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Purpose. Obstructive sleep apnea (OSA) is frequent in Parkinson’s disease (PD) and may contribute to nonmotor symptoms.
Polysomnography (PSG) is the gold standard for OSA diagnosis. Unattended portable monitoring (PM) may improve access to
diagnosis but has not been studied in PD. We assessed feasibility and diagnostic accuracy in PD. Methods. Selected PD patients
without known OSA underwent home PM and laboratory PSG. The quality of PM signals (n = 28) was compared with matched
controls. PM accuracy was calculated compared with PSG for standard apnea hypopnea index (AHI) thresholds. Results. Technical
failure rate was 27.0% and airflow signal quality was lower than in controls. Sensitivity of PMwas 84.0%, 36.4%, and 50.0% for AHI
cut-offs of 5/h, 15/h, and 30/h, respectively, using the same cut-offs on PM. Specificity was 66.7%, 83.3%, and 100%, respectively.
PM underestimated the AHI with a mean bias of 12.4/h. Discrepancy between PM and PSG was greater in those with more motor
dysfunction. Conclusion. PM was adequate to “rule in” moderate or severe OSA in PD patients, but the failure rate was relatively
high and signal quality poorer than in controls. PM overall underestimated the severity of OSA in PD patients, especially those
with greater motor dysfunction.

1. Introduction

In Parkinson’s disease (PD), sleep-related problems are one
of the most prevalent nonmotor symptoms (NMS), affecting
48 to 82% of patients and increasing with the disease severity
[1]. Among them, obstructive sleep apnea (OSA) is common
and is thought to occur in 20 to 60% of PD patients [2–5].
OSA is characterized by recurrent complete (apnea) or partial
(hypopnea) upper airway obstruction resulting in intermit-
tent hypoxemia and arousals from sleep. It is known to cause
neurocognitive dysfunction, cardiovascular complications,
andmetabolic disorders in the general population [6]. Recent
preliminary data suggest that, in PD patients, OSA appears
to worsen other NMS, such as cognitive dysfunction and
excessive daytime sleepiness [7]. Treatment of OSA could be

a strategy to help improve important NMS, such as excessive
daytime sleepiness [2]. Hence, early diagnosis and therapy for
OSA could result in better outcomes for PD patients.

Polysomnography (PSG), or level 1 sleep testing, is
currently the gold standard for OSA diagnosis [8, 9]. It
includes at least 7 channels of data (typically≥16) and requires
an overnight stay in the sleep laboratory. It allows assess-
ment of sleep-wake stages (EEG, EOG, and EMG), nasal
airflow, snoring, respiratory efforts, oxygen saturation, body
position and movements, cardiac electrical signals (EKG),
and others when necessary. PSG is complex, expensive, and
poorly accessible. In Canada, the waiting time to access
PSG studies varies from 8 to 36 months [10]. In the United
States, it varies from 2 to 10 months [10]. There is growing
interest in novel diagnostic tools and methodologies, such
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as American Academy of Sleep Medicine (AASM) level III
testing which uses portable monitoring (PM) conducted in
an unattended setting. A variety of different devices recording
different signals are available [11]. The AASM recommends
unattended PM use as a diagnostic tool for patients with a
high pretest probability of moderate to severe OSA, with no
major comorbidities and/or other sleep disorders [9]. In this
context, a meta-analysis of 19 studies by Shayeb et al. found
that sensitivity and specificity were generally both good, with
increasing specificity and decreasing sensitivity as the disease
severity increased [11].The sensitivities and specificities were,
respectively, 93% and 60% for AHI ≥ 5/h, 79% and 79% for
AHI ≥ 15/h, and 79% and 90% for AHI ≥ 30/h [11]. Cost-
effectiveness studies have suggested a decreased cost for PM
of up to one-half compared to PSG [12].

In 2008, the US Centers for Medicare and Medicaid
Services (CMS) committee released a landmark decision
regarding the National Coverage Determination (NCD),
approving “Home Sleep Testing (HST)” as a means to qualify
patients with OSA for continuous positive airway pressure
(CPAP) therapy [13].This opens the way formore widespread
use of PM. PM is an attractive alternative in patientswith neu-
rological disorders such as PD, who might otherwise decline
in-laboratory PSG due to difficulties related to their disease
such as impaired mobility, bladder dysfunction, anxiety, and
cognitive impairment. However, PM is performed in an
unattended setting, which can increase the rate of technically
suboptimal studies, particularly in patients with motor or
cognitive impairment. Furthermore, reduced sleep efficiency
(i.e., greater proportion of wakefulness during recording) can
lead to underestimation of the AHI on PM in that event
indices are calculated based on recording rather than sleep
time as no EEG is recorded [14]. Similarly, EEG arousals
that are needed for scoring of some hypopneas cannot be
detected on PM resulting in potential underestimation of
OSA severity. Scoring so-called autonomic arousals (pulse
accelerations) as a surrogate for EEG arousal can help
improve sensitivity of PM for detection of OSA [15].

