
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/314112739

Utility of home sleep apnea testing in high-risk veterans

Article  in  Sleep and Breathing · September 2017

DOI: 10.1007/s11325-017-1467-8

CITATIONS

4
READS

46

3 authors, including:

Some of the authors of this publication are also working on these related projects:

Narcolepsy View project

The MSLT Project: The Enigma of Hypersomnia View project

Alyssa Cairns

SleepMed, Inc.

27 PUBLICATIONS   400 CITATIONS   

SEE PROFILE

Richard K Bogan

Medical University of South Carolina, SleepMed Inc

143 PUBLICATIONS   2,085 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Alyssa Cairns on 26 February 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/314112739_Utility_of_home_sleep_apnea_testing_in_high-risk_veterans?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/314112739_Utility_of_home_sleep_apnea_testing_in_high-risk_veterans?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Narcolepsy-12?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/The-MSLT-Project-The-Enigma-of-Hypersomnia?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alyssa-Cairns?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alyssa-Cairns?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alyssa-Cairns?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Richard-Bogan?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Richard-Bogan?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Richard-Bogan?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alyssa-Cairns?enrichId=rgreq-ccc2aa8a35d6a4e29bf4bfae2981e8ac-XXX&enrichSource=Y292ZXJQYWdlOzMxNDExMjczOTtBUzo3MzA1NzQwNjI4OTEwMTBAMTU1MTE5MzgzODMwMA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Author's Personal Copy

SLEEP BREATHING PHYSIOLOGYAND DISORDERS • ORIGINAL ARTICLE

Utility of home sleep apnea testing in high-risk veterans

Alyssa Cairns1 & Kathleen Sarmiento2 & Richard Bogan1,3,4

Received: 23 August 2016 /Revised: 12 January 2017 /Accepted: 23 January 2017
# Springer-Verlag Berlin Heidelberg 2017

Abstract
Purpose Many Veterans Affairs Medical Centers (VAMCs)
have implemented home sleep apnea testing (HSAT) in lieu
of traditional in-lab testing to establish a timely and cost-
sensitive diagnosis of obstructive sleep apnea (OSA).
However, concern remains for the sensitivity and specificity
of said technology in this population as many veterans are at
increased risk for many of the comorbid conditions that can
limit the accuracy of HSAT results. Hence, the purpose of this
study is to evaluate rate of incongruent outcomes (e.g., nega-
tive HSAT results despite high clinical symptomology) as well
as differences in study quality metrics and predictors of OSA
between veteran sleep patients and general sleep patients be-
ing evaluated by a home sleep test.
Methods A random sample of HSAT outcomes from 1500
veterans and 1500 general sleep clinic patients was retrieved
from a repository of anonymized HSAT outcomes from 2009
to 2013. General sleep clinic data were from patients referred
for home sleep testing from a variety of clinical practices
across North America, whereas VAMC patients were tested

using a central dissemination process. All patients were tested
for OSA using the Apnea Risk and Evaluation System
(ARES), an HSAT that simultaneously records airflow, pulse
oximetry, snoring, accelerometry, and EEG. Sample differ-
ences and rates of comorbidities, HSAT outcomes, predictors
of OSA, and pretest OSA risk information were evaluated
between groups. The presence of OSA was defined as an
apnea-hypopnea index (AHI; using 4% desaturation criterion)
of ≥5 and ≥15 events per hour. Sample differences in predic-
tors of OSAwere evaluated using logistic multiple regression.
Results Veterans (91.3% male) were more likely to report co-
morbidities, especially depression, insomnia, hypertension,
diabetes, restless legs syndrome (RLS), and use of sleep and
pain medications compared to general sleep clinic patients
(57.1% male). Despite differences in the rate of medical co-
morbidities, no differences were observed between groups
with regard to rates of positive studies, study integrity indica-
tors, or predictors of OSA. Veterans, on average, had 30 min
less recording time compared to those in the general clinic
sample (p < .01). However, these differences did not impact
the amount of the record that was deemed valid nor were
veterans more likely to have wakefulness after sleep onset.
Predictors of OSA for both groups included advancing age,
and increased measures of adiposity (neck circumference and
BMI). Mean AHI and respiratory disturbance index (RDI)
were statistically similar for both groups and were similar
for sleep stage and position.
Conclusions Home sleep apnea testing for the diagnosis of
OSA appears to yield similar results for VAMC patients
deemed at high risk for OSA as it does with general sleep
clinic patients.
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Introduction

