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Background: Obstructive sleep apnea (OSA) is a highly prevalent condition; however, the 

majority of patients remain undiagnosed. There is a potential to expand the diagnostic capac-

ity of sleep laboratories. The study objective was to validate a portable respiratory monitoring 

device (Alice PDX) against polysomnography (PSG) in the laboratory and to assess its reli-

ability at home.

Methods: A total of 85 patients with suspected OSA (80% male, mean age 49.1±13.5 years, 

body mass index 29.7±6.9 kg/m2, Epworth Sleepiness Scale 10.0±5.1) were randomized to 3 

diagnostic nights: 1 night simultaneous in-laboratory PSG and PDX recording; 1 night self-

applied PDX at home, and 1 night in-laboratory PSG. Study data were manually scored according 

to American Academy of Sleep Medicine criteria.

Results: The Alice PDX was in diagnostic agreement with simultaneously recorded reference 

PSG in 96.4% of studies. In 2.4% of studies the in-laboratory PDX underestimated and in 1.2% 

of studies it overestimated the apnea hypopnea index (AHI). The difference between the AHI 

from the reference PSG and the home study was similar to the difference between the PSGs 

(2.79 vs 0.79, p=0.08).

Conclusion: In a population with a high suspicion of OSA, the Alice PDX showed a high 

level of diagnostic agreement with a simultaneous PSG and performed valid home diagnostic 

studies for OSA. If manually scored, the portable device can be used by sleep specialists for 

diagnosing moderate-to-severe obstructive sleep apnea in cases with a high pretest probability 

for the disease over a wide range of disease severity. The technology can be deployed reliably 

outside of the sleep laboratory setting.
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Introduction
Obstructive sleep apnea (OSA) is a disorder of great significance for the affected 

patients. The repetitive collapse of upper airways, associated with increased arousal 

reactions and oxygen desaturations, leads to increased daytime sleepiness,1 reduction 

of quality of life (QOL),2 and increased frequency of traffic accidents.3 With OSA, 

there is a high prevalence of severe secondary diseases such as arterial hypertension,4 

atrial fibrillation,5 myocardial infarctions,6 stroke, and cancer,7 with a reduction of 

life expectancy.8

While previous evaluations assumed that at least 4% of males and 2% of females 

in the working age population are suffering from OSA,9 a study found a considerable 

increase in the prevalence to 10% and 17% among males (30- to 49-year old and 50- 

to 70-year old, respectively) and 3% and 9% among females (30- to 49-year old and 

Correspondence: Georg Nilius
HELIOS Klinik Hagen Ambrock, 
Ambrocker Weg 60, 58091 Hagen, 
Germany
Tel +49 233 1974 2000
Email georg.nilius@helios-kliniken.de

Journal name: Nature and Science of Sleep
Article Designation: ORIGINAL RESEARCH
Year: 2017
Volume: 9
Running head verso: Nilius et al
Running head recto: Polygraphy validation
DOI: http://dx.doi.org/10.2147/NSS.S133789

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress


Nature and Science of Sleep 2017:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

172

Nilius et al

50- to 70-year old, respectively)10 presuming an increased 

prevalence of obesity and longer lifespan as causes. A more 

recent study shows a higher prevalence (23.4% in females 

and 49.7% in males), which might be attributable to increased 

recording and scoring techniques.11 It has to be assumed that 

the majority of patients are not diagnosed.12 

The diagnostic gold standard to detect OSA is attended, 

inpatient, monitored cardiorespiratory polysomnography 

(PSG),13 which requires high personnel and financial expen-

ditures. To wade through the flood of patients, many portable 

monitoring (PM) systems are available. These devices can 

be categorized into 4 system groups.14 The class 3 systems 

with not <4 parameters are usually used for outpatient diag-

nostic measurements. According to recommendations of the 

American Academy of Sleep Medicine (AASM), PM systems 

are eligible for diagnosing OSA in patients with high pre-

test probability and without severe comorbidities.15 In light 

of the growing heterogeneity of the outpatient diagnostic 

devices, a recent paper proposed a new classification based 

upon the parameters the device records called SCOPER 

(S(leep), C(ardiovascular), O(ximetry), P(osition), E(ffort), 

and R(espiratory)).16 

Even with this comprehensive approach, the authors point 

out that each of the systems needs to be compared to the 

gold standard to ascertain the conventional quality criteria 

for diagnostic tests including sensitivity, specificity, and the 

positive predictive value (PPV). 

