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Abstract: Background: Obstructive sleep apnea (OSA) is a common disorder and can lead to many
severe complications; however, the majority of patients remain undiagnosed. Although polysomnog-
raphy (PSG) remains the gold standard of diagnosis, it is usually uncomfortable and costly for
patients. Purpose: The study aims to assess the agreement of the AHI measured by polygraphy (PG)
(Philips Alice NightOne) with that of polysomnography (Philips Alice PDx) simultaneously recorded
in-lab. Methods: A total of 11 voluntary participants over 18 years old underwent one night of
simultaneous PSG and PG recording in sleep laboratories. Studied parameters (AHI, OAI, CAI, MAI,
and minSpO2) were analyzed and reported by the Philips Sleepware G3 software. PSG and PG results
were scored by qualified staff. Results: In terms of AHI, the mean AHI derived from PG was different
from that of PSG—7.78 and 2.37 events/h, respectively. A Bland–Altman analysis of the AHI on PSG
versus PG showed a mean difference of 5.41; limits of agreement (equal to ±2 standard deviations)
were from −6.74 to 17.56. The Bland–Altman analysis showed a slight difference between the two
methods, with a mean difference of −0.12 events/h in CAI, 1.35 events/h in OAI, and 0.42 events/h
in MAI. Conclusions: In the population with a low suspicion of OSA, the PG showed a low agreement
with the simultaneous PSG in the sleep lab. Therefore, PG should only be used as a screening method.
Further studies with sufficient sensors in the expanded populations of OSA are needed.

Keywords: obstructive sleep apnea; polygraphy; polysomnography; apnea–hypopnea index; Alice
NightOne; Alice PDx; nasal pressure; thermistor

1. Introduction

Obstructive sleep apnea (OSA) is a disorder characterized by repetitive episodes of
nocturnal breathing cessation due to upper airway collapse [1]. One-seventh of the world’s
adult population, or approximately one billion people, are estimated to have OSA [2]. In
Vietnam, 8.5% of the adult population had OSA with an AHI > 5 in 2018 [3].

Obstructive sleep apnea has severe consequences such as metabolic dysfunction,
cardiovascular disease, behavior disorders, and adverse clinical associations, including
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excessive daytime sleepiness and impaired quality of life. In addition, subjects with severe
OSA may have more risks from traffic accidents and depression in comparison to those
without OSA [4,5]. Furthermore, coronary artery calcification (CAC) presents twice more
often in OSA patients than in non-OSA ones [6]. A previous study showed that OSA
had been associated with the occurrence of diabetes, with an unadjusted pooled relative
risk of 1.62 (95% confidence interval 1.45–1.80) and an adjusted pooled relative risk of
1.35 (95% confidence interval 1.24, 1.47) [7]. In terms of health economics, according to
AASM, the estimated economic cost of undiagnosed obstructive sleep apnea in the U.S.
was nearly USD 150 billion in 2015 [8].

Therefore, there is a significant cost associated with evaluating all patients suspected
of having OSA with PSG (currently considered as the gold standard diagnostic test). Each
of the diagnostic modalities has its advantages and disadvantages. PSG may also provide
additional valuable information to clinicians such as the percentage of time spent in each of
the sleep stages, the presence of sleep fragmentation, or periodic leg movements; however,
the cost of PSG is higher than that of PG, and it requires more resources, takes much longer
to score, and requires appropriately trained staff who also need to score a certain number of
studies annually to maintain their skills. Therefore, in the current economic climate, there
is a trend towards exploring the use of home respiratory polygraphy in place of hospital
PSG in the diagnosis of OSA [9].

The purpose of this study is to investigate the agreement of polygraphy (PG) results
in the diagnosis of obstructive sleep apnea (OSA) with those of polysomnography (PSG),
simultaneously recorded in sleep laboratories.