Obstructive sleep apnea syndrome (OSA) is a serious medical
condition associated with impairment in nearly all perfor-
mance, cognitive, emotional, and health-related domains [1]
as well as significant increases in direct and indirect medical
costs [2]. In the general population, OSA has been estimated
to occur in up to 9% of women and 17% of men [3]. However,
the prevalence of OSA is estimated to be up to four times
higher in veterans as they are older, mostly male, and more
likely to engage in lifestyle choices (e.g., use tobacco and
alcohol) that increase the risk for sleep-disordered breathing
[4–6]. Research has generally suggested that the prevalence of
OSA in veterans ranges between 16 and 36%, depending on
sample characteristics and how OSA is measured and defined
[7–9]. Unfortunately, many Veterans Affairs Medical
Centers (VAMCs) are plagued by limited numbers of
sleep-trained personnel and in-laboratory diagnostic re-
sources, leading to long wait times and a likely gross
underestimation of the true prevalence of OSA in vet-
erans [9].

To improve access to care, many VAMCs have implement-
ed home sleep apnea testing (HSAT) in lieu of traditional in-
lab testing to establish the diagnosis of OSA. Home sleep
apnea tests are limited channel devices designed to test for
the presence of sleep-disordered breathing in the patient’s
home. Home sleep apnea tests vary in terms of technical meth-
odology and complexity, but typically acquire data on airflow,
heart rate, oxygen saturation, and respiratory effort/move-
ment. Home sleep testing can be a reliable, valid alternative
for carefully screened patients with a high pretest probability
of moderate to severe OSA without underlying complicating
sleep/wake disorders or other significant medical conditions
that may hinder accurate results [10]. Because veterans are at
an increased risk for many of the comorbid conditions current-
ly recommended as exclusion criteria for HSATeligibility [10]
including congestive heart failure [11], pulmonary disease
[12], insomnia [5, 13], and restless legs syndrome [5], concern
remains for the sensitivity and specificity of HSAT devices in
this population. Thus, the purpose of this study is to evaluate
differences in rate of incongruent outcomes (e.g., negative
HSAT results despite high clinical symptomology), study
quality metrics, and predictors of OSA between veterans and
general sleep clinic patients being evaluated by home sleep
testing.

Methods

Device and definitions

All patients were tested for OSA using the Apnea Risk and
Evaluation System (ARES). The ARESmodel 610 consists of

a head-worn Unicorder©, integrated OSA risk assessment,
web-based data management platform, study quality review,
and physician interpretation. The ARES simultaneously re-
cords airflow by nasal pressure via nasal cannula, oxygen
saturation (SpO2) and heart rate by forehead reflectance pulse
oximetry, snoring via acoustic microphone, and head position/
movement via forehead accelerometry. Electroencephalogram
data is recorded from two frontal lobe derivations (FP1 and
FP2) which is used to discriminate rapid eye movement
(REM) from non-REM sleep [14]. The device’s algorithm
estimates sleep time using surrogate behavioral indica-
tors of quiescence (non-movement and regularity in na-
sal flow and/or snoring) [15].

The ARES model 610 and associated autoscoring algo-
rithm has demonstrated adequate sensitivity (.98) and speci-
ficity (.84) when compared to simultaneously recorded
polysomnography (PSG) using an apnea-hypopnea index
(AHI) cutoff of ≥5 events per hour (4% desaturation) [16].
Automated respiratory event analysis scores obstructive
events as apnea when flow is reduced by ≥90% for ≥10 s
and a hypopnea when flow is reduced by ≥50% for ≥10 s
and is associated with a ≥4% desaturation. Flow-limited
events are scored when a hypopnea terminates with ≥1 surro-
gate arousal indicators (abrupt movement, snoring, or pulse
rate) and a ≥1% desaturation. Flow limited events scored by
the ARES approximate respiratory effort-related arousals
(RERAs) acquired via attended PSG. The AHI and RDI are
tabulated as the average number of apneas and hypopneas
(4%) per hour of valid recording time and the average number
of apneas, hypopneas, and flow-limited events per hour of
valid recording time, respectively. For the ARES, valid re-
cording time is defined as the length of the sleep period [time
in bed] minus periods where the person appears to be awake
after sleep onset (gross movements) and periods of poor signal
integrity.

