67% to 77.3% depending on the study,14,19,32,33

however there has been no comparative studies. Our
study also showed a high overall prevalence of p-
OSA (77%) based on the same criteria, however our
study would benefit from further analysis of ethno-
graphic data.

In conclusion, older OSA patients are more likely
to have severe position dependent OSA however
more treatable by positional therapy. Our study
hopes to help physicians with adequate patient selec-
tion for positional therapy, which has been an under-
utilized and under-explored treatment option for
OSA.
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ARTICLE SUMMARY

Untreated obstructive sleep apnea is an often-overlooked
contributor to cognitive decline. However, adherence to
treatment of OSA is low in the elderly. We compared PSG
data from younger and older age groups at various cutoffs
for positional obstructive sleep apnea. We found a signifi-
cant association between older age and more severe posi-
tional obstructive sleep apnea. Addition of positional
therapy in older adults can be an effective way of treating
OSA and potentially improving cognitive outcomes.

ACKNOWLEDGMENTS

Sleep lab technologists at The University of Iowa.
References
1. Benjafield AV, Ayas NT, Eastwood PR, et al: Estimation of the

global prevalence and burden of obstructive sleep apnea: a litera-

ture-based analysis. Lancet Respir Med 2019; 7(8):687–698, Aug

2. Franklin KA, Lindberg E: Obstructive sleep apnea is a common

disorder in the population-a review on the epidemiology of sleep

apnea. J Thorac Dis 2015; 7(8):1311–1322

3. Peppard PE, Young T, Barnet JH, et al: Increased prevalence of

sleep-disordered breathing in adults. Am J Epidemiol 2013; 177

(9):1006–1014

4. McDermott M, Brown DL: Sleep apnea and stroke. Curr Opin

Neurol 2020; 33(1):4–9

5. Yeghiazarians Y, Jneid H, Tietjens JR, et al: Obstructive sleep

apnea and cardiovascular disease: a scientific statement from the

American Heart Association. Circulation. 2021; 144(3):e56–e67

6. Reutrakul S, Mokhlesi B: Obstructive sleep apnea and diabetes: a

state of the art review. Chest 2017; 152(5):1070–1086

7. Faria A, Allen AH, Fox N, et al: The public health burden of

obstructive sleep apnea. Sleep Sci 2021; 14(3):257–265

8. Olaithe M, Bucks RS, Hillman DR, et al: Cognitive deficits in

obstructive sleep apnea: Insights from a meta-review and com-

parison with deficits observed in COPD, insomnia, and sleep

deprivation. Sleep Med Rev 2018; 38:39–49
9. Chang HP, Chen YF, Du JK: Obstructive sleep apnea treatment

in adults. Kaohsiung J Med Sci 2020; 36(1):7–12

10. Rotenberg BW, Murariu D, Pang KP: Trends in CPAP adherence

over twenty years of data collection: a flattened curve. J Otolar-

yngol Head Neck Surg 2016; 45(1):43

11. Saglam-Aydinatay B, Taner T: Oral appliance therapy in obstruc-

tive sleep apnea: long-term adherence and patients experiences.

Med Oral Patol Oral Cir Bucal 2018; 23(1):e72–e77

12. Posadas T, Oscullo G, Zald�ıvar E, et al: Treatment with CPAP in

elderly patients with obstructive sleep apnea. J Clin Med 2020; 9

(2):546

13. Rostampour M, Noori K, Heidari M, et al: White matter altera-

tions in patients with obstructive sleep apnea: a systematic

review of diffusion MRI studies. Sleep Med 2020; 75:

236–245

14. Yingjuan M, Siang WH, Leong Alvin TK, et al: Positional therapy

for positional obstructive sleep apnea. Sleep Med Clin 2020; 15

(2):261–275

15. Levendowski DJ, Oksenberg A, Vicini C, et al: A systematic com-

parison of factors that could impact treatment recommendations

for patients with Positional Obstructive Sleep Apnea (POSA).

Sleep Med 2018; 50:145–151
951

ocial Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0001
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0001
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0001
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0004
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0004
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0007
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0007
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0009
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0009
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0010
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0010
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0010
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0011
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0011
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0011
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0013
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0013
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0013
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0013
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0015


Older Age is Associated With Positional Obstructive Sleep
16. Joosten SA, O’Driscoll DM, Berger PJ: Supine position related

obstructive sleep apnea in adults: pathogenesis and treatment.

Sleep Med Rev 2014; 18(1):7–17

17. Iannella G, Magliulo G, Lo Iacono CAM, et al: Positional obstruc-

tive sleep apnea syndrome in elderly patients. Int J Environ Res

Public Health 2020; 17(3):1120

18. Mo JH, Lee CH, Rhee CS, et al: Positional dependency in Asian

patients with obstructive sleep apnea and its implication for

hypertension. Arch Otolaryngol Head Neck Surg 2011; 137

(8):786–790

19. Kim KT, Cho YW, Kim DE, et al: Two subtypes of positional

obstructive sleep apnea: supine-predominant and supine-iso-

lated. Clin Neurophysiol 2016; 127(1):565–570

20. Oksenberg A, Silverberg DS, Arons E, et al: Positional vs nonposi-

tional obstructive sleep apnea patients: anthropomorphic, noc-

turnal polysomnographic, and multiple sleep latency test data.

