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Abstract

Background Sleep disturbances are common non-motor symptoms of Parkinson’s Disease (PD).

Methods The aim of this study was to investigate the polysomnographic correlates of sleep changes, as investigated by
the Parkinson’s Disease Sleep Scale-2 (PDSS-2), in a cohort of sixty-two consecutive de novo, drug naive PD patients
(71.40+7.84 y/o).

Results PDSS-2 total score showed a direct correlation with stage shifts (p=0.008). Fragmented sleep showed an inverse
correlation with sleep efficiency (p=0.012). Insomnia symptoms showed an inverse correlation with wake after sleep
onset (p=0.005) and direct correlation with periodic leg movements (p =0.006) and stage shift indices (p=0.003). Motor
Symptoms showed a direct correlation with Apnoea-Hypopnoea (AHI; p=0.02) and awakenings indices (p =0.003). Dream
distressing showed a direct correlation with REM without atonia (RWA, p=0.042) and an inverse correlation with AHI
(p=0.012). Sleep quality showed an inverse correlation with RWA (p=0.008).

Conclusion PDSS-2 features are significantly correlated with polysomnography objective findings, thus further supporting
its reliability to investigate sleep disturbances in PD patients.
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Introduction

Sleep disturbances are among the most common non-motor
symptoms of Parkinson’s Disease (PD) [1]. These distur-
bances mostly include insomnia (i.e., difficulties in both fall-
ing and staying asleep), fragmentation of sleep, excessive
daytime sleepiness and abnormal movements and behav-
iours, such as periodic limb movements (PLMs) and rapid
eye movement sleep behaviour disorder (RBD) [2—4].
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These symptoms may manifest early on in the disease
course; for instance, sleep fragmentation has been associ-
ated with a higher risk of Lewy-body pathology in elderly
individuals without clinical PD [5]. Moreover, at least 70%
of subjects with idiopathic RBD develop an alpha-synucle-
inopathy over time [6, 7]. However, besides sleep fragmen-
tation and RBD, several other sleep disturbances are often
present in PD patients, at any stage of the disease, affecting
patients’ quality of life. Thus, validated and cost-effective
tools to reliably investigate sleep disturbances in PD patients
are crucial.

Polysomnography (PSG) is regarded as the gold standard
to assess sleep dysfunction in PD [8]. However, PSG, espe-
cially types I/Il PSG (i.e., with electrodes for the full sleep
staging), is not widely available, is expensive, and requires
technicians and physicians with specific expertise in sleep
medicine. Several questionnaires have been published for
the clinical assessment of sleep disturbances, and the Par-
kinson’s Disease Sleep Scale-2 (PDSS-2) is one of the most
used tools in PD patients [9]. However, whether and how
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the PDSS-2 reported features are associated with the PSG
objective findings is still unknown.

Thus, the aim of this study was to investigate the PSG
correlates of sleep changes, as investigated by the PDSS-2,
in a cohort of consecutive de novo, drug naive PD patients.

Methods
Subjects

Sixty-two consecutive drug-naive outpatients with de novo
PD diagnosed according to current criteria [10] were pro-
spectively evaluated. All patients had nigro-striatal dopa-
minergic impairment demonstrated by '*’I-FP-CIT-SPECT
and diagnosis confirmation at least by a one-year follow-up.
Baseline clinical evaluation included the Movement Disor-
der Society-sponsored revision of the unified Parkinson’s
Disease rating scale (MDS-UPDRS), the Mini-Mental State
Examination (MMSE), the 15-item geriatric depression
scale (GDS-15) and a comprehensive neuropsychological
assessment including at least two tests within each of the
main cognitive domains (i.e., attention and working mem-
ory, executive, language, memory, and visuospatial) [11].
The presence of mild cognitive impairment (MCI) was eval-
uated according to current criteria, by level-2 assessment
[12]. The main exclusion criteria were the presence of neu-
ropsychiatric comorbidities and/or dementia as well as any
other medical condition or drug treatment potentially able to
interfere with sleep quality. Mild depressive symptoms were
not an exclusion criterion. Magnetic resonance imaging or
computed tomography were used to rule out brain lesions;
the presence of white matter hyperintensities was not an
exclusion criterion if the Whalund score was < 2 at each site.

All participants signed an informed consent form in com-
pliance with the Helsinki Declaration of 1975 at the time of
evaluation.

Polysomnographic recording

Within 3 months since diagnosis, patients underwent over-
night polysomnography (Somté PSG — Compumedics), per-
formed by technicians with expertise in the field; the sleep
scoring was performed following current criteria [13]. PSG
derivations were placed according to recommended rules
[13] in order to evaluate sleep features, respiratory, cardiac,
and limb events. If used, patients were asked to withdraw
melatonin, hypnotic medications and antidepressant drugs
for two weeks before the recording.

Chin electromyography (EMG) was used to visually
quantify REM sleep without atonia (RWA) and the ‘any’
REM percentage was used [14]. The following PSG indices
were also used for statistical analyses: sleep latency (SL,
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minutes); wake after sleep onset (WASO, minutes); sleep
efficiency (SE, percentage); number of awakenings, normal-
ized to total sleep time (TST); number of stage shifts, nor-
malized to TST; apnoea/hypopnea index (AHI); periodic leg
movements index (PLMI).