Quantification of pretest OSA risk

The ARES pretest screening questionnaire quantifies OSA
risk (none, low, high) based on self-reported symptoms of
OSA (snoring, witnessed apneas, and sleepiness) as well as
anthropomorphic risk factors (BMI and neck circumference)
and common comorbid medical risk factors (hypertension,
diabetes, cardiovascular disease, and stroke) [17]. Data on
sleepiness is acquired from the Epworth Sleepiness Scale
[18]. The screener also inquires about potentially contraindi-
cated sleep/wake conditions (insomnia, restless legs syndrome
[RLS], and narcolepsy) as well as medical conditions that may
reduce the accuracy of HSAT (lung disease, insomnia, etc.)
The questionnaire has demonstrated adequate sensitivity (.94)
and specificity (.79) compared to outcomes from the ARES
using an AHI 4% cutoff of ≥5 events per hour in high-risk
patients [17].

Sleep Breath



Author's Personal Copy

Data collection

A random sample of 3000 studies was selected from
SleepMed’s repository of anonymized HSAT test outcomes.
A sample of 1500 studies were selected from the general pop-
ulation of ARES studies conducted between 2009 and 2013,
which at the time was comprised of over 300K studies. An
additional 1500 studies were randomly selected from the
ARES veteran database, which at the time was comprised of
approximately 3300 studies conducted between 2009 and
2013. All studies from both samples were conducted using
the ARES model 610 and were ordered and interpreted by a
variety of providers including board-certified sleep specialists,
pulmonologists, neurologists, general practitioners, dentists,
etc. All data were autoscored by an automated algorithm
[16] and human-edited by a registered sleep technologist prior
to physician interpretation.

All patients in the VA sample were tested using the
SleepMed at Home model for home sleep testing. The
SleepMed at Home model is an alternative to traditional de-
ployment of home sleep testing out of the physician’s office,
which was the method used for the general clinic sample. In
the SleepMed at Home model, an ARES is physician-ordered
and mailed from a central location to the patient’s home for
use. Prior to the device being sent to the patient’s home, a
human coach calls the patient to instruct them on fitting and
use as well as answer any questions the patient may have. A
coach then recontacts the patient the morning after to evaluate
study completeness and subjective testing adequacy. The pa-
tient would be instructed to complete an additional night if, for
example, the device fell off mid-sleep or if the patient had
difficulty sleeping comfortably. It is important to note that
approximately 50% of the VA sample had a default order to
complete two consecutive nights as opposed to the traditional
single night as per standard in the general clinic sample. When
more than one study night is collected, study outcomes are
automatically aggregated over the number of study nights col-
lected (AHI, RDI, recording time, etc.). The device is then
returned to the same central location for data processing and
human editing. Upon evaluation from a central IRB, the study
was deemed exempt from human subjects review.

Data analyses

After random sampling, the two samples were merged into
one smaller database for statistical analyses using SPSS 23.0
(SPSS Inc., Chicago, IL). Descriptive analyses were complet-
ed to analyze the shape, central tendency, and dispersion of all
variables. Because the samples were unequally comprised of
males, all analyses were split by sex. Differences in continu-
ous variables were analyzed using univariate analysis of var-
iance (ANOVA), and differences between nominal or dichot-
omous variables were analyzed using chi-square (χ2).

Logistic multiple regression was conducted to evaluate pre-
dictors of OSA for each analytic group. Effect sizes (phi co-
efficient (Φ), eta squared (η2), and odds ratios (OR) with
Nagelkerke R2) were calculated to estimate comparison ro-
bustness because a power analysis was not conducted. All
comparisons were two-tailed and P values <.05 were consid-
ered statistically significant.