The aims of this study were to determine the diagnostic 

accuracy of a PM device (Alice PDX; Philips Respironics, 

Murrysville, PA, USA) compared to PSG during laboratory 

recordings and to assess the ability of the device to predict the 

presence of OSA in the home environment. A study design 

with 4 sleep studies (2 PSG, 2 PM) on 3 nights was chosen to 

assess the effects on the apnea hypopnea index (AHI), which 

may occur due to a night to night variability, sleep labora-

tory versus home environment, and PM versus PSG settings.

Methods
This single-blind, randomized cross-over study was per-

formed at 2 European sites and conducted in accordance 

with the amended Declaration of Helsinki with ethics 

committee approval from the University Witten Herdecke 

(105/2008) and from the ethics committee “Ile de France 

1” and ANSM (National Security Agency of Medicines and 

Health Products) (RCB:2009-A00081-56). All participants 

signed informed consent before the study. The study is 

registered under Nr. ISRCTN62641592. Preliminary find-

ings of this study were already presented at congresses: the 

27th Annual Meeting of the Associated Professionals Sleep 

Societies, LLC Baltimore (abstract published in the Journal 

of Sleep and Sleep Disorders Research Volume 36, 2013) and 

the European Respiratory Society in Amsterdam (abstract 

published in the European Respiratory Journal 38, 2011) 

Selection of participants
Each center recruited half of the participants. Adult patients, 

≥21 years, were eligible for the study if they had suspected 

OSA (loud and irregular snoring with observed breathing 

interruptions and increased daytime sleepiness [ie, a group 

with high pretest probability]). Also 11 participants who 

reported snoring but did not have OSA (simple snorers) 

were included. 

Exclusion criteria were previous OSA diagnosis; presence 

or suspicion of another sleep disorder; acute unstable illness; 

any medically unstable condition resulting from chronic 

cardiac, pulmonary, or other internal diseases; a requirement 

for oxygen or mechanical ventilation; drug or alcohol abuse; 

excessive intake of drugs affecting the central nervous sys-

tem; sedatives or other drugs which impair sleep; psychiatric 

or neurological diseases; unstable thyroidal dysfunction; and 

chronic pain syndromes. 

Clinical examinations
All participants underwent complete clinical history and 

physical examination (body mass index [BMI], neck circum-

ference, measured at the level of cricothyroid membrane, 

and blood pressure). A questionnaire about symptoms of 

snoring, sleepiness, and the associated features of OSA was 

completed along with the Epworth Sleepiness Scale (ESS).

Protocol
All participants underwent diagnostic evaluation over 3 non-

consecutive nights in a randomized order. One diagnostic 

evaluation was conducted with the Alice PDX PM recorder 

(device class IIa, EC certificate No. G1 16 07 15581 051) 

in the participant’s home (PDX home). Another diagnostic 

evaluation was conducted with attended in-laboratory PSG 

(PSG single) at the sleep laboratory by using Alice (Alice 5; 

Philips Respironics). The third diagnostic evaluation con-

sisted of an attended in-laboratory study with simultaneous 

PSG and PDX polygraphy (PG) recording (PSG simultane-

ous) which were both carried out by a sleep technician. 

Overnight attended polysomnography 
A standard PSG montage was used for each attended in-

laboratory diagnostic evaluation and included electroen-
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cephalogram (EEG, F4, C4, O2), electrooculogram (EOG), 

chin electromyogram (EMG), leg EMG, electrocardiogram 

(ECG), breathing effort parameters, airflow parameters, 

oxygen saturation (SpO
2
, finger probe, Oximetry board Mas-

simo), and body position, according to AASM recommenda-

tions. The data were anonymized and then manually scored. 

Sleep stages, arousals, and abnormal respiratory events were 

quantified according to AASM 2007 criteria.17

PM with Alice PDX
The Alice PDX is a portable monitor which according to 

the SCOPER System is categorized as S
0
C

4
O

1
P

2
E

1
R

1
. It 

includes oxygen saturation (SpO
2
, finger probe, Oximetry 

board Nonin), pulse rate (from the oximeter probe), airflow 

(pressure-based airflow with snore detection through a nasal 

cannula and thermistor), thoracic and abdominal effort 

(inductance plethysmography), and body position. The device 

includes an event button. 

