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Abstract

Objective—This study was undertaken to determine the frequency and correlates of excessive
daytime sleepiness in de novo, untreated Parkinson's disease (PD) patients compared with the
matched healthy controls.

Methods—Data were obtained from the Parkinson's Progression Markers Initiative, an
international study of de novo, untreated PD patients and healthy controls. At baseline,
participants were assessed with a wide range of motor and nonmotor scales, including the
Movement Disorder Society Unified Parkinson's Disease Rating Scale (MDS-UPDRS). Excessive
daytime sleepiness was assessed based on the Epworth Sleepiness scale (ESS), with a cutoff of 10.

Results—Four hundred twenty-three PD subjects and 196 healthy controls were recruited into
the study. Mean ESS (min, max) score was 5.8 (0, 20) for the PD subjects and 5.6 (0, 19) for
healthy controls (P= 0.54). Sixty-six (15.6%) PD subjects and 24 (12%) healthy controls had ESS
of at least 10 (P= 0.28). No difference was seen in demographic characteristics, age of onset,
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disease duration, PD subtype, cognitive status, or utilization of sedatives between the PD
sleepiness-positive versus the negative group. The sleepiness-positive group had higher MDS-
UPDRS Part I and 1l but not 111 scores, and higher depression and autonomic dysfunction scores.
Sleepiness was associated with a marginal reduction of A-beta (P = 0.05) but not alpha-synuclein
spinal fluid levels in PD.

Conclusions—This largest case control study demonstrates no difference in prevalence of
excessive sleepiness in subjects with de novo untreated PD compared with healthy controls. The
only clinical correlates of sleepiness were mood and autonomic dysfunction. Ongoing longitudinal
analyses will be essential to further examine clinical and biological correlates of sleepiness in PD
and specifically the role of dopaminergic therapy.
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Parkinson's disease (PD) is a progressive neurodegenerative condition associated with a
broad scope of motor and nonmotor symptoms (NMS). Excessive daytime sleepiness (EDS)
is one of the most common and debilitating manifestations of NMS in PD. The reported
prevalence of EDS in the overall PD population is widely variable (16%-74%) and depends
on EDS criteria, disease stage, and ascertainment methods, but it is consistently higher than
in the general population.12 Respective data on EDS stem largely from studies on patients
with advanced PD, whereas hardly any data exist on EDS in early, specifically untreated,
PD. The cause of EDS in advanced and treated PD is multifactorial.2 Disease variables that
have been reported to be associated with EDS in PD populations include longer disease
duration, older age, older age at PD onset, sex, more severe motor manifestations, nontremor
dominant motor phenotype, depression, anxiety, cognitive impairment, and
hallucinations.-19 In addition, dopaminergic medications have been shown to have a major
negative impact on EDS in PD.#11-14 The presence of EDS predicts a greater decline over
time in motor impairment, cognition, and greater risk of developing dementia.1® Very
limited information is available on EDS in early, specifically untreated, PD.16-18 Three small
studies assessed EDS in de novo PD patients.16-18 Each of them enrolled fewer than 25 de
novo PD patients, and only one had healthy controls (HCs). Excessive daytime sleepiness
was defined by Epworth Sleepiness Scale (ESS = 10). All studies came to the same
conclusion: that EDS does not seem to be a trait of untreated PD.16-18 More recent studies
assessed EDS as part of the overall NMS by using a validated NMS questionnaire,19:20
Prevalence of EDS in the cohort of 97 de novo PD subjects was 3.3% and did not change
significantly 2 y later with initiation of dopaminergic therapy (4.4%).20 However, prevalence
was substantially higher (28% of 109 subjects) in another de novo cohort compared with
15% of 107 HCs.1® Thus, uncertainty remains regarding the prevalence and clinicobiological
correlates of EDS in de novo PD. That is specifically relevant considering that EDS was
shown to be one of the risk factors for development of PD in prospective epidemiological
studies and may precede onset of motor manifestations of PD,*21 theoretically
corresponding to Braak et al.'s data?2 on early involvement of the brainstem sleep
wakefulness control system in the disease pathological process.22 We aimed to
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systematically explore prevalence, clinical, and for the first time biological correlates of
EDS in a large group of subjects with early untreated PD compared with HCs.