Results

Demographics and medical comorbidities

The vast majority of the VAMC sample consisted of males,
whereas there was a more even distribution of males and fe-
males in the general clinic sample (Table 1). Females in the
VAMC sample were younger and leaner than females in the
general clinic sample (Table 1). Both males and females in the
VAMC sample were more likely to report clinical levels of
sleepiness (ESS ≥10). Patients in the VAMC sample were
more likely to report a history of depression and use of sleep
and pain medications (Table 2). Controlling for sex, VAMC
patients were over three times as likely to report a history of
depression compared to those in the general clinic sample (OR
3.5 [95% CI 2.9–4.2]; χ2 (2, 2873) = 218.9, p < .001;
R2 = .10). The prevalence of self-reported depression in fe-
male veteran patients was strikingly high at 62.3%. Likewise,
controlling for sex, VAMC patients were 3.1 ([95% CI 2.5–
3.8]; χ2 (2, 2873) = 135.6, p < .001; R2 = .07) and 2.6 ([95%
CI 2.2–3.2]; χ2 (2, 2873) = 96.9, p < .001; R2 = .05) times
more likely to report use of sleep and pain medications com-
pared to the general clinic sample, respectively. Males, but not
females in the VAMC sample, were more likely to report a
history of hypertension, insomnia, diabetes, and restless legs
syndrome compared to the general clinic sample (Table 2).
The samples were not significantly different for self-reported
lung disease, stroke, and heart disease.

HSAT outcomes

Despite differences in the rate of medical comorbidities,
no differences were observed between groups with regard
to HSAT test outcomes. Mean AHI and RDI were statis-
tically similar for both groups and were similar for sleep
stage and position (Table 3). As one can see in Fig. 1,
modal sleep apnea severity was Bmild^, and approximate-
ly 42% of both groups had AHI’s in the moderate to
severe range. Any differences observed in test outcomes
were attributable to sex differences in that females (re-
gardless of group) generally had test results indicative of
less severe OSA (Table 3).

Sleep Breath
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Predictors of OSA

Both groups had similar predictors of OSA (defined as AHI ≥5)
and included advancing age, neck circumference, and obesity
(BMI ≥30 kg/m2). These factors remained robust predictors even
after controlling for sex and various medical conditions
(Table 4). Sex was a significant independent predictor of
OSA in the general sample but not in the VAMC sam-
ple. Medical conditions that one typically associates
with OSA (e.g., hypertension, diabetes, and heart dis-
ease) were robust predictors of OSA for both groups
in unadjusted models, but lost predictive strength after
controlling for age, sex, and measures of adiposity. In
neither group was sleepiness (ESS >10), depression, in-
somnia, nor use of pain medication associated with
OSA. Interestingly, in the VAMC sample only, use of
sleep medication was associated with less risk for OSA.

Rate of incongruent outcomes

More patients in the VAMC group were deemed at high risk for
OSA using the ARES OSA risk questionnaire compared to the
general sample (97.0 vs. 88.6%;χ2 = (1, 3000) = 75.2, p < .001).

Of these high-risk individuals, approximately 80% of both
groups had an AHI ≥5, and approximately 45% had an AHI
≥15 (Fig. 2).

This means that approximately 20% of those deemed at high
risk in both groups had normal overall AHI’s (AHI ≤5).
However, this group with Bincongruent outcomes^ (normal
AHI despite high risk for OSA) did have slightly elevated
RDI’s(mean=9.2±4.7),especially inREM(mean=14.0±10.4).
A multivariate logistic regression analysis revealed that, control-
ling for various comorbidities, study quality parameters, and age,
unique predictors of this incongruent outcome were female sex
(OR 2.54 [95% CI 1.93–3.33]; χ2 = 44.6, p < .001), a BMI <30
(OR 1.71 [95% CI 1.30–2.25]; χ2 = 14.7, p < .01), and use of
sleep medication (OR 1.61 [95% CI 1.21–2.14]; χ2 = 10.5,
p < .01). Group did not account for significant variance in this
phenotype. Another incongruent outcomewas an abnormal AHI
in the absence of pretest risk for OSA. This groupwas very small
and did not vary by group (31 had an AHI ≥5 and 11 had AHI
≥15; Fig. 2). Advancing agewas the only unique predictor of this
phenotype in adjusted multivariate logistic regression models,
accounting for 42% of the variance (OR 1.13 [95% CI 1.05–
1.21];χ2= 12.2, p< .001). Themajority of thosewith anAHI ≥5
had AHI’s in the mild range (mean AHI = 13.5 ± 9.4).