Sleep disturbances assessment

Sleep disturbances were assessed using the Italian version
of the PDSS-2 scale [15], a 15-item scale with a total score
ranging from O (no disturbance) to 60 (maximum noctur-
nal disturbance). Items were then clustered into five groups,
namely: motor symptoms, sleep quality, dream distressing,
fragmented sleep, and insomnia symptoms [15].

Statistical analysis

Normal distribution of variables was checked using Sha-
piro—Wilk test. A Generalized Linear Model (GLM) was
applied to investigate the correlations between PDSS-2
scores and PSG indices, adjusting for age, MMSE and MDS-
UPDRS-III scores. Statistical threshold was set at p <0.05.
Statistical analyses were performed using Statal3 (Stata-
Corp. 2013. Stata Statistical Software: Release 13. College
Station, TX: StataCorp LP). The p-values were corrected
using the Benjamini-Hochberg false discovery rate (FDR)
approach.

Results

Main demographic, clinical and PSG data of the PD patients
are summarized in Table 1. Main results of the GLM analy-
ses are summarized in Fig. 1.

Briefly, the PDSS-2 total score showed a significant direct
correlation with the Stage Shift index. Fragmented sleep
showed a significant inverse correlation with the SE indi-
ces that although did not survive to the FDR correction.
Insomnia symptoms showed a significant inverse correlation
with WASO, a significant direct correlation with Stage Shift
and PLMI indices and tended to directly correlate with SL.
Motor symptoms showed a significant direct correlation with
awakenings and AHI indices and tended to directly correlate
with WASO, the AHI correlation did not survive to the FDR
correction. Dream distressing showed a significant direct
correlation with Any-REM index, a significant inverse cor-
relation with AHI and tended to directly correlate with stage
shifts, correlations did not survive to the FDR correction.
Sleep quality showed a significant inverse correlation with
Any-REM index.

Moreover, we expand our results exploring the rela-
tionship between sleep disturbances (25.8% of patients
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Table 1 Demographic and clinical characteristics of PD patients. Val-
ues are shown as mean =+ standard deviation

PD patients
n=62
Age (yr) 71.40+7.84
Education (yr) 11.26+3.78
Gender (M:F) 36:26
MMSE score 28.46+1.98
MCI (Y:N) 29:33
MDS-UPDRS-III score 20.76 +8.31
GDS-15 score 3.61+3.10
PDSS-2 scores
Total score 13.91+9.47
Abnormal total score (> 18) n=16 (25.8%)
Fragmented sleep 4.5+2.45
Insomnia symptoms 1.5+1.79
Motor symptoms 4.24+4.62
Dream distressing 1.06 +1.78
Sleep quality 2.61+2.11
Polysomnographic data
SE (%) 79.42+10.4
Any-REM (%) 22.22+44.09
PSG-confirmed RBD n=234 (54.83%)
WASO (min) 96.88 +72.27
SL (min) 40.28 +88.77
Awakenings (n/TST) 0.06+0.04
Stage Shift (n/TST) 0.46+0.19
AHI 12.33+26.33
Mild: 5<AHI>15 n=10 (16.12%)
Moderate: 15 < AHI> 30 n=238 (12.9%)
Severe: AHI > 30 n=11(17.74%)
PLMI 5.38+11.8
PLMI>5 n=>5 (8.06%)
PLMI> 15 n=24 (38.7%)

Legend: AHI, Apnoea-Hypopnea Index; F, female; GDS, 15-item
Geriatric Depression Scale; M, male; MDS-UPDRS-III, Movement
Disorders Society-sponsored revision of the Unified Parkinson’s
Disease Rating Scale, motor section; MMSE, Mini Mental State
Examination; PD, Parkinson’s Disease; PDSS-2, Parkinson’s Disease
Sleep Scale; PLMI, Periodic Leg Movement Index; RBD, REM sleep
behaviour disorder; REM, Rapid eyes movements; SE, Sleep Effi-
ciency; SL, Sleep Latency; TST, Total sleep time; WASO, Wake After
Sleep Onset

presented with an abnormal PDSS-2 score) and non-
motor symptoms (i.e., hyposmia, constipation, orthostatic
hypotension). We did not find any significant difference
between PD patients with and without sleep disturbances
(Table 2). Furthermore, we did not find any significant dif-
ference in the PDSS-2 indices between tremor-dominant
(n=48) and akinetic (n=14) PD patients (Table 3).

Discussion

We investigated the clinical and polysomnographic cor-
relates of sleep disorders in a naturalistic group of con-
secutive de novo, drug naive PD patients, thus providing
a reliable characterization of such disturbances. Indeed,
most studies investigating sleep disturbances in PD were
conducted in selected group of patients (for instance, only
those with sleep complaints) and without the support of
full polysomnography.