The feasibility and accuracy of PMhave not been assessed
in patients with PD. The objective of this prospective cohort
study was therefore to assess the feasibility (quality of signals,
study failure rates) and diagnostic accuracy of PM performed
at home, compared with the gold standard of in-laboratory
PSG, in PD patients with suspected OSA.

2. Materials and Methods

2.1. Study Subjects. PD patients with sleep complaints were
recruited between November 2011 and July 2014 from the
McGill Movement Disorder Clinic, an academic tertiary care
centre. Inclusion criteria were a clear diagnosis of primary
PD (as per established criteria [16, 17]), ability to undergo
polysomnography (PSG), and adequate knowledge of English
or French. Patients were excluded if they had another
major neurological disorder (e.g., stroke), unstable cardiac
disease, uncontrolled hypertension, an expected survival of
<6 months, psychiatric or cognitive impairment precluding
informed consent, or previously diagnosed OSA. Patients
with other sleep disorders such as rapid eye movement sleep

behavior disorder (RBD) or restless leg syndrome (RLS) were
not excluded. Patients remained on their usual PD treatment
regimen during the study. PMwas offered to a selected group
of patients based on their availabilities and their subjective
capacity to use the device. Control PM studies performed
on patients without major medical comorbidities referred to
our general sleep-disorders clinic for suspected OSA were
identified from our clinical sleep laboratory records. Records
from the sameperiod of timewere reviewed sequentially until
2 control studies for each PD subject were identified, based on
the same sex and age ±3 years.

2.2. Study Design. A prospective study protocol was used,
in which patients completed both a PSG night and a PM
night, separated by less than 30 days. The order in which
these were done depended on subject availability. Prior to the
PM night, patients were instructed by the research assistant
on the correct use of the device, which was programmed to
start recording automatically at the subjects’ usual bedtime.
The study visit consisted of a baseline questionnaire and a
brief physical exam. Spirometry was performed according to
American Thoracic Society guidelines; forced vital capacity
(FVC) and forced expiratory volume in one second (FEV1)
were measured [18].

Factors possibly affecting PM performance in PD were
assessed. The Movement Disorder Society-sponsored revi-
sion of the Unified Parkinson Disease Rating Scale (MDS-
UPDRS) was used to assess motor dysfunction [19]. A higher
score is associated with a more severe PD. Cognitive impair-
ment was assessed with the Montreal Cognitive Assessment
[20]. A score of <26 is generally considered suggestive
of cognitive impairment. We assessed dysautonomia using
question 1.12 from the MDS-UPDRS, which evaluates light-
headedness on standing (scores 0–4). A score of 0 represents
no dysautonomia, whereas a score of 1 to 4 represents
dysautonomia.

2.3. Measurements

2.3.1. Polysomnography. Patients underwent standard over-
night polysomnography, using a 6-channel recording system
(C3, C4, F3, F4, O1, and O2), bilateral tibialis anterior and
extensor digitorum electromyography (EMG), and digital
video. Respiratory inductance plethysmography was used for
thoracoabdominal motion, and nasal pressure cannula mea-
sured airflow. Oxygen saturation (SpO

2
) was continuously

monitored with a finger oximeter. Total sleep duration of
minimum 3 hours during PSG was required. Data for PSG
was scored manually by one certified registered polysomno-
graphic technician using standard American Academy of
Sleep Medicine (AASM) clinical criteria [21] for all measures
except respiratory events, which were scored using AASM
research criteria (Chicago criteria) [22]. The software Stellate
Harmony (Natus, Mississauga, Canada) was used. The scor-
ing was subsequently reviewed by an expert sleep physician.
Outcomes of interest were apnea hypopnea index (AHI),
respiratory arousal index (RAI), periodic limb movement
arousal index (PLMAI), total arousal index (TAI), and oxygen
desaturation index (≥4%, ODIPSG).
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2.3.2. Level III Home Portable Monitoring. Type III home
portable monitoring (Embletta Gold NatusMedical Incorpo-
rated, San Carlos, CA, USA) was used. It included two res-
piratory inductance plethysmography belts, a nasal pressure
cannula and a pulse oximeter. The machine was preset by the
research assistant. Data from the PM was scored manually
by the same certified technician who was blinded to the
PSG results and subsequently reviewed by an expert sleep
physician. Embla RemLogic software was used. Scoring was
based on the “Chicago criteria” [22] used in our laboratory
for PSG, modified for PM recordings. Apnea was defined as a
cessation (≥90% decrease from baseline) of nasal airflow for
at least 10 seconds. Hypopnea was defined as a clear decrease
of nasal airflow from baseline (but <90%) lasting at least 10
seconds accompanied by either an oxygen desaturation ≥4%
or a transient pulse acceleration ≥6 beats/min (bpm) as a
surrogate marker for EEG arousal [15] (“autonomic hypop-
nea”), or a decrease in flow ≥50% with neither desaturation
nor pulse increase. The respiratory disturbance index (RDI)
was calculated as the number of apneas and hypopneas per
hour of recording. An oxygen desaturation index (ODIPM)
was also calculated.

