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A B S T R A C T

Introduction: We aimed to assess, in patients with Parkinson's disease (PD), the association between obstructive
sleep apnea (OSA), progression of motor dysfunction and the effect of OSA treatment.
Methods: Data were analysed from a prospective cohort study of idiopathic PD patients from a movement dis-
orders clinic. Patients found to have OSA on polysomnography (apnea-hypopnea index [AHI] ≥15 events/h,
OSA+) were offered treatment using continuous positive airway pressure (CPAP). CPAP+ was defined as an
average ≥ 2 h/night use at each follow-up. Motor symptoms were assessed using the motor section of the
Movement Disorder Society Unified Parkinson's Disease Rating Scale (mUPDRS) and the Timed-Up-And-Go
(TUG). Follow-up times were 3, 6 and 12 months. Mixed models were constructed, adjusting for age, sex, body
mass index, levodopa equivalent dose and comorbidities.
Results: We studied 67 individuals (61.2% male) of mean age 64.7 years (SD = 10.1). Baseline mUPDRS was
higher in OSA+ compared to OSA- (24.5 [13.6] vs. 16.2 [7.2], p < 0.001). Motor dysfunction increased at
comparable rates in OSA- and OSA+CPAP-. However, in OSA+CPAP+, mUPDRS change was significantly
lower compared to OSA- (β =−0.01 vs. 0.61, p = 0.03; p = 0.12 vs. OSA+CPAP- [β = 0.39]) and TUG change
was lower compared to OSA+CPAP- (β = −0.01 vs. 0.13, p = 0.002; p = 0.05 vs. OSA- [β = 0.02]).
Conclusions: In this PD cohort, OSA was associated with higher baseline mUPDRS. In those with OSA, CPAP use
was associated with stabilization of motor function (mUPDRS and TUG) over 12 months. These observations
support further research to clarify the role of OSA in PD pathophysiology and motor dysfunction.

1. Introduction

Parkinson's disease (PD) is a progressive neurodegenerative dis-
order, affecting over 1.7% of people over age 65 [1]. It results from loss
of dopaminergic neurons, causing hallmark motor symptoms and non-
motor symptoms including neurobehavioral disorders, cognitive im-
pairment and sleep disorders [2].

Obstructive sleep apnea (OSA) is a common, treatable sleep disorder
in the general population, characterized by recurrent upper airway
obstruction during sleep, leading to intermittent hypoxemia and mi-
croarousals from sleep. In the general population, OSA is known to
affect neurocognitive function, and to increase the risk of and morbidity

associated with stroke [3,4]. OSA treatment can reduce morbidity and
possibly mortality.

OSA and PD often coincide with one another, whether due to the
high general prevalence of OSA, the higher incidence of OSA in PD, or
OSA predisposing to PD. In large-scale population studies with long
follow-up periods, OSA has been suggested to increase the incidence of
PD [5]. Our group has found an association between OSA and PD non-
motor symptoms [6], which improved with OSA treatment [7]. How-
ever, the interrelationship between OSA, OSA treatment and PD motor
manifestations has not been studied. The objectives of this analysis of a
prospective cohort were to (1) measure the association between OSA
and PD motor symptom severity at baseline, and (2) assess the
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association between OSA, CPAP therapy, and motor symptom pro-
gression in PD.

2. Methods

2.1. Study subjects and design

A prospective cohort study was conducted with idiopathic PD pa-
tients from a Movement Disorder Clinic. Patients with sleep complaints
were recruited between November 2011 and July 2014. Inclusion cri-
teria were a clear diagnosis of idiopathic PD by the clinic neurologist
according to the UK Parkinson's Disease Society Brain Bank Diagnostic
Criteria [8], ability to transfer with minimal assistance for in-laboratory
polysomnography (PSG) and adequate proficiency in English or French.
The exclusion criteria were having other major neurological disorders,
unstable cardiac disease, uncontrolled hypertension, diabetes, active
cancer, disorders with expected survival< 6 months, active treatment
of OSA, or cognitive or psychiatric conditions that interfere with in-
formed consent or study procedures.