2. Methods
2.1. Participants

A total of 11 voluntary participants were recruited to join the study. The study subjects
were volunteers over 18 years old who had never undergone tests such as respiratory poly-
graph, sleep polygraph, and prior OSA treatment. Exclusion criteria were past diagnosis of
sleep apnea, obesity hypoventilation syndrome, narcolepsy, COPD, heart failure, shiftwork,
jet lag, irregular work schedule in the past 3 months, history of oxygen therapy, having a
clinically unstable condition, and having newly diagnosed conditions within the previous
2 months as well as other comorbidities. Table 1 presents participants’ demographic char-
acteristics. All participants were informed of the purpose of the study, and all activities in
the study followed the principles outlined in the Declaration of Helsinki.

Table 1. Demographic characteristics of study subjects and their AHI measured by PSG.

Parameters N % Mean SD Min–Max

Age (years) 11 100 22.7 0.6 22–24

Sex

Male 7 63.6 - - -

Female 4 36.4 - - -

Height (cm) 11 100 164.7 7.1 154–174

Weight (kg) 11 100 59.5 8.9 45–74

BMI (kg/m2) 11 100 21.8 2.2 17.4–24.4

Sleep disorders

Snoring at night 0 0 - - -

Insomnia 0 0 - - -

AHI (apnea–hypopnea index)

PDx 11 100 2.4 2.2 0.2–8.8

NightOne 11 100 7.8 7.7 0.8–29.6
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Table 1. Cont.

Parameters N % Mean SD Min–Max

CAI (central apnea index)

PDx 11 100 0.7 1.1 0.0–3.9

NightOne 11 100 0.6 0.7 0.0–2.4

OAI (obstructive apnea index)

PDx 11 100 0.5 0.4 0.0–1.6

NightOne 11 100 1.9 2.9 0.0–10.3

MAI (mixed apnea index)

PDx 11 100 0.3 0.2 0.0–0.8

NightOne 11 100 0.7 1.1 0.0–4.1

HI (hypopnea index)

PDx 11 100 4.9 10.4 0.0–37.0

NightOne 11 100 4.7 3.7 0.8–12.9

SpO2

PDx 11 100 94.2 1.0 92–96

NightOne 11 100 94.0 1.0 92–95

2.2. PSG Device

The Alice PDx (Philips Respironics, Murrysville, PA, USA) is a type I or portable Type II
device with a weight of approximately 230 g (not including batteries) and dimensions of
5 L × 3 W × 2 H (12.70 cm × 7.62 cm × 5.08 cm). The basic channel set measures the
oral–nasal airflow, snore and pressure via the cannula and thermistor, respiratory effort via
the abdominal and chest belts, and arterial oxygen saturation level via the pulse oximeter
(%SpO2 and pulse rate). The device also detects body position (supine or non-supine). In
addition to the basic channel set indicators, the Alice PDx contains sensors for the recording
of cardiac electrical activity (ECG/EKG), electroencephalogram (EEG), electrooculogram
(EOG), and electromyogram (EMG). Airflow pressure was not utilized for this study, but the
nasal–oral airflow thermistor was used to detect the apnea–hypopnea index and snoring.

2.3. PG Device

The Alice NightOne (Philips Respironics, Murrysville, PA, USA) is a portable type
III device with approximately 84 g (not including sensors or batteries) and dimensions
of 4.07 L × 0.99 W × 2.67 H (10.34 cm × 2.51 cm × 6.78 cm). The device uses the same
sensors recommended by the AASM for in-lab studies. The device has 3 sensors (effort belt,
cannula, and oximeter) and a built-in body position sensor that provides seven channels of
data (body position, pressure flow, snore, respiratory effort, SpO2, plethysmography, and
pulse rate).

2.4. Procedure

Each volunteer underwent a one-night, in-lab PSG recording at the Sleep Medicine
laboratory of the Vietnam Society of Sleep Medicine. Participants were instructed to sleep
in whatever positions they were comfortable with, except in prone positions, and were
allowed to take their regular medications. Within 4–6 h before testing, the participants were
not allowed to use psychotropic substances such as alcohol, tobacco, coffee, and narcotic
pain relievers. All their parameters were simultaneously collected through both Alice PDx
and Alice Nightone. The PSG and PG results were scored by qualified staffs.
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2.4.1. Alice PDx

Electrode application included five leads for EEG (sub-ear, one forehead, one frontal,
one parietal, two eyes), two chin and four leg leads for EMG, and five chest leads for ECG.
Respiratory effort was recorded using chest and abdominal RIP (Respiratory inductance
plethysmography; the gold standard technology for the evaluation of respiratory effort [10])
and oronasal thermal excursion. Airflow was measured via nasal–oral thermistor; the nasal
pressure transducer airflow (PTAF) was not utilized for this study. Oxygen saturation was
collected via finger pulse oximetry (SpO2).