2.4. Data Analysis. Baseline demographic and polysomno-
graphic data were described with means and standard
deviations (SD). The Shapiro-Wilk test was used to test
the normality of our data. Simple univariable comparisons
between groups were performed with Student’s 𝑡-test when
the data were normally distributed, or the Mann-Whitney
𝑈 test (MWU) if they were not. 𝜒2 or the Fisher exact
tests were used as appropriate to compare nominal scale
variables. Linear regressions adjusted for age and gender were
performed as well.

The primary outcome of interest was the feasibility of
PM studies in PD patients. The proportion of failures was
estimated as well as its 95% confidence intervals (95% CI).
A study was considered a failure when no signal at all
was available on the recording for all channels. Quality of
the PM recordings was assessed with the total recording
time (minutes), the airflow signal quality (% of optimal
signal), the oxygen saturation signal quality (% of optimal
signal), and the pulse signal quality (% of optimal signal)
as provided by the RemLogic software and was compared
between cases and controls.We assessed correlations between
signal quality and age as well as PD parameters: Hoehn
and Yahr score, PD duration, motor part of the UPDRS,
Montreal Cognitive Assessment (MOCA) score, and dysau-
tonomia score, using the Pearson correlation coefficient. The
secondary outcome of interest was the diagnostic perfor-
mance of the PM device to rule in or rule out OSA in PD
patients. Standard cut-offs for AHI asmeasured on PSG (gold
standard) were evaluated: AHI ≥ 5/h (mild OSA), AHI ≥
15/h (moderate OSA), AHI ≥ 30/h (severe OSA), and ODI
≥ 5/h. Receiver operator characteristic (ROC) curves and a
Bland-Altman plot were built. To evaluate whether specific
patient characteristics affected the accuracy of PM record-
ings, we assessed agreement between RDI and AHI, using the
RDI/AHI ratio, comparing by 𝑡-test those with and without

specific characteristics including age (dichotomized at the
median), motor dysfunction (MDS-UPDRS dichotomized at
themedian), cognitive dysfunction (MOCA< 26 versus≥26),
the presence of dysautonomia, and negative chronotropic
medications. Data were analyzed using SPSS statistics version
22.0 and SAS version 9.3 (SAS Institute, Inc., Cary, North
Carolina, 2010). Statistical significance was defined at the 5%
level.

3. Results

3.1. Subjects’ Characteristics. Of the 44 PD patients recruited,
7 declined because they were not confident about their ability
to install the PM. From the 37 patients who used the device,
10 had a recording failure with no signal at all. Of those, 3
patients accepted a second attempt and one patient had a
subsequent successful recording (Figure 1).

Patient characteristics are shown in Table 1. PD patients
with a successful PM recording had a Parkinson’s disease
duration of 5.3 years (±5.2) on average, with a Hoehn and
Yahr stage range from 1.0 to 4.0. The average Montreal
Cognitive Assessment (MOCA) score of 25.4 (±3.7) and
39.3% had a MOCA score < 26, suggestive of cognitive
impairment. None had frank dementia. Patients were on their
usual PD medication during the study.

Subjects hadOSAofmoderate severity on average onPSG
(AHI 28.2 ± 19.5/h). The obstructive apnea index was 2.5 ±
4.6 events/h; the central apnea index was 1.1 ± 2.8 events/h
(Table 2). Most of the respiratory events were hypopneas
with arousal, but there was little associated hypoxemia; the
respiratory arousal index (RAI) was 24.3 ± 15.8/h and the
oxygen desaturation index (≥4%, ODIPSG) was only 7.3 ±
12.4/h. From PM recordings, the mean RDI was 15.0/h
and the ODIPM was 6.5/h (Table 3). “Autonomic hypopneas”
represented 31.6% of the RDI.

3.2. Feasibility of PM in PD Patients. Feasibility of PM
was assessed with the technical failure rate and the PM
signal quality. Technical failure occurred in 27.0% of patients
on their first attempt (Figure 1) and 2 of 3 (67%) on the
second attempt. There were no significant differences in the
demographic characteristics and in the polysomnographic
data between the PD patients with a successful PM recording
and those with a recording failure, except for the BMI,
which was lower, and the percentage of sleep time in supine,
which was higher for subjects with recording failure (Tables
1 and 2). There was a trend for lower PM signal quality in
PD patients compared to controls. However, airflow signal
quality recording was significantly lower in PD patients.