At baseline, data collection included demographic data, medical and
PD history, including Hoehn & Yahr (H&Y) stage [8], medication data
and sleep habits. Patients underwent clinical evaluation and overnight
PSG. PD motor symptom progression in PD was assessed using the part
3, motor section, of the Movement Disorder Society Unified Parkinson's
Disease Rating Scale (mUPDRS) [9], where a higher mUPDRS score
indicates greater dysfunction. The Timed Up and Go (TUG) test was
performed as a measure of functional mobility [10]. Testing was done
in the “on” state, where medications were in effect. Patients' levodopa
equivalent dose (LED) was calculated using standard formulas [11]. The
presence of clinical rapid eye movement sleep behavior disorder (RBD)
was identified by an in-house questionnaire (e.g. movements/vocali-
zation in sleep, dream enactment, injury), as well as a validated ques-
tionnaire (Postuma), and the diagnosis was confirmed by clinical in-
terview and presence of PSG features whenever possible [12]. Standard
overnight PSG was done using the Harmonie System (Stellate, Mon-
treal, Canada), with recordings from 6 EEG channels (C3, C4, F3, F4, O1
and O2); standard EMG and EOG; airflow via nasal pressure cannula;
thoracoabdominal movements via inductive plethysmography (Respi-
trace Systems, Ardsley, NY); single-lead EKG; pulse oximetry; snoring;
body position; and digital video. Non-motor symptoms were assessed
using validated questionnaires, detailed in Mery 2017 [6].

OSA+ was defined as an apnea-hypopnea index (AHI) of ≥15
events/h using Chicago criteria [13]. OSA+ received counseling about
OSA and were offered treatment with CPAP. Participants who agreed to
CPAP therapy were treated with standard auto-PAP (initial pressure
range 5–15 cm H2O, Philips-Respironics System One REMstar Auto).

Follow-up times were at 3, 6 and 12 months. Interim data collected
included medical history and medication data. UPDRS, TUG and non-
motor assessments were also conducted at each follow-up, in the “on”
state. The type and dosage of antiparkinsonian mediation were allowed
to vary over the follow-up period based on the evaluation of the
treating neurologist. CPAP compliance and efficacy data were down-
loaded from device memory. Data included residual AHI, mean hours
used per night, and % nights used> 4 h, and were used to optimize
CPAP therapy.

2.2. Statistical analysis

We categorized patients at each time point based on their OSA and
CPAP status: those who did not have OSA (OSA-), those diagnosed with
OSA but not using CPAP (OSA+CPAP-), and those with OSA and using
CPAP (OSA+CPAP+). CPAP status varied by time (3, 6 and 12
months). A patient was defined as CPAP+ for a given follow-up time
period if average CPAP use was ≥2 h/night. Baseline OSA/CPAP ca-
tegories (Table 1) where derived from patients’ 3-month category as-
signments. Individuals who never used CPAP or tried CPAP but

discontinued use before 3 months were categorized as CPAP-.
Baseline patient demographics and PSG data for each group were

summarized using means and standard deviations (SD) or counts and
proportions, where appropriate. Differences between baseline char-
acteristics in the three OSA/CPAP categories were compared using
analysis of variance (ANOVA) tests. Variables showing a significant
difference in mean between overall OSA/CPAP categories were tested
using Tukey's honestly significant difference (HSD) post hoc test to
determine significance in difference between two groups. Differences in
baseline mUPDRS and TUG between OSA categories were compared
using linear regression.

Linear mixed-effects models were used to assess associations be-
tween OSA, CPAP and motor outcome progression. We included a
random intercept by subject to account for the correlation between
observations from the same person. Motor UPDRS score and TUG time
were used as outcomes in independent models, with an interaction
between OSA/CPAP group and time as the predictor. Covariates were
selected a priori based on clinical associations to the primary outcome
and OSA, and included age, sex and body mass index (BMI), and pre-
sence of comorbidities, defined as at least one of the following condi-
tions found most commonly in our sample: hypertension, diabetes, any
cardiac disease or hypothyroidism. Because the motor outcomes are
sensitive to dopaminergic medications, we also included time varying
LED at each time point.