2.4.2. Alice NightOne

This has three components (Nasal pressure transducer, Pulse oximeter, Recording unit
with chest belt) and has the same principle as Alice PDx.

When the participants woke up, two devices were removed and disinfected, then
all parameters were analyzed and reported by Sleepware G3 software. In this study, we
assessed the accuracy of two devices based on five indexes, namely the apnea–hypopnea
index (AHI), obstructive apnea index (OAI), central apnea index (CAI), mixed apnea index
(MAI), and minimum SpO2 (minSpO2).

2.5. PSG Data Score

Events were scored as apneas if there was a reduction of ≥90% thermal excursion for
at least 10 s. Events were scored as hypopnea if the oral airflow thermistor was reduced
by ≥50% for at least 10 s or ≥30% for at least 10 s and were associated with a drop of
SpO2 ≥ 3% as defined by the standard device. Apneas were classified as obstructive,
central, or mixed if respiratory efforts were present, absent, or partially present during
the period of reduced airflow, respectively. Central sleep apnea was defined by a lack of
respiratory effort during cessations of airflow, in contrast to obstructive sleep apnea (OSA),
in which ongoing respiratory efforts were observed [11].

The apnea–hypopnea index (AHI) was calculated by averaging the number of apneas
and hypopneas per hour of sleep. More specifically, in this study, we concentrated on AHI
because it is a crucial index for diagnosing OSA, according to the American Academy of
Sleep Medicine Task Force (AASM), and it is used to classify and follow-up the efficiency
of treatment. An apnea–hypopnea index (AHI) greater than 5 per hour of sleep was
considered abnormal and was indicative of mild (5 ≥ AHI < 15), moderate (15 ≥ AHI < 30),
or severe OSA (AHI ≥ 30) according to Epstein et al. [12].

The obstructive apnea index (OAI) and central apnea index (CAI) were the mean
number of obstructive apnea and central apnea events per hour, respectively. Classification
of sleep apnea as obstructive or central depends on the type of predominant event. There-
fore, OSA was predominantly diagnosed when >50% of the respiratory events were of the
obstructive type [13].

Mixed apnea is an apnea that begins as a central apnea and ends as an obstructive
apnea, which is without respiratory effort at the beginning of the event and is followed by
increasing respiratory effort during the second half. Mixed apnea index (MAI) is the mean
number of these events per hour.

2.6. PG Data Score

Records were also scored using the same criteria as PSG, except on apneas calculated
by ≥90% pressure reduction for at least 10 s. The Alice NightOne AHI was measured as
the mean number of apneas and hypopneas per hour of recording time.

2.7. Data Analysis

Continuous measurements were summarized in means and SD, and categorical vari-
ables using counts and percentages. For each of the metrics, we used a paired t-test to
evaluate the difference between the measurements collected by each device. Then, we
tested the significance of the differences using statistical methods represented by Bland and
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Altman plots. More specifically, subject-specific differences and subject-specific averages
were calculated, and their correlations were analyzed using both statistic and graphic illus-
trations. The recorded data were analyzed using JASP 0.14.1 provided by the University
of Amsterdam.