Table 1 Demographics of VA
and general sleep clinic samples
of patients being tested for OSA
using HSAT

Overall

n = 3000

General sample

n = 1500

(57.1% male)

VA sample

n = 1500

(91.3% male)

Analysesa

Age (yr)

Female

Male

53.0 ± 14.2

51.9 ± 14.6

53.3 ± 14.0

53.1 ± 14.8

52.9 ± 15.1

53.2 ± 14.8

52.8 ± 13.5

47.1 ± 11.0

53.4 ± 13.6

GxS: F(3, 2748) = 16.4;
p < .001; η2 = .01

F: η2 = .02

M: n/s

BMI (kg/m2)

Female

Male

34.9 ± 7.4

39.6 ± 8.3

33.3 ± 6.4

37.6 ± 8.0

41.1 ± 7.8

34.9 ± 6.9

32.6 ± 6.0

33.3 ± 7.3

32.5 ± 5.9

GxS: F(3, 2748) = 56.6;
p < .001; η2 = .02

F: η2 = .14

M: η2 = .03

Neck circumference (in.)

Female

Male

16.8 ± 3.1

15.2 ± 3.8

17.4 ± 2.6

16.4 ± 4.0

15.3 ± 4.1

17.2 ± 3.6

17.3 ± 1.9

14.9 ± 2.2

17.5 ± 1.8

S: F(1, 2871) = 149.0;
p < .001; η2 = .07

ESS

Female

Male

10.0 ± 5.7

9.4 ± 5.5

10.2 ± 5.7

9.0 ± 5.4

9.0 ± 5.4

9.0 ± 5.4

10.9 ± 5.8

11.3 ± 5.3

10.8 ± 5.8

G: F(2, 2869) = 26.8;
p < .001;η2 = .03

ESS ≥10 (%)

Female

Male

48.6%

47.0%

52.0%

44.6%

42.1%

44.9%

56.6%

50.6%

56.3%

χ2 = (1, 3000) = 41.8,
p < .001, Φ = 0.12

F: Φ = 0.12

M: Φ = 0.11

Values represent mean ± standard deviation

BMI body mass index, ESS Epworth Sleepiness Scale
a Analyses represent univariate ANOVA (continuous variables) with pairwise comparisons for significant inter-
action effects; G: main effect of group (VAvs. general clinic); S: main effect of sex; GxS: interaction of group by
sex; chi-square analyses (dichotomous variables) split by sex (F: differences between females; M: difference
between males); bolded numerical values represent comparisons that reached statistical significance.

Sleep Breath



Author's Personal Copy

Study quality metrics (Table 5)

Because patients in the VA sample weremore likely to havemore
than one night of data collection, number of study nights was
added as a covariate to all analyses of study quality. As seen in

Table 5, VAMC patients, on average, had 30 min less recording
time compared to those in the general clinic sample. However,
these differences did not impact the amount of the record that was
deemed valid (i.e., valid recording time) nor were VAMCpatients
more likely to have wakefulness after sleep onset.

Table 2 Self-reported medical
conditions: VA and general sleep
clinic samples

Medical conditionsa

(%)
Overall

n = 3000

General
sample

n = 1500

(57.1% male)

VA sample

n = 1500

(91.3%
male)