Correlation coefficients were calculated between the
quality of the signals (proportion of adequate signal) and age
(Table 4) as well as PD-specific variables (Table 7, in Sup-
plementary Materials available online at http://dx.doi.org/
10.1155/2015/258418). Trends were observed for negative cor-
relations between age and quality of signals in PD patients.
However, therewas no significant correlation between quality
of signals and the Hoehn and Yahr score, PD duration, MDS-
UPDRS motor score, MOCA score, or dysautonomia.
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10 patients had a PM 
recording failure on first try 

(no data at all)

7 patients declined, 
because they were not 

confident about 
feasibility

44 patients with PD
without known OSA

were offered to use the
PM

37 patients accepted and 
used the PM

27 patients had a 
successful PM recording 

on first try

3 patients tried the PM a
second time 

9 patients with no PM
data available for further 

analysis

1 patient had a successful 
PM recording on second 

try

28 PD patients in total had PM data available for further
analysis

2 patients had a PM 
recording failure on second 

try

7 patients declined a
second try

Figure 1: Patients’ recruitment flow diagram.

3.3. Performance of PM in PD Patients. The diagnostic
performance of the PM in categorizing mild, moderate, and
severe OSA is presented in Table 5. The sensitivity of the PM
was generally poor, except for AHI ≥ 5/h with a sensitivity of
84% (95%CI: 64%–95%).The specificity of PMwas relatively
high and reached 100% (95% CI: 82%–100%) for AHI ≥ 30/h.
The positive predictive value was consistently high for all
AHI cut-offs in our population.The negative predictive value
(NPV)was poor except forAHI≥ 30/hwhere it was 83% (95%
CI: 61%–95%). The accuracy was above 80% for AHI ≥ 5/h
and for AHI ≥ 30/h in our subject group.

For AHI ≥ 15/h, considered the most clinically relevant
cut-off, several RDI cut-off values were evaluated to try to
improve diagnostic accuracy: RDI ≥ 10/h, RDI ≥ 15/h, and
RDI ≥ 20/h (Table 5). Sensitivity was doubled when RDI ≥
10/h was used compared to the RDI ≥ 15/h cut-off, as there
were less false negatives, with only mildly reduced specificity.
On the other hand, specificity reached 100%whenRDI≥ 20/h
was used compared to RDI ≥ 15/h, as there were less false
positives, but sensitivity was poor.

The performance of ODIPM ≥ 5/h as compared to
ODIPSG ≥ 5/h gave a different pattern than for AHI. It was
more sensitive than specific and had a higher NPV than
PPV. The overall accuracy was 78.6%. Receiver operating
characteristics (ROC) curves for the different AHI cut-offs
are shown in Figure 2. The best area under the curve (0.84;
95% CI: 0.68–1.00) corresponded to the AHI ≥ 5/h cut-off.
The area under curve for ODIPM ≥ 5/h was also high (0.85;
95% CI = 0.70–1.00).

3.4. Agreement between PM Studies and PSG. The Bland-
Altman plot provides a visual representation of the agreement
between PSG and PM (Figure 3). The mean difference (AHI
from PSG, RDI from PM) was positive at 12.4 ± 20.1/h. In
most cases, the PM underestimated the AHI, with only 14%
of the data points below the line of no difference, suggesting
a minority of overestimations by the PM. The difference
between the two measures increased with increasing severity
of OSA.

3.5. Effect of Patient Characteristics on Performance. We
compared the mean RDI/AHI ratio in patients with and
without certain characteristics that could affect PM perfor-
mance, including older age, higher MOCA score, higher
MDS-UPDRS motor score, dysautonomia, and negative
chronotropic medication (Table 6). The two latter factors
were chosen as they were thought to potentially affect the
detection of autonomic arousals used in the scoring of
hypopneas (cf.Materials andMethods). Increasedmotor dys-
function was associated with a significantly lower RDI/AHI
ratio. Presence of dysautonomia and negative chronotropic
medication was also associated with lower RDI/AHI ratio
(not statistically significant).

4. Discussion

We found that PM was feasible in a selected PD population,
although the rate of complete technical failures was relatively
high, and airflow signal quality was lower than in the
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Table 1: Patient baseline characteristics.