For the in-laboratory measurements, the technician set up 

both the systems. For the home measurement, the participants 

were instructed how to set up the system by themselves. The 

participants were advised with verbal and written instructions 

and were given a brief demonstration. Participants were 

asked to activate the event marker to indicate “lights out” 

and “lights on” and any time they get up for >15 minutes. 

The participants were called in the morning to determine 

the validity of their PG recording by using the “good study 

indicator.” When illuminated, the “good study indicator” 

confirms at least 4 hours of recording. If <4 hours of good 

data were present, the cause was remotely identified and 

resolved before a second recording was initiated. 

Scoring procedures
To minimize the inter-scorer variability, each center had a 

dedicated and experienced scoring technician. A training 

program was conducted for both study sites, and these stan-

dards were followed for scoring: 

Apnea: at least a 90% reduction of airflow for at least 10 

seconds (regardless if central, obstructive, or mixed). At least 

90% of the event’s duration meets the amplitude reduction 

criteria for apnea. 

Hypopnea criteria A: A ≥30% reduction in airflow for at 

least 10 seconds with ≥4% desaturation (definition used for 

PSG and PDX).

Hypopnea criteria B: A ≥50% reduction in airflow for 

at least 10 seconds with ≥3% desaturation (definition used 

for PSG and PDX) or terminated by an arousal (definition 

used for PSG, American Sleep Disorders Association rules). 

Each evaluation underwent manual review by the scor-

ing technician, who was blinded to the date and time of the 

recordings and the patient`s medical information. Each PSG 

and PDX evaluation was scored twice – once with hypopneas 

classified according to the AASM hypopnea criteria A and 

once according to criteria B. 

Clinical agreement levels
From a clinical point of view, it was chosen to categorize 

3 different levels of agreement between both diagnostic 

systems. 

The rate of diagnostic agreement was calculated for the 

PDX-Lab and PSG and PDX-Home and PSG in a manner 

similar to White.18 An AHI >30 is generally accepted as the 

cutoff for severe OSA. Therefore, any paired result >30 was 

accepted as diagnostic agreement, and in cases with an in-

laboratory PSG AHI <30, a deviation of ≤10 was classified 

as agreement and a deviation >10 was classified as under- or 

overestimation (Table 3).

Statistical analysis
The various sleep studies were performed to address the 

effects of night to night variability, home and sleep laboratory 

environments, and full attended PSG versus PM measure-

ments. The main endpoint was to compare the difference of 

PM at home and PSG with 2 consecutive PSGs.

The sample size calculation was performed based upon the 

data of White18 with a standard deviation of 6.0. Assuming a 

broader range in AHI, a standard deviation of 9.0 was selected. 

It was assumed that the minimum important difference to 

detect was an AHI of 5. With a power of 90% and an alpha of 

0.05, ~70 patients were required to use the Alice PDX at home 

before or after PSG. A combined dropout rate and equipment 

failure or data loss rate of 12% for the unattended home study 

was predicted so that ~80 patients had to be recruited. 

Baseline characteristics were summarized with descrip-

tive statistics. The indices for manually scored in-laboratory 

and simultaneous PSGs were computed as the number of 

events per hour of sleep, and for PDX, the number of events 

per hour of recording time. AHI and secondary respiratory 

parameters were compared between the 4 diagnostic evalu-

ations by using the Friedman test, due to the asymmetry of 

the data. Post-hoc pairwise comparisons were performed by 

using the Wilcoxon signed-rank test, with Bonferroni correc-

tion. The difference in AHI values between the simultaneous 

laboratory PSG and at-home PDX was compared to the dif-

ference between the 2 PSGs conducted on separate nights, 

by using a Wilcoxon signed-rank test.
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In each comparison, the simultaneous in-laboratory PSG 

was considered the reference PSG. Intraclass correlation 

(ICC) was performed by using a 2-way random model measur-

ing absolute agreement for single measures. Bland–Altman 

plots of the AHI data were generated for visualization of the 

bias and limits of agreement. Receiver operating characteristic 

(ROC) analyses were performed at AHI cutoffs of 5, 15, and 

30 to compute the area under the curve (AUC), as well as 

sensitivity, specificity, positive and negative likelihood ratios, 

and PPVs and negative predictive values (NPVs) for the given 

device-detected event values. The rates of diagnostic agree-

ment, overestimation, and underestimation were calculated 

according to the criteria described in Table 3. The data were 

analyzed by using SPSS (Version 20; IBM Corporation, 

Armonk, NY, USA) and Analyse-it (Version 3.8; Leeds, UK). 