In sensitivity analyses for the mUPDRS outcome, we assessed the
effect of CPAP as a continuous variable, in average hours of use per
night. In additional sensitivity analyses, we adjusted for RBD. Finally,
we repeated analyses removing the highest-influencing individual.
Estimates, in average change in mUPDRS per month, were presented
with 95% confidence intervals (CI).

All data were analysed using R software version 3.4.0 (R Foundation
for Statistical Computing, Vienna, Austria, https://www.R-project.org/
). Statistical significance levels for all tests were set to p < 0.05.

3. Results

3.1. Patient characteristics

A total of 243 patients with idiopathic PD were assessed for elig-
ibility. Of these, 176 patients were excluded or not available for the
study (Fig. S1). The number of participants in each OSA/CPAP category
with data available for analysis at each time point are also shown in
Fig. 1. Of the 67 study participants at baseline, 20 were OSA- and 47
were OSA+. Over the follow-up time, a total of 9 (13.4%) participants
changed CPAP status, with most switching off CPAP therapy between 6
and 12 months.

Overall median CPAP use among patients on CPAP was 4 h 7 min/
night (Min 2 h 1 min, Max 7 h 6 min/night). Median CPAP usage at 3
months among those on CPAP was 3 h 42 min/night (Min 2 h 2 min,
Max 5 h 54 min/night); 4 h 7 min/night (Min 2 h 1 min, Max 7 h 6 min/
night) at 6 months; and 4 h 34 min/night (Min 2 h 48 min, Max 6 h 46
min/night) at 12 months.

Baseline demographic characteristics and sleep parameters are
summarized in Table 1, based on participant grouping at 3 months. PSG
results showed that OSA+ had severe OSA on average with no differ-
ence in AHI between CPAP+ and CPAP-. There was increased re-
spiratory-related sleep disruption among OSA+ compared to OSA-, but
this did not differ between CPAP+ and CPAP-.

In that there appeared to be differences in baseline measures of
motor function across OSA- and OSA+ groups (Table 1), we compared
baseline mUPDRS and TUG between OSA+ and OSA- using linear re-
gression (Table 2). Unadjusted analysis showed a higher mUPDRS, in-
dicating greater dysfunction, in OSA+ than in OSA-, but no significant
difference in TUG scores. To account for potential confounding factors
in the observed relationship between motor function and OSA, we
constructed multivariable regression models with baseline mUPDRS or
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TUG as the outcome and diagnosis of OSA as the predictor, adjusted for
patients’ age, sex, BMI, LED, RBD and presence of comorbidities. We
found a significantly higher mUPDRS in OSA+ compared to OSA-
consistent with the unadjusted model, while the model using TUG as
the outcome with the same predictor and covariates showed no dif-
ference in baseline TUG between OSA+ and OSA- individuals.

Over the follow-up period, average LED in the OSA+CPAP- group
was 761.1 mg (SD = 511.6) at 3 months, 932.9 mg (1179.0) at 6
months, and 661.7 mg (446.9) at 12 months. For the OSA+CPAP+
group, it was 643.1 mg (457.3) at 3 months, 524.3 mg (294.1) at 6
months and 523.2 mg (315.2) at 12 months. For the OSA- group, it was
777.2 mg (553.2) at 3 months, 722.8 mg (462.2) at 6 months and
786.4 mg (357.5) at 12 months. There were no statistically significant
changes in average LED dose within any group.

3.2. Effect of OSA treatment on motor symptom progression

The average unadjusted mUPDRS and TUG scores at each timepoint
are presented in Table 3. To account for potential confounding influ-
ences, we assessed the change in mUPDRS over time between groups
using a linear mixed model, adjusting for age, sex, BMI, LED and co-
morbidities. As illustrated in Fig. 1, the model revealed mUPDRS in-
creased over the follow-up period in OSA- (β = 0.61, 95% CI: 0.20 to
1.02) and OSA+CPAP- (β = 0.39, 95% CI: 0.00 to 0.78). The change in
mUPDRS was not significantly different between OSA- and
OSA+CPAP- (p = 0.45). In contrast, mUPDRS decreased in the

OSA+CPAP+ group (β = −0.01, 95% CI: 0.38 to 0.36, p = 0.01 vs.
OSA-; p = 0.12 vs. OSA+CPAP-).