PD patients with
successful PM

recording (𝑛 = 28)

PD patients with
PM recording
failure (𝑛 = 9)

PD patients who
declined PM

(𝑛 = 7)

Controls
(𝑛 = 56)

Clinical data
Sex (% male) 71.4 55.6 57.1 71.4
Age (years) 64.6 (11.0) 65.8 (11.2) 66.4 (8.2) 64.9 (10.4)
Body Mass Index (kg/m2) 27.9 (3.7) 24.1 (3.2) 28.3 (4.0) —

Hoehn and Yahr 2.0 (0.9)
(Range: 1.0 to 4.0)

1.9 (1.0)
(Range: 1.0 to 4.0)

2.4 (0.4)
(Range: 2.0 to 3.0) —

Total UPDRS 52.5 (25.2) 46.2 (24.0) 45.7 (14.3) —
Motor UPDRS 25.0 (14.1) 19.3 (13.2) 20.6 (8.7) —
PD duration (years) 5.3 (5.2) 5.6 (2.7) 6.9 (5.9) —

MOCA score 25.4 (3.7)
(Range: 18 to 30)

24.9 (3.1)
(Range: 20 to 29)

25.0 (2.9)
(Range: 22 to 30) —

Levodopa equivalence dose (mg/day) 701.2 (902.3) 804.9 (522.1) 609.1 (210.0) —
Proportion (%) on negative chronotropic medication∘ 17.8 22.2 14.3 —
Proportion (%) with dysautonomia¶ 42.9 66.7 42.9 —
FVC (L) 4.0 (1.0) 3.6 (1.0) 3.2 (0.9) —
FVC % pred. 109 (26.2) 102.6 (11.6) 99.3 (10.5) —
FEV1 (L) 3.0 (0.8) 2.7 (0.7) 2.3 (0.7) —
FEV1 % pred. 103 (25.7) 95.9 (11.3) 87.0 (17.0) —
∘Negative chronotropes include either beta-blockers or calcium channels blockers.
¶The dysautonomia score is based on a question from the first part of theUPDRS (see Section 2), regarding light-headedness on standing. Patients with reported
dysautonomia have slight to severe symptoms, whereas patients with no reported dysautonomia have no symptoms of light-headedness.
PM: portable monitoring.
PD = Parkinson’s disease.
UPDRS: Unified Parkinson’s Disease Rating Scale.
PD duration: number of years since PD diagnosis.
MOCA: Montreal Cognitive Assessment.
FVC: forced vital capacity.
FEV1: forced expiratory volume in one second.

control group. The PM had generally low sensitivity but high
specificity for various cut-offs of AHI, making it an adequate
tool to “rule in” but not “rule out” OSA in PD patients.
Overall, the RDI was an underestimate of the AHI. The PM
had an excellent sensitivity for ODI ≥ 5/h.

The failure rate among subjects who attempted an initial
PM study was 27.0% in our group of PD patients. This is
higher than the rate of 10.3% previously reported in the
general sleep clinic population [11] and than in our clinical
laboratory, 1% to 7% per month for the same time period
[23]. Moreover, 7 of 44 (16%) PD patients who were offered
PM testing declined and only 30% of those who had a
technical failure agreed to repeat the study. Most patients
declined because they felt self-installation of the PM was
too overwhelming. Psychiatric symptoms associated with PD
such as anxiety or depression could be another factor related
to the high noncompletion rate. Of note, these patients also
underwent PSG as part of the study protocol. In the clinical
setting, patients might theoretically prefer to undergo or
repeat a PM study rather than undergoing PSG.

Although the quality of the airflow and pulse oximetry
signals was overall adequate, there was a significantly lower
airflow signal quality for PD patients compared to controls.

It is possible that motor symptoms or cognitive dysfunction
present in PD could impede the proper installation of the
device or more readily lead to displacement of the nasal
cannula during the night. However, neither the PD motor
severity variables nor theMOCA score correlated with signal
quality (Table 7, supplementary materials). Age appears to
play a role in PD patients but not in control subjects (Table 4)
with respect to signal quality. However, this does not appear
to affect performance of the PM as RDI/AHI ratio was no
different in younger versus older patients (Table 6). We did
not systematically assess whether the patients installed the
PM device themselves or if a caregiver helped them, but this
might have affected willingness to undergo PM testing as well
as signal quality.

Our data suggest that PM is a good tool to rule in OSA in
PD patients with a prior clinical suspicion, as the specificity
and the PPV were high. Specificities for PM in PD patients
were roughly equivalent to those reported in the general
population [11]. Patients with a PM recording suggestive of
moderate or severe OSA are most likely to have OSA. This
is consistent with the current AASM recommendation that
PM may be used to rule in OSA in patients with a high
pretest probability of moderate to severe OSA [9]. However,
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Table 2: Polysomnographic data.