Statistical trends were considered significant at p<0.05.

The randomization sequence was generated by using the 

SAS software. The randomization sequence contained 15 

balanced blocks of 6 codes by using the different sequence 

possibilities and was stratified by patient type (suspected 

OSA or snorer). 

Results
One hundred and twenty-six individuals were screened 

between September 2009 and January 2012 and in that 

sample 120 were eligible but 22 refused to participate. 

Therefore, 98 individuals were randomized. Eighty-five 

participants (74 OSA and 11 simple snorers) had complete 

data and were included in the final data analysis (Figure 1). 

Baseline characteristics are shown in Table 1. Participants 

were middle aged, predominantly male, with a mean BMI 

approaching the threshold for obesity with a large neck 

circumference. Hypertension (systolic blood pressure >140 

mmHg or diastolic blood pressure >90 mmHg) was present 

in 24% of the participants. Other than the simple snorers 

being significantly younger, the demographic variables were 

not significantly different from participants with a suspicion 

of OSA.

The simultaneous average saturation differed between the 

PDX and PSG recording by ~0.9%; however, the simultane-

ous mean desaturation index showed near identical values 

(14.8 in PSG, 14.7 in PG). All the results are shown in Table 2.

The PDX was in diagnostic agreement with the simul-

taneously recorded reference PSG in 96.4% of the evalua-

tions. In 2.4% of the evaluations, PDX underestimated the 

AHI and in 1.2% it overestimated the AHI. The PDX home 

recording versus simultaneous PSG showed underestimation 

in 5.9% and overestimation in 10.6% of the cases (Table 3). 

The median difference between the AHI from the reference 

PSG and the PDX-home study was similar to the difference 

Figure 1 Flowchart of the study.
Abbreviations: SAE, serious adverse event; PSG, polysomnography; OSA, obstructive sleep apnea.

Screened N=126

Eligible N=120

Refused to participate N=22

1 participant lost to follow-up
6 participants withdrew

5 voluntarily withdrew•
• 1 withdrawn due to SAE not

related to the study

6 participants had incomplete clinical
data

Randomized N=98

Completed trial N=91

Included in the final analysis N=85

Suspected OSA  N=74 Suspected simple snorer N=11

3 PSG missing data (technical failure)

3 PDX failure (2 no data readable
[home], 1 nasal flow missing
[laboratory])
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between the two PSGs (0.6 vs 0.0, p=0.08) for hypopnea 

criteria A and 1.0 versus 0.1 (p=0.463) for hypopnea criteria 

B including arousals.

There was a strong significant correlation between the 

AHI from the reference PSG and the in-laboratory PDX 

(ICC 0.95), the at-home PDX (0.79), and the separate PSG 

(0.90) (all p<0.001) (Figure 2). With a Friedman test, there 

were no significant differences between any of the AHI values 

(p=0.207). There were statistical differences with respect to 

Apnea Index, Hypopnea Index, average O
2
 saturation, and 

oxygen desaturation index in some of the comparisons. 

The Bland–Altman analyses generally showed a good 

agreement between AHI values from the reference PSG and 

the in-laboratory PDX, the at-home PDX, and the separate 

PSG (Figure 3). In comparison to the reference PSG, the 

Alice PDX tended to overestimate the AHI at lower AHIs and 

underestimate the AHI at higher AHIs when performed in the 

laboratory and at home. In comparison to the reference PSG, 

the separate PSG had no bias toward over- or underestimating 

the AHI at lower and higher AHIs. Sensitivity, specificity, and 

PPVs and NPVs, and likelihood ratios at AHI cutoff values of 

5, 15, and 30 were calculated for the AHI from the reference 

Table 1 Patient characteristics

Characteristics Entire group Suspected  
OSA (N=74)

Suspected simple  
snorers (N=11)

p-value (OSA  
vs non-OSA)