Analysesb

Hypertension

Female

Male

51.2%

45.1%

53.3%

45.0%

45.9%

44.3%

57.4%

41.2%

58.9%

χ2 = (1, 2873) = 35.3, p < .001,
Φ = .11

F: n/s

M: Φ = .13

Depression

Female

Male

34.9%

42.9%

32.1%

25.7%

38.9%

15.8%

44.1%

62.3%

42.3%

χ2 = (1, 2873) = 99.7, p < .001,
Φ = .19

F: Φ = .18

M: Φ = .27

Insomnia

Female

Male

19.7%

23.9%

18.2%

17.5%

23.3%

13.1%

21.9%

26.7%

21.4%

χ2 = (1, 2873) = 6.6, p < .05, Φ = .05

F: n/s

M: Φ = .13

Sleep medication

Female

Male

24.8%

26.4%

24.3%

16.6%

22.2%

12.4%

33.0%

46.6%

31.7%

χ2 = (1, 2873) = 98.3, p < .001,
Φ = .19

F: Φ = .20

M: Φ = .21

Diabetes

Female

Male

21.8%

18.6%

22.9%

17.7%

19.0%

16.8%

25.9%

16.8%

26.7%

χ2 = (1, 2873) = 24.1, p < .001,
Φ = .09

F: n/s

M: Φ = .11

Heart disease

Female

Male

14.7%

12.3%

15.5%

13.3%

12.6%

13.9%

16.0%

10.7%

16.5%

n/s

Restless legs

Female

Male

13.0%

14.1%

12.6%

10.7%

13.2%

8.9%

15.3%

18.3%

15.0%

χ2 = (1, 2873) = 11.1, p < .005,
Φ = .06

F: n/s

M: Φ = .08

Lung disease

Female

Male

8.9%

9.4%

8.7%

8.2%

9.3%

7.4%

9.6%

9.9%

9.6%

n/s

Stroke

Female

Male

4.3%

3.0%

4.8%

3.7%

3.3%

4.0%

4.9%

1.5%

5.3%

n/s

Pain medication

Female

Male

22.6%

20.9%

23.2%

15.1%

19.4%

11.9%

30.1%

28.2%

30.3%

χ2 = (1, 2873) = 87.5, p < .001,
Φ = .17

F: Φ = .08

M: Φ = .21

a% endorsed yes to Bhave you been diagnosed or treated for any of the following conditions?^
b Analyses represent chi-square analyses to test for group differences (VAvs. general clinic). Analyses were also
split by sex (F: differences between females, M: difference between males) if overall chi-square was significant;
bolded numerical values represent comparisons that reached statistical significance.

Sleep Breath



Author's Personal Copy

Discussion

Home sleep apnea testing for the diagnosis of OSA appears to
have similar results for high-risk VAMC patients as it does with

general sleep clinic patients. This conclusion is based on the
finding that predictors of OSA, rates of positive studies in high-
risk patients, and study quality indicators were very similar for
both groups. This is encouraging in light of the use of a

Table 3 HSAT outcomes: VA
and general clinic samples Breathing Data Overall

n = 3000

General sample

n = 1500

(57.1% male)

VA sample

n = 1500

(91.3% male)

Analysesa

AHI (events/h)

Female

Male

18.3 ± 18.8

12.7 ± 15.0

20.3 ± 20.0

17.8 ± 18.9

13.0 ± 15.2

21.4 ± 20.6

19.0 ± 18.7

11.2 ± 13.6

19.6 ± 18.9

S: F(1, 2976) = 74.6; p < .001; η2 = .02

RDI (events/h)

Female

Male

28.8 ± 20.6

22.5 ± 18.1

31.0 ± 21.0

28.3 ± 20.7

22.8 ± 18.3

32.4 ± 21.5

29.3 ± 20.5

20.8 ± 17.0

30.1 ± 20.6

S: F(1, 2976) = 76.6; p < .001; η2 = .02

Supine AHI

Female

Male

22.5 ± 23.0

15.2 ± 18.6

25.0 ± 23.8

21.8 ± 23.0

15.5 ± 18.7

26.6 ± 24.7

23.2 ± 22.9

14.2 ± 17.7

24.1 ± 23.1

S: F(1, 2976) = 77.2; p < .001; η2 = .03

Supine RDI

Female

Male

34.2 ± 25.5

26.0 ± 22.9

37.0 ± 25.8

33.5 ± 25.7

26.3 ± 23.0

38.9 ± 26.3

34.8 ± 25.3

24.8 ± 22.4

35.8 ± 25.4

S: F(1, 2976) = 78.7; p < .001; η2 = .03

REM AHI

Female

Male

22.8 ± 23.8

16.3 ± 19.6

25.1 ± 24.7

21.7 ± 23.7

16.7 ± 20.2

25.5 ± 25.3

23.9 ± 23.8

14.5 ± 15.9

24.8 ± 24.3

S: F(1, 2976) = 56.0; p < .001; η2 = .02

REM RDI

Female

Male

34.9 ± 25.2

28.9 ± 23.1

37.0 ± 25.6

34.1 ± 25.2

29.3 ± 23.5

37.7 ± 25.8

35.8 ± 25.2

27.1 ± 20.5

36.6 ± 25.4

S: F(1, 2976) = 43.7; p < .001; η2 = .02

Values represent mean ± standard deviation; heart rate (beats per minute) and oxygen saturation (SP02) acquired
from forehead reflectance pulse oximetry; bolded numerical values represent comparisons that reached statistical
significance.