Methods

Participants

Subjects with newly diagnosed untreated PD and matched HCs were enrolled in the
Parkinson's Progression Biomarker Initiative (PPMI), a study for which the aims and
methods were previously published.23 At baseline, PD subjects were required to be older
than 30 y and 1) have at least two of bradykinesia, rigidity, and resting tremor OR have
either an asymmetric resting tremor or asymmetric bradykinesia; 2) have been recently
diagnosed (within 2 y); 3) be untreated; and 4) have had a dopamine transporter deficit on
the 123] loflupane dopamine transporter (DatScan®) imaging. The HCs were matched by
age, sex, and education and must have had no significant neurologic dysfunction, no first-
degree family member with PD, and a Montreal Cognitive Assessment (MOCA) score
greater than 26.

Standard Protocol Approvals, Registrations, and Consents

Each participating PPMI site received approval from an ethical standards committee on
human experimentation before study initiation and obtained written informed consent for
research from all individuals participating in the study.

Study Design

The PPMI is an observational, international, multi-center (16 US and 5 European sites)
study designed to identify PD progression biomarkers. The study was launched in June 2010
and has successfully completed its enrollment goal of 400 PD participants and 200 HCs. The
data used for this analysis constitute the analysis of the baseline dataset for the full cohort as
obtained from the PPMI database (www.ppmi-info.org, accessed 2014 June 17).

Study Outcomes

Excessive daytime sleepiness was assessed using ESS, a widely used, validated, self-
reported, and self-completed instrument?# that is recommended for screening for EDS in
PD.25 The scale consists of eight questions, each rated on a scale of 0 to 3, with a maximum
score of 24; a higher score correlates with a higher degree of EDS. Consistent with the other
studies, ESS of 10 or greater was set as a cutoff for EDS.

Other measures included basic demographic variables, Movement Disorders Society Unified
Parkinson's Disease Rating Scale (MDS-UPDRS),2 and total and subscale scores.
Participants were classified as having tremor-dominant versus non-tremor-dominant
subtypes and previously described postural instability and gait disturbance (PIGD), and
indeterminate motor subtypes were combined into one group because of concerns regarding
the stability of PIGD classification in early PD,2” Hoehn and Yahr stage as measures of
disease severity,28 Modified Schwab and England Activities of Daily Living Scale,2? the
MOCA for assessment of global cognitive abilities,30 the 15-item Geriatric Depression
Scale,3 the scale for outcomes for PD—autonomic function,32 state and trait anxiety scale,33
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the Questionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease,3* and rapid
eye movement behavior disorder (RBD) questionnaire (RBDSQ).3° In addition to MOCA,
the patients underwent a detailed neuropsychiatric assessment summarized in Table 1. Data
on utilization of sedatives and hypnotics were collected based on the FDA classification of
the classes of drugs. All subjects underwent DatScan® targeting the dopamine transporter
(DAT) that was analyzed according to the imaging technical operations manual (http://ppmi-
info.org/). Biological samples included cerebrospinal fluid (CSF) biomarkers (f-amyloid
1-42 [AB1-42], total tau [T-tau], tau phosphorylated at threonine 181 [P-taug;], and
unphosphorylated a-synuclein [a-Syn]) in all participants. The details of sample collection,
processing, and biomarker analyses have been previously reported.36

Statistical Methods

Results

Prevalence of EDS was established in PD and HC cohorts. Parkinson's disease EDS+ versus
EDS- groups were compared against all variables. For between-group comparisons of
clinical, demographic, neuropsychological, and imaging variables, ¢tests and y2 tests were
used. For CSF biomarker variables, a nonparametric rank-based approach was used by
performing Mann-Whitney Utests.

Effects of these variables on EDS in PD subjects and HCs were also considered in univariate
and multivariate logistic models. After adjusting for age and sex, the univariate relationship
between EDS and each predictor variable was examined. Any variables that had univariate
associations with Pvalues less than 0.20 were included in a multivariate model, also
adjusting for age and sex. A backward selection approach was used to choose the best
model. Variables were removed one at a time until all variables remaining in the model were
significant at the 0.10 level. A non-parametric approach was again used for the CSF
biomarker variables, with ranks of the biomarkers, rather than raw values, being used as
covariates.

