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Evaluation of a 2-Channel Portable Device and a Predictive Model to
Screen for Obstructive Sleep Apnea in a Laboratory Environment

Jianyin Zou, Lili Meng MD, Yupu Liu MSc, Xiaoxi Xu, Suru Liu PhD, Jian Guan PhD,

Shankai Yin MD PhD, and Hongliang Yi PhD

BACKGROUND: Various portable monitors for identifying obstructive sleep apnea (OSA) have
been investigated and reported to enable accurate recording of OSA severity. However, more
information is needed from different populations. This study was conducted to evaluate the effi-
ciency of a portable 2-channel sleep apnea device (SleepView) for screening OSA in the Chinese
population. METHODS: Ninety-thr ee consecutive subjects underwent ssmultaneous SleepView test-
ing and laboratory polysomnography (PSG) monitoring. Data wer e collected and blindly analyzed.
Theefficiency of the SleepView device and a newly established predictive model for identifying OSA
was evaluated in comparison with PSG. RESULTS: Good agreement was evident between the
SleepView and PSG based on the apnea-hypopneaindex (AHI; r? = 0.84, P < .01). The median AHI
yielded by the SleepView was higher than that of PSG: 33.2 (interquartilerange of 10.5-53.3) versus
19.2 (interquartilerange of 5.2-53.6). The sensitivity and specificity of the SleepView for a PSG AHI
of = 5were 80.28% and 95.45%, respectively, and the cutoff was 16.8. The area under thereceiver
operating curve for PSG AHIs of =5, > 15, and > 30 was 0.923, 0.924, and 0.979, respectively.
When the AHI and oxygen desaturation index calculated by the SleepView were combined with
waist circumference, the new predictive model showed a higher sensitivity of 92.96% and a spec-
ificity of 95.45% for a PSG AHI of = 5, and the corresponding area under the receiver operating
curve was 0.983. CONCLUSIONS: The SleepView device exhibited acceptable diagnostic accuracy
for OSA in the Chinese population, especially in the severe OSA group. A practical predictive model
comprising waist circumference, AHI, and oxygen desaturation index obtained with the SleepView
was highly effective for screening even mild OSA. This simple and practical device may serve as a
useful tool to screen for OSA. Further studies are required to validate the diagnostic efficiency of
the SleepView in the home environment and in different populations. Key words. obstructive sleep
apnea; diagnosis; efficiency; portable monitoring device; predictive model; SeepView; polysomnogra-
phy. [Respir Care 2015;0(0):1—. © 2015 Daedalus Enterprises)

I ntroduction

Obstructive sleep apnea (OSA) is a common disease
characterized by recurrent episodes of apnea and hypop-
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nea during sleep.t This is of particular concern because
morbidity and mortality associated with untreated OSA
have been clearly described in the medical literature.2 Ep-
idemiological evidence indicates that undiagnosed OSA is
independently associated with increased risks of diabetes
mellitus, hypertension, cardiovascul ar diseases, stroke, day-
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time sleepiness, and diminished quality of life.3 Prompt
diagnosis and treatment of OSA can effectively reduce the
risk of developing health consequences and improve gen-
eral quality of life. However, OSA is often not diagnosed
despite improved diagnostic procedures and an increasing
awareness of its health consequences.# Nocturnal labora-
tory-based polysomnography (PSG) is considered time-
consuming, labor-intensive, and costly, although it is the
accepted standard for diagnosing OSA .5 Potentially alter-
native diagnostic methods and tools have not been used
widely due to their limited efficiency or poor reproduc-
ibility.8.7 Therefore, development of a simple and practical
tool to identify patients with OSA is desirable.

Developments in technology allow small portable mon-
itors to be used for the diagnosis of patients with OSA.
Various portable monitors have been investigated. A num-
ber of studies have compared these devices, ranging from
single-channel recorders to units that record a full poly-
somnograph, with laboratory PSG.8-10 Results suggest that
these monitors enable accurate recording of OSA severity.
However, the monitors differ markedly in terms of the
number and type of signals recorded, the sensors used to
record signals, and the electronic processing of the sig-
nals.** No unified platform for diagnosis of OSA is avail-
able. Thus, as Chesson et al2 stated, “results obtained for
aparticular device are applicable to that device and cannot
be extrapolated to other devices, even those of the same
class.” Additionally, some questions remain, for example,
which patients are best suited for portable-monitor test-
ing''? And what shall we do with the population for whom
portable monitors do not work well?