Chest 1997; 112(3):629–639

21. Richard W, Kox D, den Herder C, et al: The role of sleep position

in obstructive sleep apnea syndrome. Eur Arch Otorhinolaryngol

2006; 263(10):946–950

22. Eikermann M, Jordan AS, Chamberlin NL, et al: The influence of

aging on pharyngeal collapsibility during sleep. Chest 2007; 131

(6):1702–1709

23. Singh S, Bajorek B: Defining ‘elderly’ in clinical practice guidelines

for pharmacotherapy. Pharm Pract (Granada) 2014; 12(4):489

24. American Academy of Sleep Medicine: The AASM Manual for the

Scoring of Sleep and Associated Events: Rules, Terminology and

Technical Specifications. Westchester, IL: American Academy of

Sleep Medicine, 2007

25. Rosenbaum PR, Rubin DB: The central role of the propensity

score in observational studies for causal effects. Biometrika

1983; 70:41–55

26. Staffa SJ, Zurakowski D: Five steps to successfully implement and

evaluate propensity score matching in clinical research studies.

Anesth Analg 2018; 127(4):1066–1073

27. Cartwright RD: Effect of sleep position on sleep apnea severity.

Sleep 1984; 7(2):110–114

28. Bignold JJ, Mercer JD, Antic NA, et al: Accurate position monitor-

ing and improved supine-dependent obstructive sleep apnea

with a new position recording and supine avoidance device. J

Clin Sleep Med 2011; 7(4):376–383

29. Sunnergren O, Brostr€om A, Svanborg E: Positional sensitivity as a

confounder in diagnosis of severity of obstructive sleep apnea.

Sleep Breath 2013; 17(1):173–179

30. Eiseman NA, Westover MB, Ellenbogen JM, et al: The impact of

body posture and sleep stages on sleep apnea severity in adults.

J Clin Sleep Med 2012; 8(6):655., -66A
952

Descargado para Anonymous User (n/a) en National Library of Health and S
Para uso personal exclusivamente. No se permiten otros usos sin autorizaci
31. Joosten SA, Hamza K, Sands S, et al: Phenotypes of patients with

mild to moderate obstructive sleep apnoea as confirmed by clus-

ter analysis. Respirology 2012; 17(1):99–107

32. Teerapraipruk B, Chirakalwasan N, Simon R, et al: Clinical and

polysomnographic data of positional sleep apnea and its predic-

tors. Sleep Breath 2012; 16(4):1167–1172

33. Mo JH, Lee CH, Rhee CS, et al: Positional dependency in Asian

patients with obstructive sleep apnea and its implication for

hypertension. Arch Otolaryngol Head Neck Surg 2011; 137

(8):786–790

34. Mezzanotte WS, Tangel DJ, White DP: Waking genioglossal elec-

tromyogram in sleep apnea patients versus normal controls (a

neuromuscular compensatory mechanism). J Clin Invest 1992;

89(5):1571–1579

35. Jan MA, Marshall I, Douglas NJ: Effect of posture on upper airway

dimensions in normal human. Am J Respir Crit Care Med 1994;

149(1):145–148

36. Elliott AR, Shea SA, Dijk DJ, et al: Microgravity reduces sleep-dis-

ordered breathing in humans. Am J Respir Crit Care Med 2001;

164(3):478–485

37. Malhotra A, Huang Y, Fogel R, et al: Aging influences on pharyn-

geal anatomy and physiology: the predisposition to pharyngeal

collapse. Am J Med 2006; 119(1):72., e9-14

38. Stanchina ML, Malhotra A, Fogel RB, et al: The influence of lung

volume on pharyngeal mechanics, collapsibility, and genioglos-

sus muscle activation during sleep. Sleep 2003; 26(7):851–856

39. Cho SJ, Stout-Delgado HW: Aging and lung disease. Annu Rev

Physiol 2020; 82:433–459

40. Kim DK, Lee IH, Lee BC, et al: Effect of sleep disturbance on cog-

nitive function in elderly individuals: a prospective cohort study.

J Pers Med 2022; 12(7):1036

41. Davies CR, Harrington JJ: Impact of obstructive sleep apnea on

neurocognitive function and impact of continuous positive air

pressure. Sleep Med Clin 2016; 11(3):287–298

42. Castronovo V, Scifo P, Castellano A, et al: White matter integrity

in obstructive sleep apnea before and after treatment. Sleep

2014; 37(9):1465–1475

43. Martinez-Garcia MA, Valero-S�anchez I, Reyes-Nu~nez N, et al: Con-
tinuous positive airway pressure adherence declines with age in

elderly obstructive sleep apnea patients. ERJ Open Res 2019; 5

(1):00178–02018

44. Colelli DR, Kamra M, Rajendram P, et al: Predictors of CPAP

adherence following stroke and transient ischemic attack. Sleep

Med 2020; 66:243–249, Feb

45. Park P, Kim J, Song YJ, et al: Influencing factors on CPAP adher-

ence and anatomic characteristics of upper airway in OSA sub-

jects. Medicine (Baltimore) 2017; 96(51):e8818
Am J Geriatr Psychiatry 31:11, November 2023

ocial Security de ClinicalKey.es por Elsevier en noviembre 16, 2023. 
ón. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0018
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0018
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0018
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0018
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0019
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0019
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0019
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0020
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0020
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0020
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0020
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0021
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0021
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0021
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0027
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0027
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00311-1/sbref0045

	Older Age is Associated With Positional Obstructive Sleep Apnea
	INTRODUCTION
	METHODS
	Participants
	Measurements and Categorizing Age Group
	Polysomnography and Outcomes
	Statistical Analysis

	RESULTS
	DISCUSSION
	DISCLOSURES
	AUTHOR CONTRIBUTIONS
	ARTICLE SUMMARY
	ACKNOWLEDGMENTS

	References