To avoid collinearity issues with some of the predictor variables, the following rules were
used when fitting the multivariate model: To avoid the issue of correlation between total
MDS- UPDRS score and subscale scores, if total MDS-UPDRS score was significant at the
0.20 level in a univariate manner, it was considered in the multivariate model. If not, but any
of the subscale scores were significant in a univariate manner, they were considered in the
multivariate model. Similarly, to avoid issues of correlation between individual CSF
biomarkers with the CSF ratios, if any individual markers were significant, they were
considered in the multivariate model. The CSF ratios were only considered in the
multivariate model if neither of the individual markers was significant.

Demographic and clinical information for the 423 PD participants and 196 HCs is listed in
Table 2. The two groups were well matched by age (P= 0.55), sex (P=0.77), race (P=
0.85), ethnicity (P= 0.62), and education (P= 0.59). The mean ESS score in the PD
participants was 5.8 (range, 0, 20) and 5.6 (0, 19) in HC (P = 0.54). No difference was found
in the prevalence of EDS in PD versus HC cohorts; 66 (16%) of PD participants had EDS
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versus 24 (12%) HCs (P= 0.28). Use of sedatives and hypnotics was no different between
the groups (Table 2).

We then compared EDS+ versus EDS- subsets of PD participants. No demographic
variables were associated with EDS in PD participants. The only disease characteristics that
were associated with EDS were part | (neuropsychiatric assessment) and 11 (patient-
completed experiences of daily living) MDS-UPDRS scores but not part 11 (motor) (Table
2). The nonmotor disability variables that were associated with EDS were depression (P <
0.01), autonomic dysfunction (£ < 0.01), and anxiety based on state and trait anxiety scale
state and trait subscores (P=0.04, P=0.03) (Table 1). Overall, no difference was found in
the cognitive performance between PD-EDS+ versus PD-EDS- groups either in MOCA (P
p=p=0.59) or in the detailed neuropsychological battery (Table 1).

We analyzed the prevalence of other sleep dysfunction parameters collected in the PPMI and
association with ESS (Table 3). Sleep dysfunction was measured by a single item of UPDRS
part | (sleep problems, 1.7) and was more common in PD subjects than in HC (P50.02), but
no difference was seen between PD-EDS+ and PD-EDS- subjects. As expected, a
significant association was seen between EDS as measured by a single item on MDS-
UPDRS and ESS (P < 0.01), because both are self-reported scales, and between EDS and
fatigue (P < 0.01). Of note, a significant difference (P < 0.01) was found between PD and
HCs as reflected on the MDS-UPDRS sleepiness and fatigue scores, although both of them
are single-item questions that have not been validated for screening for these conditions. The
RBD as measured by RBDSQ was present in 159 (38%) of PD subjects versus 39 (20%) (P
< 0.01) controls, and the presence of RBD was associated with EDS in PD subjects (P=
0.01).

No association of ESS with the degree, distribution, or laterality of presynaptic loss of
dopaminergic function as measured by a DATscan was found. The ESS was associated with
lower CSF levels of A-Beta and P-Tau/T-Tau and marginally with the higher levels of T-
Tau/A-Beta in PD subjects (Table 4). No association was found with the level of a-Syn (P=
0.19). In HCs, EDS was associated with a lower ratio T-Tau/A-Beta (P = 0.03), but not with
other variables. The PD versus HC subjects with EDS had a lower A-Beta (= 0.01) and P-
Tau/T-Tau ratio (P= 0.01), although the T-Tau/A-Beta difference between the groups was
not significant (P = 0.09).