Overall, 25.8% of our patients presented with sleep dis-
turbances, according to the PDSS-2 total score. Moreo-
ver, 54.8% of patients had PSG-confirmed RBD, 46.8%
had clinically significant AHI (i.e., more than 5), and
38.7% had clinically significant PLMI (i.e., more than
15), according to international criteria applied to the PSG
data [16].

The PDSS-2 total score was directly correlated with
the Stage Shift PSG index, as to say that the amount of
shifting in sleep phases is directly affected by the pres-
ence of sleep disturbances. Indeed, fragmented sleep and
insomnia symptoms represent a major complaint among
PD patients [2, 5, 17]. Accordingly, in our group insomnia,
as investigated with the PDSS-2, was significantly cor-
related with reduced WASO, sleep efficiency and PLMI
indices, as well as with prolonged sleep latency, that is,
our patients mostly suffered from sleep-onset insomnia,
rather than sleep-maintenance insomnia. Moreover, insom-
nia symptoms were also significantly correlated with stage
shifts and PLMI, which are known to be associated with
each other. Indeed, in PD patients, it has been shown that
motor symptoms, i.e. PLM, restless legs or arms at night
and limbs’ muscle cramps, might cause sleep fragmenta-
tion [18], which can be perceived as insomnia by patients.

We also found that motor symptoms correlated with
the awakenings index and AHI, although not surviving
the FDR correction. Despite this, sleep-related breathing
disorders have been associated with increased arousabil-
ity [19] and subsequent awakenings [20], and both factors
might cause the perception of moving during night time
in affected patients.

As expected, dreaming distress, which is the clinical com-
plaint of RBD, showed a direct correlation trend with chin-
RWA (i.e. any-REM), which is the PSG finding of RBD,
as well as an inverse correlation with AHI. Interestingly,
chin-RWA was also indirectly correlated with sleep qual-
ity, suggesting that the presence and the severity of RBD is
associated with the perception of reduced sleep quality in
PD patients. Finally, considering that sleep-related breathing
disorders increase sleep fragmentation [20], they may also
reduce REM sleep duration, thus reducing the opportunity
of perceiving the dreaming distress.
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Total score 0.270 0.554
Fragmented Sleep 0.157 0.136 0.590
Insomnia Symptoms 0.239 0.613 0.600

Motor Symptoms

Dream Distressing

Sleep Quality

2.5

1.5

-1.5

Fig.1 GLM analyses results. GLM direct (red to white) or inverse
(blue to white) correlations are shown. The p-values for each cor-
relation are reported. The colour bar represents the correlation coef-
ficients. The p-values that survived the FDR correction are reported
in bold white. All analyses were adjusted for age, MMSE and MDS-
UPDRS-III. AHI=Apnoea-hypopnea index; GLM =Generalized

Table 2 Non-motor symptoms in patients with and without sleep dis-
turbances, according to the PDSS-2 total score

%Q/

T I
{&9 O & 24

linear model; MDS-UPDRS-III =Movement Disorders Society-spon-
sored revision of the Unified Parkinson’s Disease Rating Scale, motor
section; MMSE =Mini Mental State Examination; PDSS-2 = Parkin-
son’s Disease Sleep Scale-2; PLMI=Periodic leg movements index;
REM=Rapid eye movement; SE=Sleep efficiency; SL=Sleep
latency; WASO = Wake after sleep onset

Table 3 Demographic and clinical characteristic of Akinetic and
tremor-dominant PD patients. Values are shown as mean =+ standard
deviation

Abnormal Normal p-value

PDSS-2 PDSS-2 Akinetic (n=48) Tremor-domi- p-value

(n=16) (n=46) nant (n=14)
Hyposmia 12 (75%) 36 (78.26%)  0.716 Age 71.20+£5.47 72.07+£6.54  0.71
Constipation 13 (81.25%) 26 (56.52%) 0.080 Education 11.28+3.67 11.29+4.19 1
Orthostatic hypotension 4 (25%) 8 (17.39%) 0.72 MMSE 28.51+2.15 2821+193  0.62

The main strength of the present study is represented
by the large naturalistic cohort of de novo, drug-naive PD
patients undergoing full polysomnography. A limitation of
the study is that a video recording was not performed, thus
we could not investigate abnormal sleep behaviours. Moreo-
ver, we decided to include only patients in an early stage
of the disease and without dopaminergic treatment to limit
confounders. Thus, the present results on polysomnographic
features should be regarded as indicative in early PD, but not
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PDSS-2 score

Total score 13.26+9.02 15.78+10.84 0.38
Motor symptoms 391+4.22 5.07+£590 0.41
Sleep quality 2.51+£1.90 292+273  0.51
Dream distressing 0.87+1.34 1.85+2.76  0.069
Fragmented sleep 4.42+2.55 4.57+2.13 0.84
Insomnia symptoms ~ 1.53+1.82 1.35+1.64 0.75
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necessarily for more advanced stages and under dopamin-
ergic medication.

In conclusion, this study shows that the specific features
of the PDSS-2 are significantly associated with PSG objec-
tive findings and thus supports the PDSS-2 reliability to
investigate sleep disturbances in PD patients.
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