We also estimated a model with TUG as the outcome using the same
predictor and covariates as for mUPDRS. The OSA+CPAP+ group
showed a markedly slower progression of motor symptoms compared to
the OSA+CPAP- group (β =−0.01, 95% CI: 0.12 to 0.13 vs. β = 0.13,
95% CI: 0.03 to 0.24, p=<0.01, Fig. 1).

We performed sensitivity analyses for the mUPDRS outcome as
follows. We estimated a mixed model analysis using CPAP as a con-
tinuous variable, in average hours per night of use (Fig. S2). Progression
of motor symptom severity remained comparable between OSA- and
patients with OSA not using CPAP. Progression was slower with greater
CPAP use, consistent with our main model, though not statistically
significantly so (β =−0.05, 95% CI: 0.42 to 0.32 for average CPAP use
[3 h 39 min/night]; β = −0.41, 95% CI: 0.80 to −0.02 for 95th
percentile use [5 h 42 min h/night], p = 0.16).

We also included RBD as a covariate (Fig. S3). Motor UPDRS change
in each group was comparable to our main model. RDB was not sig-
nificantly associated with mUPDRS progression. Finally, we constructed
a mixed model removing 12-month data of an outlier, which resulted in
similar conclusions to the main analysis (data not shown).

4. Discussion

Our study assessed the relationship between OSA, CPAP treatment
and motor symptoms in PD patients. Patients with OSA had a

Table 1
Baseline data summary.

OSA-(n = 20) OSA+CPAP-(n = 21) OSA+CPAP+ (n = 26) p valuea

Demographic Data
Age, mean years (SD) 61.5 (8.4) 64.6 (10.8) 67.4 (10.5) 0.19
Male Sex, n (%) 12 (60.0) 11 (52.4) 18 (69.2) 0.50
BMI, mean kg/m2 (SD) 26.1 (3.3) 27.5 (4.2) 29.47 (4.6) 0.02
LED, mean mg (SD) 789.8 (616.9) 848.7 (1050.4) 583.6 (416.2) 0.47
Comorbidities, n (%) 3 (15.0) 13 (61.9) 12 (46.2) < 0.01
Clinical RBD, n (%) 7 (35.0%) 6 (28.6%) 15 (57.7) 0.10
Disease Time from Diagnosis, mean years (SD) 5.4 (3.5) 6.6 (5.9) 5.4 (6.1) 0.71
Motor UPDRS, mean (SD) 16.2 (7.2) 26.2 (14.4) 22.9 (13.7) 0.02
H&Y, mean grade (SD) 1.8 (0.7) 2.3 (0.8) 2.1 (0.9) 0.10
TUG, mean seconds (SD) 7.2 (1.8) 7.9 (2.3) 10.4 (4.9) < 0.01