PD patients with successful
PM recording (𝑛 = 28)

PD patients with PM
recording failure (𝑛 = 9)

Polysomnographic data
Total sleep time (min) 333.3 (59.9) 334.3 (56.9)
Sleep efficiency (%) 76.3 (12.5) 78.5 (14.0)
Wake after sleep onset (min) 89.5 (57.2) 90.5 (67.1)
Stage changes 177.9 (65.9) 161.6 (40.3)
Stage 1 (% TST) 13.8 (11.6) 10.0 (5.2)
Stage 2 (% TST) 50.9 (14.5) 51.4 (15.3)
Stage 3 (% TST) 23.3 (16.4) 26.0 (17.8)
Stage REM (% TST) 12.0 (8.1) 12.7 (9.4)
% Total sleep time in supine position 59.9 (29.5) 47.1 (18.7)
Total arousal index (events/h) 43.0 (17.7) 37.6 (13.6)
Respiratory arousal index (events/h) 24.3 (15.8) 16.9 (11.3)
Periodic limb movements of sleep index (events/h) 19.6 (21.5) 59.1 (65.3)
Periodic limb movements arousal index (events/h) 2.8 (3.5) 5.6 (5.8)
Spontaneous arousal index (events/h) 15.5 (6.2) 15.0 (4.6)
AHI (events/h) 28.2 (19.5) 20.4 (13.0)
Proportion (%) with AHI ≥ 5 89.3 87.5
Proportion (%) with AHI ≥ 15 78.6 62.5
Proportion (%) with AHI ≥ 30 35.7 25.0
ODI (events/h) 7.3 (12.4) 3.6 (3.2)
Obstructive apnea index (events/h) 2.5 (4.6) 1.1 (2.3)
Central apnea index (events/h) 1.1 (2.8) 0.5 (0.7)

AHI: apnea hypopnea index.
ODI: oxygen desaturation index.
No significant differences were found between those with successful versus failed recordings.

Table 3: PM data for PD patients and non-PD controls.

PD patients (𝑛 = 28) Controls (𝑛 = 56) Adjusted 𝑝 values∗

Quality variables
Recording time 470.7 (75.7) 439.9 (84.6) 0.11
Airflow signal quality (%)♯ 91.1 (14.2) 98.3 (5.2) 0.001
Oxygen saturation signal quality (%)♯ 93.4 (16.6) 95.7 (14.6) 0.51
Pulse signal quality (%)♯ 93.9 (16.2) 95.8 (14.6) 0.58

OSA variables
RDI (events/h) 15.0 (15.1) 22.3 (19.5) —
Supine RDI (events/h) 18.8 (24.4) 24.2 (21.7) —
Nonsupine RDI (events/h) 9.6 (12.4) 15.6 (17.6) —
Time in supine (%) 52.6 (30.8) 48.2 (35.3) —
Mean saturation (%) 93.7 (4.6) 93.6 (2.5) —
Oxygen desaturation index (events/h) 6.5 (8.1) 12.6 (13.7) —

Values are mean (SD) unless specified.
♯(%) Percentage of optimal signal quality as provided by the RemLogic software.
∗Adjusted 𝑝 value was obtained by performing linear regression, adjusted for age and gender.
PD: Parkinson’s disease.
RDI: respiration disturbance index.
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(c) ROC curve for AHI ≥ 30
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(d) ROC curve for ODI ≥ 5

Figure 2: Receiver operating characteristics curve analysis of PM for AHI ≥ 5, AHI ≥ 15, AHI ≥ 30, and ODI ≥ 5. ROC referred to an AHI
cut-off from PSG, which shows the sensitivity and specificity of each observed value of the RDI obtained from the PM in relation to the given
PSG cut-off.

Table 4: Correlation of signals quality with age in PD patients and
controls.

Cases Controls
𝑟 𝑝 𝑟 𝑝

Airflow signal quality −0.36 0.06 −0.14 0.32
Oxygen saturation signal quality −0.36 0.07 −0.11 0.41
Pulse signal quality −0.34 0.09 −0.10 0.45
𝑟: Pearson correlation coefficient.
𝑝: 𝑝 value.

it does not seem to be an adequate tool to rule out OSA. The
sensitivities andNPVs of the PMwere poorer for PDpatients.
There was a high rate of false negatives, higher than the 4 to

8% of false negative reported by the AASM for unattended
type III PM [9]. The PM tends to underestimate severity of
OSA, as seen on the Bland-Altman plot.Themean bias (AHI-
RDI) was 12.4 ± 20.1/h. Discrepancy between RDI and AHI
was significantly greater in patients with more marked motor
dysfunction (Table 6). Scoring of respiratory events on PM
recordings in these patients may be more challenging in the
absence of EEG.

An important factor that could contribute to the
increased PM false negative rate is the type of OSA found
in PD patients. In our population, most events on PSG were
hypopneas with arousals but few desaturations. This is likely
in part due to lower BMI of our study subjects compared
to general population with OSA, which has been shown
to result in less desaturation in association with apnea and
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Table 5: Performance of PM for multiple AHI cut-offs and ODI.