After adjusting for age and sex in the univariate model, the same clinical disease
characteristics as in Table 1 remained significant (Table 5). In the multivariate model,
education became significant, depression and autonomic function remained significant, and
anxiety lost significance. The association with RBD remained after adjusting for age and
sex, but this became insignificant in the multivariate analysis. In the univariate analysis of
biological variables after adjusting for age and sex, all variables that were significant in
Table 4 remained significant. In the multivariate analysis A-Beta remained marginally
significant (P= 0.05). Of note, the ratios T-Tau/A-beta and P-tau/T-Tau were not included in
the multivariate analysis, because A-beta and P-tau were already considered in the
multivariable model. Because of the correlation between individual biomarkers and their
ratios, the univariate associations found in T-Tau/A-beta and P-Tau/T-Tau are likely
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explained by the fact that the individual markers A-Beta and P-Tau were at least marginally
significant in a univariate manner. When we performed multivariate analysis for the HC
group, controlling for the same variables as in PD, education was not significant (P= 0.17).
Only autonomic dysfunction was significantly associated with EDS (P = 0.02), but not other
nonmotor variables that carried significance in the PD cohort. In the analysis of the
biological variables, only the association with A-Beta was marginally significant (P = 0.05).

Discussion

Our study represents the largest observational case-controlled study of EDS in participants
with early PD who were not receiving dopaminergic therapy. Our data demonstrate that
prevalence of EDS in early untreated PD is no different from that in matched HCs. The
prevalence of EDS in HCs was fairly high (12%), although consistent with the other reports
in aging populations that used the same ESS cutoff scores.37 Our results are in accord with
previously reported small studies of EDS in early untreated PD,*17:18 put they solidify
previous data based on the large size of the cohort and the richness of associated clinical and
biomarker data. This observation is very important because it points to the fact that EDS, at
least in early PD, is driven by factors other than the simple presence of PD-related
pathology. These factors can include biological variables of the spread of pathology with the
progression of the disease into the reticular activating system and other brainstem structures
responsible for alertness as well as clinical variables of the impact of disease progression
and specifically dopaminergic medications. This hypothesis will have to be tested in the
longitudinal data analysis. Considering that no difference existed in EDS prevalence
between PD and HC, we focused analysis of the clinical and DATscan imaging
characteristics within the PD cohort as presented in Tables 1 and 3. Substantial data are
available on the association of EDS in more advanced stages of PD with demographic (age,
sex) and disease characteristics (age of PD onset, disease duration, severity of motor
disability, and cognitive status). None of these factors was significant in our cohort, likely
because our cohort includes subjects with very early PD and younger age compared with the
general PD population. Which of these variables will become significant with longitudinal
follow-up remains to be determined. Excessive daytime sleepiness was not associated with
the degree of motor disability as measured by MDS-UPDRS Part 11, but it was associated
with the Part | and 1l cognitive assessment and experiences of daily living. Such results are
not unexpected, because factors other than pure motor dysfunction play a role in functional
impairment. Association of EDS with UPDRS part | is expected, because that scale captures
a number of sleep-related items.38 Of note, most of the PD and HC participants with EDS
rated it as slight or mild, pointing to the mild degree of EDS-related disability. Severity of
EDS could have changed if we had used an ESS cutoff score above 10, but our cutoff was
consistent with the other studies in early untreated PD.17 Excessive daytime sleepiness was
not associated with the night sleep impairment, pointing to the fact that EDS is not simply a
consequence of a poor night's sleep and is driven by a different mechanism.

Consistent with the data from more advanced PD populations, EDS was associated with
depression. This could either reflect a biological substrate for such an association (i.e., early
simultaneous involvement of the noradrenergic [locus ceruleus] and serotoninergic [raphe
nucleus] structures that are implicated in the control of mood) or could be attributable to
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methodological issues (both diagnoses are based on the subject's self-completed
questionnaires, and patients with depression may tend to endorse numerous symptoms).
Association of EDS with autonomic dysfunction is of interest and to our knowledge has not
been systematically explored in early PD. It goes along with Braak et al.'s data22 on early
involvement of the autonomic structures in the progression of PD pathology or alternatively
could reflect direct involvement of the autonomic system in the control of alertness via a
circadian rhythm mechanism.3° The latter hypothesis is supported by the fact that autonomic
dysfunction was the only clinical variable significantly associated with EDS in HCs.