AHI apnea-hypopnea index, RDI respiratory disturbance index
a S: main effect of sex

Fig. 1 Apnea-hypopnea index
distribution as per HSAT
outcomes: comparison between
VAMC patients and general clinic
samples
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nontraditional deployment of diagnostic testing in VAMC pa-
tients who are at a higher risk for comorbid medical conditions
including congestive heart failure, moderate to severe pulmonary
disease, neuromuscular diseases, and spinal cord injuries, all
which may compromise the accuracy of home testing. Further,
it has also become widespread practice for VAMC providers to
refer patients for HSAT in the presence of a variety of other
comorbidities including mood disorders, PTSD, insomnia, ar-
rhythmias, glaucoma, nocturia, or when nearly any sleep-
related complaint arises such as snoring and sleep disturbance.
These patients are often found to have sleep-disordered breathing
on home testing and while they face the same barriers to com-
pliance as the general population, often benefit from treatment.
More data is thus needed on the use of HSAT in those with
contraindications and exclusions, as existing guidelines could
be expanded with sufficient evidence.

The higher prevalence of comorbidities in veterans com-
pared to general clinic populations was remarkable,

particularly the use of medications to treat pain and insomnia.
The use of chronic opiates in veterans places them at greater
risk of respiratory depression and ventilatory instability [20].
Veterans may also be at risk for more complicated sleep man-
agement as their high report of depression and use of sleep
medication may indicate undiagnosed insomnia or other con-
comitant mental health conditions. The finding that male sex
was not a predictor of OSA for veterans is likely due to insuf-
ficient power due to very few females in the sample. The
finding that OSAwas less prevalent in veterans that endorsed
the use of sleep medication may indicate another underlying
primary sleep/wake disorder.

The result that roughly 20% of both samples had AHI’s
within normal limits despite presenting with high clinical
risk for OSA is important as it could mean a false positive
pretest screening, another primary sleep disorder (because
of the high use of sleep medications in veterans), or mild
sleep-disordered breathing (based on the elevated RDI)

Table 4 Adjusted Logistic
Regression Analyses of
Predictors of OSA (AHI ≥ 5)

Analysesa

General sample VA sample

Predictor β χ2 p Odds ratio [95%
CI]

β χ2 p Odds ratio [95%
CI]

Age (yr) 0.05 80.8 p < .001 1.05
[1.04–1.07]

0.05 64.2 p < .001 1.06
[1.04–1.07]

Obeseb n/s 0.53 8.6 p < .01 1.70
[1.19–2.42]

Neck Circ.
(in.)

0.15 18.5 p < .001 1.17
[1.09–1.25]

0.24 19.4 p < .001 1.23
[1.14–1.41]

Sex (male) .72 18.7 p < .001 2.05
[1.48–2.85]

n/s

Sleep
medication

n/s 0.62 9.0 p < .01 0.62
[0.46–0.85]

a Model controls for hypertension, heart disease, diabetes, and stroke
b BMI ≥30 kg/m2

Pre-Test OSA Risk and Test Outcome (AHI ≥5) 
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Pre-Test OSA Risk and Test Outcome (AHI ≥15) 

n=5/19

n=26/60

n=48/99

n=973/1239 n=1129/1411

n=11/25

n=1/19

n=10/60 n=18/99

n=553/1239 n=616/1411

n=16/25

Fig. 2 Pretest risk for OSA compared to actual HSAT study outcomes

Sleep Breath



Author's Personal Copy

that warrants more comprehensive evaluation and man-
agement. Further, the finding that females were more like-
ly to manifest this phenotype may highlight the potential
need for sex appropriate screening algorithms [19]. It is
unknown if these patients went on to have an attended
PSG, PAP therapy for mild OSA, or clinical correlation.
These data warrant further investigation. Likewise, in
both samples, there was a small group of patients with
no risk factors that had abnormal AHI’s. Because the ma-
jority of these patients had mild OSA, this suggests either
a false positive HSAT result or the presence of another
risk factor not identified using traditional screening
questions.