Parameters (𝑛 = 28) Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI)

AHI ≥ 5/h (𝑛 = 25) RDI ≥ 5/h
0.84 (0.64–0.95) 0.67 (0.09–0.99) 0.95 (0.77–0.99) 0.33 (0.04–0.78) 0.82 (0.63–0.94)

AHI ≥ 15/h (𝑛 = 21)

RDI ≥ 10/h
0.62 (0.38–0.82) 0.71 (0.29–0.96) 0.87 (0.59–0.98) 0.38 (0.14–0.68) 0.64 (0.44–0.81)

RDI ≥ 15/h
0.33 (0.14–0.57) 0.71 (0.29–0.96) 0.78 (0.40–0.97) 0.26 (0.09–0.51) 0.43 (0.24–0.63)

RDI ≥ 20/h
0.33 (0.15–0.57) 1.00 (0.59–1.00) 1.00 (0.59–1.00) 0.33 (0.15–0.57) 0.50 (0.31–0.69)

AHI ≥ 30/h (𝑛 = 9) RDI ≥ 30/h
0.56 (0.21–0.86) 1.00 (0.82–1.00) 1.00 (0.48–1.00) 0.83 (0.61–0.95) 0.86 (0.67–0.96)

ODIPSG ≥ 5/h (𝑛 = 5) ODIPM ≥ 5/h
0.88 (0.47–0.99) 0.80 (0.56–0.94) 0.64 (0.31–0.89) 0.94 (0.71–1.00) 0.82 (0.63–0.94)

RDI (respiration disturbance index) was used for home portable monitoring.
AHI (apnea hypopnea index) was used for polysomnography.
ODI: oxygen desaturation index.
95% CI: 95% confidence interval.
PPV: positive predictive value.
NPV: negative predictive value.

Table 6: Assessment of patient characteristics in relation to discrepancies between RDI and AHI.

RDI/AHI ratio 𝑝 value 95% CI

Age∗ <Median (𝑛 = 14) >Median (𝑛 = 14)
0.78 (0.84) 0.71 (0.54) 0.82 −0.49; 0.61

MOCA <26 (𝑛 = 12) ≥26 (𝑛 = 16)
0.70 (0.82) 0.77 (0.61) 0.81 −0.52; 0.66

Motor UPDRS <Median (𝑛 = 14) >Median (𝑛 = 14)
1.02 (0.85) 0.46 (0.32) 0.03 0.05; 1.08

Dysautonomia¶ Yes (𝑛 = 12) No (𝑛 = 16)
0.57 (0.31) 0.87 (0.87) 0.22 −0.20; 0.79

Neg. chronotropic med. Yes (𝑛 = 6) No (𝑛 = 22)
0.53 (0.28) 0.79 (0.75) 0.21 −0.17; 0.68

Either dysautonomia or neg. chronotropic med. Yes (𝑛 = 18) No (𝑛 = 10)
0.58 (0.30) 0.89 (0.90) 0.24 −0.22; 0.82

∗Groups of age were separated according to the median age (63.5 years). Patients with younger age are <63.5 years and patients with older age are ≥63.5 years.
MOCA: Montreal Cognitive Assessment.
UPDRS: Unified Parkinson’s Disease Rating Scale.
¶The dysautonomia score is based on a question from the first part of theUPDRS (see Section 2), regarding light-headedness on standing. Patients with reported
dysautonomia have slight to severe symptoms, whereas patients with no reported dysautonomia have no symptoms of light-headedness.
Neg. chronotropic med.: Negative chronotropic medication (i.e., calcium channel blockers and/or beta-blockers).
RDI: respiratory disturbance index (measured with PM).
AHI: apnea hypopnea index (measured with PSG).
95% CI: 95% confidence intervals.

hypopnea during sleep [24]. However, on PM, EEG is not
recorded and arousals are not scored. Cascon et al. found that
heart rate increases associated with autonomic hypopneas
considered as a surrogate marker of cortical arousals could
improve the diagnostic accuracy of OSA with PM [15].
This has been standard in our sleep laboratory for some
years. However, PD patients frequently have dysautonomia,
which could undermine the accuracy of the PM by blunting
heart rate responses. In our cohort, 43% had dysautonomic
features, with self-reported light-headedness. Although this
is a subjective and imprecise assessment of dysautonomia,

those patients appeared to have greater discrepancy between
RDI and AHI. Moreover, Lachapelle et al. have suggested
that negative chronotropes could interfere significantly with
“autonomic hypopnea” detection and consequently with PM
accuracy [25]. Of our patients, 18% were on either beta-
blockers or calcium channel blockers. Although we did not
have sufficient power to demonstrate a statistically significant
effect, our data suggest that these two factors could affect
the accuracy of PM recordings by impeding measurement of
pulse accelerations needed to score some hypopneas causing
underestimation of events. It is also important to note that
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Figure 3: Bland-Altman plot comparing AHI from PSG and RDI
from PM.

laboratories that do not score “autonomic hypopneas” and
rely solely on oxygen desaturation to score hypopnea events
on PM would most likely significantly underestimate the
AHI, resulting in lower sensitivity for OSA diagnosis.