Age (years) 49.1±13.5 50.6±12.9 40.5±14.3 0.025a

Male (n [%])* 68 (80) 58 (78.4) 10 (90.9) 0.450b

BMI (kg/m2) 29.7±6.9 29.9±7.1** 28.5±6.0 0.553a

Neck circumference (cm) 41.6±5.1 41.8±5.2** 41.0±4.3 0.657a

Blood pressure
 Systolic (mmHg)
 Diastolic (mmHg)

133.7±15.8
77.5±11.1

133.3±15.0
77.3±11.2

136.8±21.9
80.0±10.8

0.516a

0.540a

ESS 10.0±5.1 10.1±5.2 9.9±5.1 0.924a

ESS ≥11 (n [%]) 44 (51.8) 38 (51.4) 6 (60.0) 0.741b

Medical conditions (n [%])
 Hypertension
 Diabetes
 Chronic heart diseases

33 (38.8)
6 (7.1)
8 (9.4)

29 (39.2)
4 (5.4)
7 (9.5)

4 (36.4)
2 (18.2)
1 (9.1)

Notes: Values are given as the mean ± SD or count (%). *OSA classification was not recorded for 1 participant. **N=73 due to missing data. aIndependent-sample t-test. 
bFisher’s exact test.
Abbreviations: BMI, body mass index; ESS, Epworth Sleepiness Scale; SD, standard deviation; OSA, obstructive sleep apnea.

Table 2 Results (mean and SD) of all home and laboratory studies

Scoring 
criteria
AASM 2007

Sleep parameters Units Index 
time base

Separate  
PSG

Simultaneous 
PSG

Index 
time base

Simultaneous 
PDX

At-home 
PDX

Mean SD Mean SD Mean SD Mean SD

TRT (min) TIB 457.6 55.3 453.4 47.6 TRT 422.1 72.4 423.3 91.0
TST (min) TST 373.2 76.8 364.1 65.8 – – – – –
Total arousal index (n/h) TST 29.3 15.9 29.8 16.0 – – – – –
Average saturation (%) TST 94.8 1.8 94.8 1.6 TRT 93.9 1.9 93.6 2.1
Apnea index (n/h) TST 13.7 17.5 14.2 17.8 TRT 12.2 15.8 11.1 16.0

Hyp A Hypopnea index (n/h) TST 4.6 7.6 4.9 7.4 TRT 5.3 6.3 5.1 5.2
AHI (n/h) TST 18.2 20.2 19.0 20.2 TRT 17.4 17.7 16.3 17.6
Supine AHI (n/h) TST supine 26.8 25.6 27.1 27.7 TRT supine 24.9 25.2 24.7 25.4
Respiratory arousal index (n/h) TST 10.3 14.6 10.6 13.6 – – – – –
Desaturation index (n/h) TST 13.4 18.3 14.8 18.8 TRT 14.7 15.9 13.9 16.1

Hyp B Hypopnea index (n/h) TST 6.7 8.0 7.1 8.2 TRT 7.7 6.7 7.6 6.0
AHI (n/h) TST 20.7 20.7 21.3 20.6 TRT 19.9 18.0 18.7 18.2
Supine AHI (n/h) TST supine 29.3 25.7 30.3 28.4 TRT supine 28.3 26.5 28.1 26.3
Respiratory arousal index (n/h) TST 14.3 15.3 14.5 14.5 – – – – –
Desaturation index (n/h) TST 18.5 19.7 19.9 20.7 TRT 20.7 17.8 19.1 17.7

Notes: Hypopnea A: flow amplitude drop ≥30% with desaturation >4% without considering arousals; Hypopnea B, flow amplitude drop ≥50% with either desaturation >3% 
or arousal or both.
Abbreviations: AASM, American Academy of Sleep Medicine; PSG, polysomnography; SD, standard deviation; AHI, apnea hypopnea index; TRT, total recording time; TST, 
total sleep time; TIB, time in bed.
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PSG and the in-laboratory PDX, the at-home PDX, and the 

separate PSG (Table 4). 

By using AHI cutoff values of 5, 15, and 30, the AUC was 

at least 0.84 (0.94 for AHI >15) in all comparisons (Figure 4).