Sleep Parameters
TST, min (SD) 322.9 (73.5) 317.5 (68.1) 328.5 (52.7) 0.85
SE, % (SD) 74.6 (15.3) 75.1 (13.5) 75.7 (12.6) 0.97
Number of Awakenings, mean (SD) 22.6 (13.9) 30.4 (15.8) 42.0 (24.9) < 0.01
Stage changes, mean (SD) 130.6 (47.8) 172.3 (48.7) 197.9 (54.6) < 0.01
Stage N1, % (SD) 8.1 (4.7) 13.2 (7.9) 15.9 (11.7) 0.02
Stage N2, % (SD) 53.8 (17.3) 54.4 (15.4) 55.0 (13.6) 0.97
Stage N3, % (SD) 28.2 (21.0) 22.3 (13.5) 17.8 (12.2) 0.09
REM sleep, % (SD) 9.8 (6.6) 10.1 (8.5) 11.3 (7.0) 0.78
WASO, min (SD) 96.6 (57.5) 92.0 (54.6) 96.5 (62.2) 0.96
AHI,/h (SD) 7.3 (4.2) 33.2 (13.3) 38.0 (21.5) < 0.01
Supine AHI,/h (SD) 10.6 (5.6) 36.7 (17.3) 48.2 (30.2) < 0.01
Non-supine AHI,/h (SD) 5.9 (3.8) 23.8 (16.4) 31.9 (24.1) < 0.01
TST Supine, % (SD) 47.8 (23.5) 60.0 (23.5) 56.1 (30.7) 0.42
ODI,/h (SD) 0.6 (0.8) 5.4 (7.8) 12.3 (18.1) < 0.01
Nadir SaO2, % (SD) 88.0 (4.2) 85.7 (3.8) 83.0 (5.2) < 0.01
Time SaO2 < 90%, % of TST (SD) 2.8 (4.1) 4.5 (7.8) 11.8 (15.6) 0.02
Respiratory arousal index,/h (SD) 6.6 (3.9) 28.3 (12.2) 32.1 (17.5) < 0.01
Total arousal index,/h (SD) 24.1 (8.1) 47.9 (17.5) 51.2 (18.1) < 0.01
PLMS,/h (SD) 14.1 (25.9) 33.2 (46.7) 23.3 (34.5) 0.28
PLMA,/h (SD) 1.8 (2.7) 3.5 (4.5) 2.9 (3.6) 0.36
EES >10, n (%) 4 (20.0) 8 (38.1) 9 (34.6) 0.46

OSA/CPAP categories are defined based on status at the 3-month follow-up. Abbreviations: AHI = Apnea-Hypopnea Index; BMI = Body Mass Index;
Comorbidities = diagnosis of at least one of the following: hypertension, diabetes, any cardiac diseases or hyperthyroidism; CPAP = Continuous Positive Airway
Pressure; EES = Epworth Sleepiness Scale; H&Y= Hoehn and Yahr; LED = Levodopa Equivalent Dose; ODI = Oxygen Desaturation Index; OSA= Obstructive Sleep
Apnea, defined as Apnea-Hypopnea Index ≥15/h; PLMA= Periodic Limb Disorder Movements Associated with Arousal; PLMS = Periodic Limb Movements of Sleep
Index; RBD = Rapid eye movement sleep behavior disorder; SE = Sleep Efficiency; TUG = Timed Up and Go; TST = Total Sleep Time; UPDRS = Unified Parkinson
Disease Rating Scale; WASO = Wake After Sleep Onset .

a Obtained via ANOVA tests.
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significantly higher baseline mUPDRS compared to those without OSA,
adjusting for potential confounders. This higher baseline mUPDRS is
consistent with previous reports, where PD patients with more severe
OSA were also more likely to have greater motor dysfunction [14].

This association could be explained in several ways. First, PD may
predispose to OSA. Neuronal degeneration in respiratory control cen-
tres may affect OSA severity. This has been observed in a rat model of
PD, where the degeneration of tyrosine hydroxylase neurons in the
substantia nigra pars compacta caused respiratory deficits [15]. Re-
sulting deficits may lead to sleep-disordered breathing. Motor dys-
function in PD can also affect upper airway musculature, and levodopa
can influence upper airway obstruction [16]. We recently reported that
long-acting levodopa use at night was associated with reduced OSA
severity in PD [17]. Moreover, pharyngeal muscles in PD patients show
atrophic changes and increased neural degeneration when compared to
controls [18]. These upper respiratory abnormalities related to pro-
gressing PD may contribute to OSA pathophysiology.

However, OSA may also, in turn, have adverse effects on PD. In
support of this, large population studies have suggested that pre-ex-
isting OSA predisposes to PD [5]. Conversely, a multicenter study from
the International RBD Study Group found OSA not to be a risk factor for
subsequent development of PD among idiopathic RBD patients, al-
though OSA scoring criteria were not standardized or defined and likely
differed between centres, making conclusions on OSA less reliable [19].