None of the patients in our study had any hypoventilation
or predominant central sleep apnea. This is similar to the
findings of Cochen De Cock et al. [3]. However, others [26]
have found a number of PD patients with predominant cen-
tral sleep apnea. This may depend on the patient population,
comorbidities, and PD medications [26].

Overestimation of AHI occurred in 14% of the PM
studies. This could be due to artefacts that would be more
difficult to appreciate on PM recordings than on PSG.
Sleep staging is not performed with PM, and respiratory
fluctuations in wakefulness may have been scored as sleep-
disordered breathing. Moreover, the PM and PSG studies
were run on separate nights, so the night-to-night variability
in OSA severity may have contributed to discrepancies [27].

Strengths and Limitations. We studied the PM in its site of
intended use, the patient’s home, which aimed at representing
performance in real practice. PSG and PM studies were
scored by the same sleep technician, in a blind manner,
helping to prevent interscorer variability and observational
bias. Our experimental design simulated the clinical use
of PM in our sleep laboratory, with instructions regarding
the installation of the PM identical to the standard clinical
setting. This makes our results generalizable to the average
sleep laboratory setting.

There were some limitations to our study. PSG and PM
in the PD patients were done on two different nights, in
two different environments. Although these are more “real-
life” conditions, differences in results may be explained at
least in part by night-to-night variability which is known
to occur in OSA in the general population [27]. However, a
previous study suggested OSA in PD appears to be relatively
stable across different nights [28]. Further research with
simultaneous PM and PSG on the same night could be
relevant to better assess this factor. In this study, we have not
excluded patients with RLS. We had a relatively high number

of positive questionnaires for RLS, but we did not have
clinical confirmation of RLS diagnosis. The questionnaire
may overestimate RLS due to inclusion of RLS mimics by the
questionnaire. We found that the periodic limb movements
of sleep index (PLMS) and the PLM-related arousal index
(PLMAI) were relatively low (Table 2). Therefore, we expect
PLM to only have a minor influence on our data. The
study sample was relatively small and our population may
not be entirely representative of all PD patients, which can
affect external validity. We excluded patients that could
not undergo in-laboratory PSG, thereby excluding most
advanced PD patients. Patients could also decline to undergo
PM if they did not feel capable of doing it. Hence, our results
apply to a selected population of PD patients. This study was
observational and not experimental and there remains the
potential for unknown and unmeasured bias.

Clinical Relevance. Our results can be applied to a clinical
population of PD patients with sleep complaints. When a PM
study is positive for moderate or severe OSA in a PD patient,
it is likely that the patient has clinically significant OSA and
could benefit from treatment, such as CPAP. Treating OSA
in PD could help improve NMS, such as excessive daytime
sleepiness [2, 29]. Conversely, when a PM study is negative,
mild and moderate OSA have not been excluded, although
severeOSA is less likely. A full PSG should then be considered
in this case. PSG should also be performed when other sleep
disorders are suspected.

5. Conclusion

To our knowledge, this is the first study attempting to validate
the use of PM in PD patients and as such it addresses a
knowledge gap in the literature. There is recently a trend for
increased use of PM for OSA diagnosis. It is important to
understand implications of using this type of sleep testing
in PD. Additionally, PM use may help simplify access to
OSA diagnosis in PD, since PSG has limited availability
and may represent a significant burden in PD patients. Our
study suggests that PM is feasible in some PD patients,
although the failure rate was higher and the signal quality
was lower than in a general sleep clinic population. Increasing
age was associated with poorer signal quality but this did
not affect the agreement between RDI and AHI. However,
in patients with greater motor dysfunction and in those
with dysautonomia or on negative chronotropicmedications,
the severity of OSA was underestimated by the PM (lower
RDI/AHI ratio). Overall, PM is a good tool to rule in OSA in
PD patients with moderate or severe OSA. In the context of
increasing evidence implicating OSA as a potentially harmful
and frequent comorbidity in PD, increasing the use of home
testing in clinical practice when appropriate could facilitate
a prompt diagnosis and treatment of OSA. The limitations
of PM performance have to be taken into account when
deciding on its use and when interpreting PM recordings,
including its inability to detect sleep disorders other than
OSA. Additional studies with larger cohort are needed to
confirm these findings and to assess the cost-effectiveness of
strategies employing PM testing among PD patients.
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