These data support published guidelines [10] that
HSAT is most efficiently used when the patient is
deemed at high clinical (pretest) risk for OSA. This
conclusion is based on the finding that HSAT outcomes
were most reliably positive when clinical risk of OSA
was high. Ann important finding of this study, which is
unique to HSAT devices utilizing EEG monitoring and
accelerometry, is the calculation of both AHI and RDI.
Table 3 presents data demonstrating the AHI and RDI
in REM, non-REM, and supine/non-supine positioning
for both populations. Most HSAT devices do not allow
for the monitoring of state-specific breathing or more
subtle flow-limited events accompanied by increased
sympathetic activity. As such, outcomes from this de-
vice may more closely approximate the AHI and RDI
calculated on in-lab polysomnography. However, the
limitations of type 3 monitoring are critical to

understand, since further testing may be indicated if
results are negative.

Although this study represents one of the largest com-
parisons of veterans versus general patients using home
testing, there are limitations and/or interpretational con-
siderations to be mindful of when drawing conclusions.
First, it is important to consider the results in light of the
sample differences in data collection methods. The
VAMC service had additional supports in place (e.g.,
coaching, quality telephone calls, multiple nights when
necessary, etc.) that may or may not have been in place
when the HSAT was deployed from the physician’s of-
fice. Also, the vast majority of patients referred for
HSAT through the VAMC program were males assessed
as being at high-risk for having OSA (89% general, 97%
veteran). We do not know from these results whether
veterans with nontraditional risk factors (namely females)
can be reliably assessed using HSAT as the number of
patients referred who were low- or no-risk were insuffi-
cient. Also, the general population sample may have in-
cluded veterans who did not elect or qualify to receive
their care through the VA, but were exposed to the same
risk factors and likely afflicted by similar medical co-
morbidities as their VA-based peers. Lastly, it is impor-
tant to note that other devices may record respiratory
effort in order to discriminate between central and ob-
structive events. Although the ARES can be outfitted
with a respiratory belt, this feature is not standard and
as such none of the data in this study was collected with
effort.

Table 5 Study quality metrics
Overall General sample VA sample Analysesa

Total recording timeb

Female

Male

5.9 ± 1.6

6.2 ± 1.4

5.8 ± 1.6

6.2 ± 1.5

6.3 ± 1.4

6.1 ± 1.5

5.7 ± 1.7

5.8 ± 1.6

5.7 ± 1.7

G: F(1, 2925) = 7.3; p
< .01;η2 = .00

Total sleep timec

Female

Male

5.1 ± 1.5

5.2 ± 1.4

5.0 ± 1.6

5.2 ± 1.4

5.3 ± 1.4

5.2 ± 1.5

4.9 ± 1.6

4.9 ± 1.5

4.9 ± 1.6

n/s

Valid recording timed

Female

Male

5.0 ± 1.5

5.2 ± 1.4

5.0 ± 1.6

5.2 ± 1.4

5.3 ± 1.4

5.1 ± 1.5

4.9 ± 1.6

4.9 ± 1.5

4.9 ± 1.6

n/s

% Record awakee

Female

Male

15.2 ± 10.8

16.0 ± 11.1

15.0 ± 10.7

15.7 ± 10.8

16.2 ± 11.2

15.4 ± 10.5

14.8 ± 10.8

15.4 ± 10.8

14.7 ± 10.9

n/s

a G: main effect of group, controlling for number of study nights collected
bDuration of the recording from when the patient turns the device on to when the patient turns the device off
c Duration of the recording where the device deems the person to be asleep based on behavioral indicators (i.e.,
actigraphy, breathing regularity or presence of apneas/hypopneas, and snoring)
d The length of total sleep time minus gross movements and periods of poor signal integrity (denominator of AHI
and RDI)
e Based on actigraphy
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