3. Results
3.1. Characteristics of Study Subjects

Table 1 shows the sample characteristics of the study. Study subjects were mostly
young (22.7 ± 0.6 years of age) and mostly male (63.6% compared to 36.4% female). BMI
was at a normal level (21.8 ± 2.2 kg/m2). They did not have any recognized sleep disorders
(Table 1). The mean of the AHI was 2.4 ± 2.3 events/h measured by PSG (PDx) vs.
7.8 ± 7.7 events/h measured by PG (NightOne). The mean of CAI (central apnea index),
OAI (obstructive apnea index), and MAI (mixed apnea index) measured by PSG (PDx
device) are presented in Table 1 (0.7 ± 1.1, 0.5 ± 0.4, and 0.3 ± 0.2 events/h; respectively).
The mean of CAI, OAI, and MAI measured by PG (NightOne device) are also presented
in Table 1 (0.6 ± 0.7, 1.9 ± 2.9, and 0.7 ± 1.1 events/h; respectively). The mean of HI
(hypopnea index) measured by PSG (PDx) and PG (NightOne device) were 4.9 ± 10.9 and
4.7 ± 3.7 events/h, respectively (Table 1). The mean of SpO2 measured by PSG and PG
were 94.2 ± 1.0 and 94.0 ± 1.0%, respectively (Table 1).

3.2. Comparison of Respiratory Events between PSG and PG

a. Apnea–Hypopnea Index (AHI)

Figure 1 illustrates the Bland–Altman analysis of AHI between the two devices. The
horizontal axis represents the AHI collected by PSG via Alice PDx, while the vertical axis
shows the subject-specific difference (Figure 1). There are significant differences between
the two methods (t-test p = 0.01, CI 95% from 1.05 to 10.15 events/h). Our analysis also
suggests a magnitude-dependent bias, with linear regression model p = 0.01. The mean
difference is 5.41 events/h, and limits of agreement were from −6.74 to 17.56 (Figure 1),
which is considerable and suggest that Alice NightOne may overestimate the AHI and may
produce false-positive results of OSA in asymptomatic patients.
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b. Central Apnea Index (CAI)

There is little agreement in the CAI results (Spearman’s rho = 0.67; and p = 0.02). The
difference between the two devices is small (CI 95% from 0.9 to 0.35), and t-test p = 0.67.
The Bland–Altman analysis shows little difference between the two methods, with a mean
difference of −0.12. The difference is estimated to be magnitude-dependent, with the linear
regression model p < 0.01, and the limits of agreement range from −1.18 to 0.95 (Figure 2).
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Figure 2. Bland-Altman plots. Distinction between the CAI-Alice PDx plotted against the two devices’
CAI difference (n = 11). The red line presents the mean difference, while the green ones reveal the
limits of agreement. CAI: central apnea index.

In CAI, the agreement between the two devices could not be confirmed since the
sample size is limited, and different ranges of AHI should be examined in order to test the
dependence on different CAI results.

c. Obstructive Apnea Index (OAI)

Two devices show a correlation in the OAI results, with small subject-specific dif-
ferences. The difference is not statistically significant (t-test p = 0.2). The Bland-Altman
analysis shows a bias of 1.35, which is randomly distributed and not magnitude-dependent.
The limits of agreement were from −4.76 to 7.64, mostly stemming from outliners (Figure 3).

d. Mixed Apnea Index (MAI)

The subject difference in most cases was less than 0.5 events/h (95% CI from −0.1 to
1.75 events/h), resulting in a mean bias of 0.42 events/h. The limits of agreement were
from −1.54 to 2.38 due to outliners in a small sample (Figure 4).
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e. Hypopnea Index (HI)

Similarly, HI results show considerable differences between the two methods. The
bias is 0.54 events/h, with huge limits of agreement of −23.22 and 24.29, mostly caused by
outlines (Figure 5). More data should be examined on HI with different HI ranges.
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Figure 5. Bland-Altman plots. Distinction between the HI-Alice PDx plotted against the two devices’
HI difference (n = 11). The red line presents the mean difference, while the green ones present the
limits of agreement. HI: hypopnea index.

f. Oxygen Saturation (SpO2)

The agreement in SpO2 measurement is high. Most subjects showed no subject-specific
SpO2 difference. The mean difference is −0.23, with limits of agreements being −1.24 and
0.97, which ensure the agreement between the two devices (Figure 6).
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3.3. Comparison of Agreement of Respiratory Index Measured by Alice PDX (PSG) and Alice
NightOne (PG)

There was a weak agreement between the mean of AHI, MAI, and HI measured by
Alice PDx (PSG) and Alice NightOne (PG) (0.545, 0.431, and 0.309, respectively; Table 2).
There was a moderate agreement between the mean of CAI measured by PSG (PDx) vs.
that by PG (NightOne) (0.674 and p < 0.05; Table 2). The mean of SpO2 measured by PSG
was significant and strongly agreed with PG (0.923 and p< 0.05; Table 2).