Therefore, we aimed to evaluate the potential value of a
portable device (SleepView, BMC Medical, Beijing,
China), which allows for the inclusion of 2 high-frequency
channels during assessment of cardiorespiratory variables,
for screening OSA in the Chinese population and to im-
prove the diagnostic efficiency. We compared the results
obtained with this device with those obtained by simulta-
neous PSG in a sleep laboratory.

M ethods

Subjects and M easurements

We examined subjects with possible OSA and volun-
teers with no reported snoring (from the control group of
another program) in the sleep center of the Affiliated Sixth
People’ s Hospital of Shanghai Jiao Tong University from
May to July 2013. This study was approved by the ethics
committee of the Affiliated Sixth People's Hospital. In-
formed consent was obtained from all subjects. During the
sleep center visit, all subjects were asked to complete the
Epworth Sleepiness Scale questionnaire and an interna-

2

QUICK LOOK

Current knowledge

Obstructive sleep apnea (OSA) is a common disease,
characterized by recurrent episodes of apnea and hy-
popnea during sleep. Nocturnal |aboratory-based poly-
somnography can be time-consuming, labor-intensive,
and costly, athough it is the accepted standard for di-
agnosing OSA. Portable sleep systems for use in the
home remain controversial with regard to accuracy.

What this paper contributes to our knowledge

A portable 2-channel sleep apnea device exhibited ac-
ceptable diagnostic accuracy for OSA, especially the
severe group. When combined with a practical pre-
dictive model comprising waist circumference, apnea-
hypopnea index, and oxygen desaturation index, it was
highly effective for screening mild OSA. The 2-channel
sleep apnea device might serve as auseful tool to screen
for OSA.

tional visual analog scale for snoring intensity before over-
night PSG. Body habitus was measured in light clothing
and barefeet using standard anthropometric methods. Wai st
circumference was measured midway between the lower
costal margin and the iliac crest, and hip circumference
was measured as the maximal girth at the greater trochan-
ter. Neck circumference was measured at the level of the
cricothyroid membrane while the subject was standing.
These data were recorded as the means of 2 measurements.
Body mass index was calculated as weight divided by
height squared (kg/m?).

Protocol

The protocol for this study involved subjects wearing
the usual equipment for overnight PSG and the SleepView
device. Each recording was eval uated manually by 2 skilled
technicians without knowledge of subject identity or the
results of the other diagnostic system.

PSG

The overnight PSG study included acquisition of stan-
dard PSG signals, obtained via the Alice 4 PSG system
(Philips Respironics, Murrysville, Pennsylvania). The pro-
cedure included: an electroencephalogram (F3, F4, C1,
C3, 01, 02, M1, M2), a bilateral electroculogram, a sub-
mental electromyogram, measurement of oronasal air flow
(thermistor and nasal cannuld), recording of thoracic and
abdominal movements, measurement of S5 , recording of
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Table 1.  Clinical Characteristics of Subjects
- I < =

Clinical Characteristic Aéhsibé%ts Subject?nV\thz?Hl 5 Subject?nV\itr;l/)\Hl 5
Females/males, n 23/70 8/14 15/56
Age (mean = SD), y 434 * 132 40.0 = 13.9 445+ 12.9
BMI (mean = SD), kg/m? 26.6 = 3.6 241+ 35 274+ 33
Neck circumference (mean + SD), cm 388+ 35 36.8 + 3.0 395+ 34
Waist circumference (mean = SD), cm 954 + 10.1 854+ 9.1 98.5 + 8.2
Hip circumference (mean + SD), cm 100.9 = 6.5 95.7 + 5.0 1025+ 6.1
Epworth Sleepiness Scale, median (95% Cl) 8.0 (4.0-12.5) 4.0 (0-8.3) 9.0 (5.0-14.0)
Snoring score, median (95% Cl) 6.0 (3.0-8.0) 1.0 (0-5.0) 7.0 (5.0-9.0)

AHI = apnea-hypopnea index
BMI = body mass index

snoring, an electrocardiogram, and recording of leg move-
ments and body position. PSG records were staged man-
ually according to standard criteria by the same technician.
Respiratory events were scored according to the American
Academy of Sleep Medicine criterial3: apnea was defined
as complete cessation of air flow lasting for = 10 s, and
hypopnea was defined as either a = 50% reduction in air
flow for = 10 sor a < 50% but discernible reductionin air
flow accompanied either by a decrease in oxyhemoglobin
saturation of = 4% or by an arousal. The AHI was defined
as the number of apnea and hypopnea events/h of sleep
time based on the results from overnight PSG.