Intermittent hypoxemia, a consequence of OSA, may increase the
loss of dopaminergic neurons in brain areas implicated in PD, such as
the substantia nigra, as dopamine pathways appear to be particularly
vulnerable to ischemic-anoxic insults [20]. Recent work in an animal
model found increased inflammation and oxidative stress in the sub-
stantia nigra in response to chronic intermittent hypoxia [21]. Damage
to neuronal integrity in the locus coeruleus, another area implicated in
PD which plays an important role in maintaining a protective effect
against neurotoxic insults, has also been found in response to inter-
mittent hypoxemia [22]. OSA-related sleep fragmentation also has
detrimental effects on the brain. It has been implicated in decreased
neuronal excitability in regions including the locus coeruleus [23].
Additionally, sleep fragmentation due to OSA could impair homeostatic
effects of sleep. Sleep promotes clearance of cellular degradation pro-
ducts accumulated during waking periods, such as β-amyloid and α-
synuclein. The latter is believed to be a key element in PD pathogenesis
and neurodegeneration [24]. Perturbed sleep and resulting

Fig. 1. Progression of Parkinson's Motor Dysfunction in Each Study Group Comparison of (A) average motor UPDRS score and (B) TUG over follow-up time in
subjects with or without OSA, with or without CPAP use. Slopes (β) and their 95% CI are obtained from a mixed model, expressed as change in mUPDRS score per
month. Models are adjusted for sex, age, BMI, LED and comorbidities.

Table 2
Baseline Parkinson's motor dysfunction in OSA groups.

Unadjusted Estimate
β (95% CI)

p-value Adjusted Estimatea

β (95% CI)
p-value

mUPDRS
Intercept 15.85 (10.46, 21.24) < 0.01* 15.83 (9.53, 22.14) < 0.01*
OSA+ 8.75 (2.31, 15.18) < 0.01* 6.42 (0.02, 12.82) 0.049*
TUG
Intercept 7.23 (5.60, 8.85) < 0.01* 9.10 (7.49, 10.71) < 0.01*
OSA+ 1.93 (−0.02, 3.88) 0.052 1.26 (−0.43, 2.95) 0.14

* significance at p < 0.05.
a Adjusted for sex, age, BMI, LED, RBD and comorbidities.

Table 3
Motor dysfunction measures at each follow up time point.

OSA- OSA + CPAP- OSA + CPAP+

Motor UPDRS,
mean (SD)

Baseline 16.2 (7.2)
N = 20

26.2 (14.4)
N = 21

22.9 (13.7)
N = 26

3 months 19.1 (7.8)
N = 12

23.2 (14.0)
N = 13

24.4 (11.7)
N = 17

6 months 21.7 (11.8)
N = 17

25.6 (18.2)
N = 15

22.0 (8.5)
N = 21

12 months 22.6 (13.7)
N = 15

26.4 (17.2)
N = 23

26.7 (16.7)
N = 18

TUG, mean seconds
(SD)

Baseline 7.2 (1.8)
N = 19

7.9 (2.3)
N = 21

10.4 (4.9)
N = 23

3 months 7.9 (3.2)
N = 12

7.5 (3.0)
N = 12

8.3 (2.7)
N = 16

6 months 7.7 (2.0)
N = 16

8.4 (3.0)
N = 15

9.3 (4.3)
N = 21

12 months 7.6 (2.1)
N = 15

8.9 (3.0)
N = 23

10.1 (5.5)
N = 17
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accumulation of neurotoxic waste could increase degeneration of do-
paminergic and other neurons in PD.

Our most notable finding is that CPAP treatment of OSA was asso-
ciated with a significantly reduced rate of change in mUPDRS over 12
months compared to patients without OSA. (Fig. 1A). These findings
support the concept that treatment of OSA conferred a protective effect
from OSA-related exacerbation of PD motor impairment. OSA patients
in our cohort had more severe hypoxemia and greater respiratory-re-
lated sleep disruption at baseline compared to those without OSA.
Improvement in sleep quality and oxygen saturation with CPAP may
contribute to the observed slowing of mUPDRS progression through
decreasing potential downstream effects of these disturbances on the
brain.