Our results do not necessarily contradict the data from epidemiological studies that
demonstrated EDS as one of the risk factors for development of PD.2! The association was
demonstrated in the cohort of male participants older than age 71; therefore, EDS can be a
premotor manifestation only in a subset of PD subjects, similar to RBD presence only in a
subset of PD de novo subjects, despite the fact that RBD is a well-established premotor risk
factor of PD.40-42 |n addition, because of multiple other risk factors, someone at risk for PD
may not be more likely to have EDS. The biological underpinnings of such selectivity
remain to be determined.

The novel aspect of this study is the inclusion of biomarkers data. In the multivariate
analysis, the only CSF biomarker that was associated with EDS was a marginally lower level
of A-Beta (P=0.05). No association was found with a-Syn. The role of amyloidal and Tau
biomarkers in PD is not well established, but a number of publications, including pilot PPMI
data analysis, reported reduction of levels of CSF AB1-42, T-tau, or P-tau in patients with
PD with or without dementia compared with HCs.36:43-46 However, based on the marginal
significance and cross-sectional analysis, our data should be considered strictly pilot and
hypothesis generating to be further tested in the longitudinal analysis.

One of the study limitations is lack of the objective measures of sleep such as
polysomnography; however, the lack of difference in subjective measures of sleep between
EDS+ vs EDS- groups supports the validity of our data. Another limitation is that our study
might have underestimated prevalence of EDS in the general de novo PD population,
because subjects recruited into studies might not be representative of overall PD population.
Indeed, a recently published study (The ONSET PD) that assessed EDS as part of the overall
NMS burden, using the NMS questionnaire in 109 consecutive de novo PD patients,
established a 38% prevalence of EDS in PD versus 15% in HC.19 Although the studies used
different assessment tools and cannot be directly compared, the demographic and baseline
disease characteristics were similar, with one important difference of a much higher
proportion of participants with PIGD and indeterminate phenotype (87%) in The ONSET
PD study versus 29% in our cohort. The PIGD phenotype is known to be associated with
axial manifestations and a higher burden of nonmotor disability and could explain the
discrepancy. Consistent with that, most of our participants had asymmetric PD onset.
Another limitation is the cross-sectional nature of the analysis. Longitudinal data will be
essential to confirm and expand our observations and specifically analyze whether
biomarkers will correlate with the progression of EDS in both PD and HCs.
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In conclusion, no evidence suggests a higher prevalence of EDS in early untreated PD
patients enrolled in this large case control observational study. These data can help guide
clinicians in counseling de novo PD patients while maintaining vigilance for longitudinal
assessment of EDS. The incidence, prevalence, and clinicobiological correlates of EDS with
the disease progression, as well as the impact of dopaminergic therapy on EDS, will be
established in longitudinal analysis. The association of EDS with a lower level of CSF A-
Beta is intriguing but will have to be validated longitudinally.
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Table 1
Non-motor scores
Variable PD Subjects PD Subjects PD Subjects P value
ESS + ESS - (ESS +vs -)
(n=423) (n = 66) (n=357)
MOCA total score 0.59
Mean (SD) 27.1(2.3) 27.3(2.7) 27.1(2.2)
(Min, max) (17, 30) (17, 30) (17, 30)
Missing 0 0 0
HVLT total recall 0.78
Mean (SD) 24.4 (5.0) 24.6 (5.1) 24.4 (5.0)
(Min, max) (9, 36) (13, 35) (9, 36)
Missing 1 1 0
HVLT delayed recall 0.06
Mean (SD) 8.4 (2.5) 8.9 (2.4) 8.3 (2.5)
(Min, max) 0,12) 0,12) 0,12)
Missing 1 1 0
HVLT delayed recognition 0.68
Mean (SD) 11.2 (1.2) 11.2 (1.0) 11.2 (1.3)
(Min, max) 0,12) (8,12) 0,12)
Missing 2 2 0
Letter number sequencing score 0.42
Mean (SD) 10.6 (2.7) 10.3 (2.1) 10.6 (2.7)
(Min, max) (2, 20) (6, 15) (2, 20)
Missing 1 1 0
Symbol Digit Modalities Score 0.11
Mean (SD) 41.2(9.7) 39.4 (9.8) 415(9.7)
(Min, max) (7,82) (16, 64) (7,82)
Missing 1 1 0
Benton Judgment of Line Orientation 0.75
Mean (SD) 12.8 (2.1) 12.7 (2.2) 12.8 (2.1)
(Min, max) (5, 15) (7, 15) (5, 15)
Missing 1 1 0
Semantic fluency 0.81
Mean (SD) 487 (11.6)  48.4(12.0)  48.7 (11.6)
(Min, max) (20, 103) (29, 76) (20, 103)
Missing 1 1 0
GDS total score <0.01
Mean (SD) 2.3(2.4) 3.1(2.9) 2.2(2.3)
(Min, max) (0, 14) (0, 13) (0, 14)
Missing 0 0 0
SCOPA total score <0.01
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Variable PD Subjects PD Subjects PD Subjects P value
Mean (SD) 9.5 (6.2) 12.3 (6.6) 9.0 (5.9)
(Min, max) (0,39) (3,35) (0,39)
Missing 0 0 0