SleepView Device

The SleepView device is a 2-channel diagnostic tool
designed for screening of sleep-disordered breathing. It
consists of an oronasal cannula pressure transducer for air
flow and a finger pulse oximetry sensor (measuring S,o,
and heart rate). It records oral and nasal air flow, snoring,
blood oxygen saturation, and pulse. The device uses these
recordings to generate areport for screening purposes or to
trigger further clinical investigation. This device is like a
watch and is held in place by a strap worn around the
wrist. The device operates on battery power (3.0V). An
internal memory of ~18 h of continuous operationisavail-
able. The device was set to continue recording for 7 h,
from 10:30 pv to 5:30 awm, as for laboratory PSG. Data
from the SleepView device were downloaded and auto-
matically analyzed by SleepView software. The AHI, av-
erage S,o,, minimum S, percentage of time spent at an
Spo, Of < 90%, and the oxygen desaturation index can be
determined using this device. The AHI for the SleepView
was defined as the number of events of apnea and hypop-
nea/h of recording time, instead of sleep time, because no
sleep time can be defined by the SleepView.
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Statistical Analysis

Continuous variables are presented as mean = SD, with
the exception of skewed variables, which are presented as
median (with interquartile range). Differences between pa-
rameters measured using the 2 tools were examined using
the Mann-Whitney U test, the Wilcoxon rank-sum test, or
the chi-square test, as appropriate. Correlations between
variables were analyzed using Spearman’s rank correla-
tion test. Forward conditional logistic regression analysis
was performed to establish a diagnostic model, combining
parameters from the SleepView. The accuracy of
SleepView data and the diagnostic model compared with
PSG was examined by constructing receiver operating char-
acteristic curves (ROCs) to identify subjects with undiag-
nosed OSA. The sensitivity, specificity, positive and neg-
ative predictive values, positive and negetive likelihood
ratios, and overall test accuracy were calculated for both
SleepView data alone and the diagnostic model to deter-
mine the cutoff values providing maximum diagnostic ef-
ficiency.

We considered 2-sided P values of < .05 to indicate
statistical significance. Statistical analyses were performed
using SPSS 13.0.0 (SPSS, Chicago, Illinois).

Results

A total of 105 consecutive Chinese subjects participated
in the study. Twelve were excluded: 11 with unsuccessful
SleepView recordings, inconsecutive signal of air flow, or
interruption of oxygen signals, and one who failed to fall
asleep. The remaining 93 subjects included 75 subjects
with suspected OSA and 18 volunteers with no reported
snoring. The proportion of males was 75.3%, the mean age
was43.4y, and the average body massindex as 26.6 kg/m?.
The basic demographics and clinical characteristics of the
subjects are shown in Table 1. According to laboratory
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Table 2.  Comparison of the Outcomes of Laboratory PSG and the
SleepView Device

Parameter PSG SleepView P
AHI 19.2(5.2-53.6) 33.2(10.5-53.3)  .005
Hypopnea index 7.0(27-12.0) 18(08-31) <.001
Apnea index 9.2(1.9-39.1) 28.7(8.9-50.2) < .001
CT90% 2.0(0.2-11.9) 1.3(0.1-6.5) 077
Average S0, % 93.9(92.0-95.0) 95.0(93.5-96.0) < .001
Minimum S,.,, % 82.0(73.5-88.0) 78.0(60.0-84.5) < .001
Oxygen desaturation index 22.4(5.649.3) 8.2(2.3-29.7) <.001

Values are presented as median (interquartile range).
PSG = polysomnography

AHI = apnea-hypopnea index

CT90% = percentage of time spent with Syo, < 90%

PSG recordings, the prevalence of an AHI of =5 was
76.3%, the prevalence of an AHI of > 15 was 58.1%, and
the prevalence of an AHI of > 30 was 41.9%. Most sub-
jects reported frequent snoring (80.6%), excessive daytime
sleepiness (62.4%), and witnessed episodes of apnea
(78.5%). By questionnaire assessment, the median Epworth
Sleepiness Scale score was 8.0, and the median snoring
score was 6.0.