In our main model, the rate of change in mUPDRS for OSA+CPAP-
over the 12-month follow-up (β = 0.39, 95% CI: 0.00 to 0.78) was
comparable to OSA-. This was comparable to the expected rate of
change previously reported in PD patients (0.42–0.50/month) [25].
Although this might suggest that OSA did not significantly affect the
progression of PD motor dysfunction, several factors may make this
conclusion unreliable. First, the OSA+CPAP- group had a higher
average mUPDRS at baseline and each follow-up time compared to
OSA-. PD progression is non-linear. The mUPDRS increases more slowly
in more advanced PD [26], and striatal dopaminergic function dete-
riorates more slowly with more severe disease [27]. Given the higher
baseline mUPDRS in OSA+CPAP-, the comparable rate of change in
that group relative to OSA- may, in fact, suggest a more marked dete-
rioration than expected, which conceivably might be attributable to
OSA. Moreover, sample size and other limitations may have affected
results.

We used TUG as another measure of motor dysfunction. The TUG
assesses gait and balance, has been validated in PD and may be more
representative of functional status than mUPDRS [28]. While there was
no statistically significant difference between OSA+ and OSA- in
baseline TUG values, it is interesting to note that those who chose to use
CPAP had higher baseline TUG scores indicating greater impairment.
The change over time assessed using our mixed model is consistent with
mUPDRS results, in that it suggests stabilization of TUG in CPAP-treated
individuals, with a statistically significant difference as compared to
OSA+CPAP-, though not OSA-. Differences in between-group sig-
nificance between the two outcome measures (mUPDRS and TUG) may
be explained by insufficient statistical power, and different distribution
of missing data among patients (Table 2).

The restricted sample size is the main limitation of the study and
was likely a factor in between-group comparison. Our models adjust for
several confounders, which, with smaller sample sizes, may increase the
risk of unreliable estimates. However, estimates from the unadjusted
model were comparable to the main model. Additionally, we did not
systematically perform PSG on therapeutic CPAP to confirm improve-
ment in sleep architecture or hypoxemia. However current CPAP
therapy is highly effective in alleviating OSA. Also, CPAP use was not
consistent over time in individuals. The OSA+CPAP- group at 3 months
included individuals who used CPAP for under 3 months. Hence there
may be some residual effect of CPAP in the OSA+CPAP- group, and it is
unknown whether any effect of CPAP on PD outcomes persists after
discontinuation. Due to the limited sample size we chose not to exclude
those individuals from our analyses. It is also unknown if there is a
threshold effect for minimal number of hours of use per night for any
beneficial effect. The OSA+CPAP- group may also have undertaken
other interventions to improve their OSA. Furthermore, our study po-
pulation is not completely representative of the entire PD population
because we excluded patients who were unable to physically attend in-
laboratory PSG, thus excluding advanced PD patients. OSA in our co-
hort occurred in 70.1% of participants. While this may seem greater
than expected OSA prevalence in the general population and PD studies
[29], it should be noted that ours was not a prevalence study. Partici-
pants were aware they would undergo a sleep study and hence those

with sleep complaints may have self-selected preferentially. In addition,
we have used the AASM “Chicago criteria” for respiratory event
scoring, which are known to be more sensitive than other scoring cri-
teria [13]. Nevertheless, our results confirm the relevance of this
scoring method with respect to clinically important outcomes.

Our analysis builds on the current body of literature assessing the
relationship between OSA and PD. A previous study has reported that
OSA was associated with cognitive dysfunction and excessive daytime
sleepiness [6]. CPAP therapy improved sleep architecture and de-
creased daytime sleepiness in a short trial [30] and also improved
cognition and other non-motor symptoms in an observational study [7].
.

To our knowledge, this is the first study reporting the effect of OSA
and CPAP on motor symptom progression in PD. We have found that
OSA is associated with greater motor dysfunction at baseline, and that
treatment with CPAP is associated with attenuation of motor dete-
rioration over time, measured by mUPDRS and TUG. We propose that
the findings of this study support a pathophysiologic role for OSA in the
progression of PD motor dysfunction. We therefore believe that further
studies are warranted to more fully explore the mechanisms underlying
the interaction between OSA and PD pathophysiology as well as the
long-term impact of treating OSA on motor dysfunction and other key
clinical outcomes in PD.
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