Table 2. Comparison of Respiratory Index between Alice PDX (PSG) and Alice NightOne (PG).

Parameters Spearman’s Rho Mean Difference Lower LOA Upper LOA

AHI 0.545 5.41 * −6.74 17.56

CAI 0.674 * −0.12 −1.18 0.95

OAI 0.06 1.35 −4.76 7.46

MAI 0.431 0.42 −1.54 2.38

HI 0.309 0.54 −23.22 24.29

SpO2 0.923 * −0.23 −1.24 0.79
AHI: apnea–hypopnea index; CAI: central apnea index; OAI: obstructive apnea index; MAI: mixed apnea index;
HI: hypopnea index; LOA: limit of agreement. * p < 0.05.

4. Discussion

In this small, clinic-based sample, the PG showed a low measurement agreement with
a simultaneous PSG at the sleep laboratory, where the AHI values were derived. There is a
significant difference between the AHI measured by two devices in a population of low
suspicion of OSA (approximately AHI < 4 events per hour).

An analogous result can be seen in Lindemann J’s study, which reported that there
was not a strong agreement between PG and PSG recording simultaneously, with the
rank correlation coefficient being r = 0.574. The PG devices used showed a comparable
diagnostic accuracy (r = 0.513–0.657), with a sensitivity of 81.3–96.9% and a specificity of
33.3–50.0%. On average, PG underestimated the AHI by 6.4 (±20.5) events/h. Based on
these results, 57% OSAS severity would have been omitted [14].

AHI recording by PG was higher than that of PSG (by a mean of 5.409 events per hour)
in this study, and we speculate that this distinction may derive from the difference in flow
detection sensitivity between the nasal sensor and the thermistor.

AbdelKebir Sabil et al. reported that nasal pressure detected the largest number of
apneas, 23.1% less than with a thermistor. A Pearson correlation was run to determine the
relationship between the thermistor and nasal pressure (r = 0.968, n = 35, p < 0.001) [15].
Some obstructive apneas lasted close to the necessary 10 s duration when scored on the
nasal pressure, but they were shorter when evaluated with the thermistor. Thus, some
borderline apneas were detected using some sensors, but not others, and this may have
contributed to the higher number of apneas detected by the NP [15]. This means that if an
event could be called an “apnea” in Alice NightOne, this result (≥90% pressure reduction
for at least 10 s) is more sensitive than that in Alice PDx (≥90% thermal reduction for at
least 10 s).

This pattern was mirrored by CAI, OAI, and MAI when two criteria were mostly
different between PSG and PG devices. We suppose that these variances originated from
the same principle as AHI. One important finding of this study is that PG and PSG have
low agreement on OSA diagnosis; therefore, PG should only be used as a screening method.
We recommend that both nasal oxygen cannula and thermal signal should be applied
to patients. In order to ensure the convenience of patients by minimizing the occlusion
of the nasal passage, we recommend using dual-lumen nasal cannulas, which allow for
simultaneous PG and PSG pressure sampling via a y-connector.

The limitations of our study should be mentioned and included: (1) The sample was
limited (11 participants), which is not representative of the population. (2) The nasal
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pressure sensor in Alice PDx was rejected to assure comfort for the participants. Thus,
more measurements on the PSG to compensate for the removal of the main sensor from
the set-up should be performed. Further studies with sufficient sensors in the expanded
populations of OSA are needed.

5. Conclusions

In the population with a low suspicion of OSA, the PG showed a low agreement with
a simultaneous PSG in the sleep laboratory. However, PG with a nasal pressure sensor
might be more accurate than the thermal nasal sensor used in PSG. Therefore, PG should
only be used as a screening method. Further studies with sufficient sensors in the expanded
populations of OSA are needed.
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