SleepView AHI Versus PSG AHI

As shown in Table 2, the median AHI yielded by the
SleepView was higher than that of PSG, 33.2 (interquartile
range of 10.5-53.3) versus 19.2 (interquartile range of
5.2-53.6), and most parameters measured simultaneously
by the SleepView and PSG were significantly different
(P < .01), with the exception of percentage of time spent
a an S0, of <90% (P = .08). This outcome showed a
lower index of hypopnea and a much higher index of
apnea when the SleepView was used. However, the AHI
assessed by the SleepView significantly correlated with
the AHI simultaneously assessed by PSG (r = 0.92,
r2 = 0.84, P < .01) (Fig. 1A). A Bland-Altman plot of
SleepView AHI versus PSG AHI had only 5 (5.4%) out-
liersfor the SleepView, and most of the AHIs measured by
the SleepView fell within 2 SD of the mean PSG value,
indicating that differences were reasonably tightly distrib-
uted (Fig. 1B). ROC curve analysis was used to evaluate
the accuracy of the SleepView in predicting OSA com-
pared with PSG. Figure 2 shows the ROC curves for the
AHI from the SleepView versus the AHI from PSG at
PSG AHI cutoffsof = 5, > 15, and > 30. The areas under
the ROC curves of the AHIs obtained with the SleepView
for the various PSG cutoffs were 0.923, 0.924, and 0.979,
respectively, and the corresponding cutoffs of the AHI
from the SleepView were 16.8, 22.3, and 37.8, respec-
tively. Table 3 shows the sensitivity, specificity, positive
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Fig. 1. A: Correlation of the apnea-hypopnea index (AHI) obtained
with the SleepView device and simultaneous polysomnography
(PSG). B: A Bland-Altman plot of the SleepView AHI versus the
PSG AHI measured simultaneously. The dashed lines indicate the
upper and lower confidence limits, and the solid line indicates the
mean of the differences between the 2 methods of detection.

and negative predictive values, and positive and negative
likelihood ratios of the SleepView test compared with PSG
at various cutoffs.

Establishment of a Predictive Model

To improve the efficiency of the SleepView test for
identifying patients with mild OSA, we explored predic-
tion models combining clinical parameters and parameters
from the SleepView. Using a PSG AHI cutoff of = 5, all
subjects were divided into non-OSA and OSA groups.
Next, we included the clinical parameters shown in Table
1 and the SleepView parameters listed in Table 2 in a
forward logistic regression analysis. Finaly, we generated
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Fig. 2. Receiver operating characteristics curves for the SleepView
and polysomnography apnea-hypopnea index (AHI) at various
thresholds.

a mode: PRE = 1/[1 + exp(0.114 X AHI + 0.920 X
ODI + 0.235 X WC — 27.541)], where ODI = oxygen
desaturation index, and WC = waist circumference. The
area under the ROC curve was 0.983 (95% Cl 0.931—
0.999) for identifying OSA with this predictive model (Fig.
3). The model showed a sensitivity of 92.96% (95% CI
84.33-97.67) and a specificity of 95.45% (95% Cl 77.16—
99.88) at the optimum cutoff of 0.7346.

Discussion

Based on the present work and the standard thresholds
commonly used for diagnosis of OSA by laboratory PSG,
the SleepView afforded high sensitivity and specificity in
identifying OSA, and the performance of the SleepView in
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Fig. 3. Receiver operating characteristics curve for the new diag-
nostic model versus polysomnography at a threshold of the poly-
somnography apnea-hypopnea index of 5. AUC = area under the
curve.

identifying serious OSA was better. When the AHI and
oxygen desaturation index obtained with the SleepView
were combined with waist circumference, our new diag-
nostic model exhibited further enhanced accuracy for di-
agnosis of even mild OSA.

The correlation and Bland-Altman plot analysis demon-
strated very good agreement (at almost all levels) between
the AHIs calculated by PSG and the SleepView. However,
the SleepView AHI was higher than the PSG AHI, with a
lower index of hypopnea and a considerably higher index
of apnea. This suggests that the SleepView will overesti-
mate the AHI compared with PSG. The SleepView device
may have a less sensitive oronasal cannula air-flow pres-
sure transducer, which may identify hypopneaas an apnea.
This may be the reason why the SleepView AHI was

Table 3. Efficiency of OSA Identification by SleepView AHI Versus PSG AHI Using Various Thresholds
e . Positive Negative Positive Negative
e t;e?gfg/v '3’.’) ofpfggo'f'g ) predictive value,  predictive value,  likelihood ratio  likelihood ratio (95,9%) Cutoff
0 (9970 0 (9970 % (95% Cl) % (95% Cl) (95% ClI) (95% ClI) 0