STAI—State subscore 0.04
Mean (SD) 33.0(10.2)  35.3(10.1)  32.5(10.2)
(Min, max) (20, 76) (20, 60) (20, 76)
Missing 1 0 1

STAI—Trait subscore 0.03
Mean (SD) 32.4(9.5) 34.7 (10.6) 31.9(9.2)
(Min, max) (20, 63) (21, 62) (20, 63)
Missing 1 0 1

QUIP 0.12
Mean (SD) 0.3 (0.6) 0.4 (0.7) 0.3 (0.6)
(Min, max) 0, 4) ©,3) 0, 4)
Missing 1 0 1

Report generated on data submitted as of: 17 June 2014.

MOCA, Montreal Cognitive Assessment Scale; HVLT, Hopkins Verbal learning test—revised,;
GDS-15, 15-item Geriatric Depression Scale;
SCOPA-AUT, the scale for outcomes for PD—autonomic function; STAI, state and trait anxiety scale; QUIP- the Questionnaire for Impulsive-
Compulsive Disorders in Parkinson's Disease.
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Table 5

Relationship between EDS with baseline demographics, clinical characteristics and

biologicsin PD subjects
Variable Univariate P Value # Observations Missing Multivari?:tle)OR (95%  Multivariate P Value
Education 0.05 0 1.15(1.038, 1.267) 0.01
Ethnicity 0.98 0 — —
Race 0.47 0 — —
Family history of PD 0.32 1 — —
MDS-UPDRS total score <0.001 1 — NS
MDS-UPDRS Part | score <0.001 1 — Not included
MDS-UPDRS Part |1 score <.0001 1 — Not included
MDS-UPDRS Part 111 score (motor 0.18 0 — Not included
exam)
Hoehn & Yahr 0.06 0 — NS
Modified Schwab & England ADL 0.18 0 — NS
Duration of disease 0.45 0 — —
Age of PD onset 0.88 8 — —
TD/non-TD classification 0.08 1 — NS
Side most affected 0.12 0 — NS
MOCA total score 0.48 0 — —
GDS total score 0.01 0 1.13(1.008, 1.260) 0.04
SCOPA-AUT total score <0.001 0 1.08 (1.028, 1.126) 0.002
STAIl—state subscore 0.04 1 — NS
STAIl—trait subscore 0.02 1 — NS
QUIP total score 0.11 1 — NS
REM sleep behavior disorder 0.01 3 — NS
A-Beta 0.02 11 1.00 (0.995, 1.000) 0.05
T-Tau 0.70 15 — —
P-Tau 0.16 13 — NS
T-Tau/A-Beta 0.09 15 — Not included
P-Tau/A-Beta 0.44 13 — —
P-Tau/T-Tau 0.01 17 — Not included
Alpha-Synuclein 0.22 11 — —

Note: All univariate analyses adjust for age and sex. The multivariate analysis forces age and sex into the model.

NS, not significant. Refer to the text for the explanation of the abbreviations and analysis rules

Report generated on data submitted as of 17 June 2014.
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