There were 6 (6.6%) instances of technical problems 

noted during the diagnostic evaluations. This failure rate is 

consistent with that from a previous publication.19

Discussion
The major finding is that the PDX portable monitor showed 

a high sensitivity and specificity in quantifying AHI when 

compared to in-laboratory diagnostic PSG in patients with 

suspected OSA, and that the results from the home PG with 

the PDX are quite comparable to a full in-laboratory PSG, 

especially in moderate (AHI >15)-to-severe (AHI >30) OSA.

Every comparison of home PM with attended PSG in 

the sleep laboratory suffers from several methodological 

problems: the situation at home is quite different to the 

sleep laboratory environment and it is doubtful that the sleep 

characteristics in the home setting can be fully captured in 

the laboratory. Increased supine sleep position increases 

OSA severity,20 and higher sleep efficiency and proportion 

of REM (rapid eye movement) sleep and slow wave sleep at 

home has been confirmed.21 

It must be noted that at home the patient has to apply the 

sensors by himself and the time base of analyses refers to 

Table 3 Diagnostic agreement of AHI for the simultaneous (in-laboratory) PSG and PDX, the in-laboratory PSG and at-home PDX, 
and the simultaneous in-laboratory and separate PSGs, and diagnostic agreement/disagreement criteria

Simultaneous PDX versus 
simultaneous PSG

At-home PDX versus 
simultaneous PSG

Separate PSG versus 
simultaneous PSG

Agreement (%) 96.5 83.5 85.9
Overestimation (%) 1.2 5.9 3.5
Underestimation (%) 2.4 10.6 10.6
Diagnostic classification PSG AHI PDX AHI
Agreement ≥30 ≥30
Agreement <30 PSG AHI ≤10
Overestimation <30 PSG AHI +>10
Underestimation <30 PSG AHI –>10

Abbreviations: AHI, apnea hypopnea index; PSG, polysomnography.

Figure 2. ICCs between AHIs from: (A) simultaneous (in-laboratory) PSG and in-laboratory PDX (ICC =0.95, p<0.001); (B) simultaneous in-laboratory PSG and at home 
PDX (ICC =0.79, p<0.001); and (C) simultaneous in-laboratory PSG and separate PSG (ICC =0.90, p<0.001).
Abbreviations: PSG, polysomnography; AHI, apnea hypopnea index; ICC, intraclass correlation.
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sleep time in PSG versus recording time in PM. To address 

these questions, 3 sleep studies were performed. To evaluate 

the night to night variability, the in-laboratory PSG was per-

formed twice and the difference (PSG
sim

 minus PSG
single

) of 

those 2 nights was not significant (p=0.079) compared to the 

difference between the simultaneously performed PSG with 

the PDX at home (PSG
sim

 minus PDX
home

). The effect of dif-

ferent criteria for the hypopnea definition on the AHI was very 

small, and the supine and total AHI were comparable between 

the home and sleep laboratory environment. The ICC for the 

AHI from the reference PSG and the in-laboratory PDX is 

similar to that reported in an international study (ICC 0.95 for 

the overall AHI)22 comparing manual scoring between sites 

from 9 sleep centers, so that the technical systems can be 

regarded as closely comparable. The scoring technicians were 

blinded to minimize the influence in the manual  evaluation. 

Figure 3 Bland–Altman plots of: (A) simultaneous (in-laboratory) PSG and in-laboratory PDX; (B) simultaneous in-laboratory PSG and at-home PDX; and (C) simultaneous 
in-laboratory PSG and separate PSG.
Abbreviations: AHI, apnea hypopnea index; PSG, polysomnography.
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Table 4 Sensitivity, specificity, PPV and NPV, and positive and negative likelihood ratios for different AHI cutoffs

Optimal AHI* Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive 
likelihood ratio

Negative 
likelihood ratio

AHI ≥5
 In-laboratory PDX 5.7 95 96 98 89 23.8 0.05
 At-home PDX 7.4 77 76 88 58 3.2 0.3
 Separate PSG 7.0 80 80 91 63 4.0 0.3
AHI ≥15
 In-laboratory PDX 14.7 90 91 85 94 9.8 0.1
 At-home PDX 12.9 87 85 77 92 5.9 0.2
 Separate PSG 14.2 90 91 85 94 9.8 0.1
AHI ≥30
 In-laboratory PDX 21.8 100 100 100 100 ** 0
 At-home PDX 18.6 90 91 75 97 9.8 0.1
 Separate PSG 20.5 95 94 83 98 15.4 0.1