=5 80.28(69.13-88.78) 95.45 (77.16-99.88) 98.28 (90.76-99.96) 60.00 (42.11-76.13) 17.66 (2.59-120.28) 0.21 (0.13-0.33) 0.923 (0.849-0.968) = 16.8
> 15 87.04(75.10-94.63) 84.62 (69.47-94.14) 88.68 (76.97-95.73) 82.50 (67.22-92.66) 5.66 (2.69-11.90) 0.15(0.08-0.31) 0.924 (0.850-0.969) > 22.3
> 30 94.87 (82.68-99.37) 92.59 (82.11-97.94) 90.24 (76.87-97.28) 96.15 (86.79-99.53) 12.81 (4.97-32.98) 0.06 (0.01-0.21) 0.979 (0.925-0.997) > 37.8

N =93

OSA = obstructive sleep apnea

AHI = apnea-hypopnea index

PSG = polysomnography

ROC = receiver operating characteristic
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formed by a lower index of hypopnea and a higher index
of apnea compared with PSG. On ROC curve analysis, the
SleepView measurement had the highest specificity and
sensitivity at an AHI of > 16.8 when used to identify OSA
defined by PSG asan AHI of = 5. Similarly, the SleepView
with an AHI of > 22.3 afforded the greatest accuracy in
terms of identifying moderate and severe OSA defined by
a PSG AHI of > 15, and a SleepView AHI of > 37.8
afforded the greatest accuracy in identifying severe OSA
defined by a PSG AHI of > 30. The SleepView measure-
ment performed better in terms of identifying serious OSA
compared with mild or moderate OSA. This was in line
with previous reports.11.14

In a published guideline for portable monitoring, the
American Academy of Sleep Medicine recommended that
portable monitoring “may be used as an aternative to PSG
for the diagnosis of OSA in patients with a high pretest
probability of moderate to severe OSA.”15 However, by
combining parameters obtained from the SleepView test
with other clinical parameters, we developed a new diag-
nostic model with ahigh sensitivity of 92.96% and a spec-
ificity of 95.45% for identifying OSA defined by a PSG
AHI of = 5; therefore, the model may be satisfactory for
diagnosis of even mild OSA.

An accurate and effective portable device might over-
come the problems associated with PSG, which is the
accepted standard for diagnosis of OSA. PSG is time-
consuming and costly and cannot be used to evaluate large
numbers of patients suspected to have OSA because sleep
centers are rare, particularly in undeveloped regions. Un-
diagnosed OSA and associated complications increase
health-care costs. In contrast, a portable device could re-
duce the price and effort of OSA diagnosis and might
reduce patients' discomfort, with fewer wires compared
with PSG. Additionally, in recent years, there has been a
dramatic shift from PSG to home sleep testing for OSA to
reduce health-care costs associated with OSA by facilitat-
ing diagnosis and enabling more timely therapeutic inter-
vention. Hence, our findings may be potentially helpful for
clinical practice.

Several potential limitations of this study should be con-
sidered. First, data loss was 11.4% (12 of 105 subjects)
principally because the portable device was | eft unattended
throughout the night. Another reason may be discomfort
caused by simultaneous use of 2 instruments, especially
the 2 oronasal cannulas used to monitor air flow. As men-
tioned in other studies, portable monitor recordings are
more likely to suffer a 4—33% data loss, which is more
than laboratory PSG.16:17 Second, we did not perform the
SleepView test in the home. The location of the study (a
sleep laboratory vs the home) may have affected the re-
sults, although no significant differences between labora-
tory and home tests in terms of diagnosis of moderate and
severe OSA have been noted.1418 Third, the AHI calcu-

6

lated by the SleepView device was based on recording
time, not sleep time, which had an effect on the value.
Additionally, all subjects recruited from our sleep center
were Chinese and were suspected to have OSA. Therefore,
the outcomes might be different in the general population
and with different races. The use of the SleepView mon-
itor in the home and with different populations should be
further investigated. Fourth, as a 2-channel device without
chest-wall breathing movement signals, the SleepView is
unable to distinguish between central and obstructive ap-
neas; this may limit the use of the SleepView in certain
studies that require detailed respiratory events.

Conclusions

In this study, the SleepView device afforded acceptable
diagnostic accuracy for OSA. The predictive model, com-
prising waist circumference, AHI, and oxygen desatura-
tion index obtained with the SleepView, enabled highly
effective diagnosis of mild OSA. Our results suggest that
the device could be a complementary tool for screening
OSA. Further studies are required to validate the diagnos-
tic efficiency of the SleepView in ahome environment and
in the general population.
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