Notes: *AHI of test measure (left column) at which there is an optimal balance between sensitivity and specificity. **Undefined due to division by zero.
Abbreviations: PSG, polysomnography; AHI, apnea hypopnea index; PPV, positive predictive value; NPV, negative predictive value.
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On the other hand, this design limits the study, because no 

direct event-by-event comparison of the simultaneous PG/

PSG measurements could be accomplished. The simultane-

ous measurements with different oximetry boards (Alice 5: 

Masimo, PDX: Nonin) showed slightly divergent results in 

mean saturation. This may have an influence on hypopnea 

scoring, according to the desaturation threshold. As expected, 

because of the different time base (total recording time vs 

total sleep time), the apnea index in the PDX evaluation was 

lower, yet the hypopnea index was almost identical, resulting 

from a slightly higher absolute number of scored hypopneas.

Compared to attended, in-laboratory PSG, there was a 

very good diagnostic agreement between the PDX and the 

reference PSG and very few (<3 %) cases of AHI over- or 

 underestimation. The diagnostic agreement between the PM 

at home and the in-laboratory attended PSG showed a relevant 

underestimation in 10.6% and overestimation in 5.9% of the 

cases; this is quite comparable to the degree of under- and 

overestimation between 2 different PSGs. In accordance 

with the AASM 2007 recommendation, this study shows 

that it is reasonable not to exclude the diagnosis of OSA in 

symptomatic patients with high pretest probability, because 
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Figure 4 ROC plots of different AHI cutoffs (5, 15, and 30 columns, respectively). 
Notes: (A) The simultaneous (in-laboratory) PSG (reference PSG) and PDX (AUC =0.96, 0.98, 1.0, respectively); (B) the in-laboratory PSG and at-home PDX (AUC =0.84, 
0.94, 0.96, respectively); and (C) the reference and separate PSGs (AUC =0.87, 0.95, 0.98, respectively).
Abbreviations: ROC, receiver operating characteristic; AUC, area under the ROC curve; PSG, polysomnography; AHI, apnea hypopnea index.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Nature and Science of Sleep 2017:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

179

Polygraphy validation

in 10% of the cases, a false-negative finding could occur 

during a home PM assessment. 

There were no significant differences in the composite AHI 

values in any of the conditions. One strength of the study is 

the randomization of the order of the home and in-laboratory 

tests. This minimized the impact of night to night variability.23 

Another strength is the inclusion of simple snorers. Although 

they were younger, they did not differ in gender, anthropo-

metric measurements, blood pressure, and ESS from those 

suspected of having OSA. Contrary to some previous studies, 

the approach of this study avoided the comparison of sleep 

recordings not performed on the same night, avoiding the bias 

of night to night variability. There may be a temporal variability 

in the intensity of sleep disordered breathing when sleep stud-

ies are performed on different nights.24,25 The scoring criteria 

used in the study followed AASM clinical guidelines of 2007,17 

which proposed home sleep testing in patients with high pretest 

probability of OSA, a lack of co-morbidities, and when the 

testing is managed by a trained sleep specialist. In between, 

the scoring criteria were revised26 and differed in terms of the 

alternative hypopnea scoring rule with an amplitude criterion 

of 30% reduction. The measurements by using the alternative 

hypopnea rule from the 2007 guidelines were evaluated, and it 

is believed that the presented results will not deviate substan-

tially when rescored with updated hypopnea recommendations.

A good agreement was shown between the Alice PDX 

data and PSG data when both AASM 2007 definitions of 

hypopnea were used.

In 2009, the Center for Medicare and Medicaid Services 

accepted PM for the diagnosis of sleep apnea. 27 The presented 

findings are in accordance to these recommendations, and 

the results of this study add knowledge to the field and show 

the validity of a home sleep study with the Alice PDX PM.

Conclusion
In a population with a high suspicion of OSA, the Alice PDX 

showed a high level of diagnostic agreement with a simulta-

neous PSG and performed valid home diagnostic studies for 

OSA. If manually scored, the portable device can be used by 

sleep specialists for diagnosing moderate-to-severe obstruc-

tive sleep apnea in cases with a high pretest probability for 

the disease over a wide range of disease severity. The technol-

ogy can be deployed reliably outside of the sleep laboratory 

setting. Further studies with this technology in populations 

with co-morbidities are needed. 
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