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TABLE 4
Discriminative Validity of the MoCA in the Diagnosis of Cognitive Dysfunction
MoCA Cutoff 16/17 17/18 18/19 19/20 20/21 21/22 22/23 23/24 24/25 25/26''t 26/27 27/28 28/29 29/30
Sensitivity 28 28 39 39 39 44 50 61 78 94 94 94 100 100
Specificity 100 100 96 96 96 92 88 88 88 84 80 68 28 8
PPV 100 100 88 88 88 80 75 79 82 81 77 68 50 44
NPV 66 66 69 69 69 70 71 76 85 95 95 94 100 100
% Correctly diagnosed 70 70 72 72 72 72 72 77 84 88 86 79 58 47

Note. n=43: AUC (95% CI)=.903 (0.809-0.997); p < .001. PPV = positive predictive value; NPV = negative predictive value; AUC = area under
curve; CI = confidence interval.

*Point of maximal combined sensitivity and specificity.

fOptimal screening cutoff point.

*Optimal diagnostic cutoff point.

Table 3 presents differences in the MoCA subdomain PPV =0.81, NPV = 0.95) for all three measures: (i) point
scores between patients and controls. The data show of maximum combined sensitivity and specificity, (ii)
that HD patients scored significantly worse compared optimal screening cutoff, and (iii) optimal diagnostic
with NC on six of seven MoCA subtests, specifically cutoff.
the Visuospatial/Executive, Attention, Language,
Abstraction, Delayed Recall, and Orientation subtests.

X X ) Functional Status Measures, Motor Scores, Mood,
HD patients were comparable to controls in Naming

and Anxiety
only.
The mean values in HD were higher than in the control
group (see Table 1) but did not correlate significantly
Detection of Cognitive Dysfunction with cognitive battery or thfe MOCA. Additionally, iFl
correlating the functional ratings with neuropsychologi-
The MoCA’s discriminative validity was examined in cal variables, we found a series of strong correlations
comparison with the brief cognitive battery (Table 4). between the MoCA total score/cognitive battery and
The AUC (95% CI) for the MoCA was .90 (0.809— functional independence measures (see Table 5). Some

0.997), p<.001 (Figl{r.e _1)~ The optimal _CUFOff point neuropsychological variables (MoCA, RCFT, SDMT,
was  25/26  (sensitivity =0.94,  specificity =0.84, COWAT, Stroop Color-Naming, Word Reading) were
significantly correlated with the UHDRS-FAS and FIS

ROC Curve rating; however, the Stroop I'nlerf'erence and FCSRT

were not. The strongest relationship was between the

104 Stroop Color-Naming task and the UHDRS-FAS
o (r=.92; p<.01) and FIS ratings (r=.88; p <.01).
0.8 - "‘
x DISCUSSION

2 069 7 Our results show that the MoCA is a suitable tool for
? ‘,' assessing cognitive dysfunction in patients with HD. In
] 04 . comparison with the brief cognitive battery, the MoCA
"' demonstrated robust psychometric properties: good con-
e current validity, high sensitivity and specificity validity in
02 . the detection of cognitive dysfunction in HD and NC,
," and adequate internal consistency. The optimal screening
00 . and diagnostic cutoffs, which were interestingly concord-
00 02 04 06 08 1.0 ant with the original study on the MoCA in another cul-
1 - Specificity tural group (Nasreddine et al., 2005), were identical at

<26 points of the MoCA total score with high PPVs and
FIGURE 1 Receiver-operating characteristic discloses diagnostic NPVs. Analysis also revealed a number of modest-to-
accuracy of the MoCA (based on the MoCA total score and Global ) . .
§ X N S Lo strong correlations between MoCA subtests and brief cog-
Neuropsychology Score) in assessing cognitive dysfunction in NC .
and HD patients together (AUC = .903; p <.001). Diagonal segments nitive battery measures (Table 2). However, some of these

are produced by ties. y-axis = sensitivity; x-axis =1 — specificity. correlations lack specificity (e.g., the MoCA Visuospatial/

103



Downloaded by [institution UHKT ], [Ondrej Bezdicek] at 08:23 09 October 2012

6 BEZDICEK ET AL.

TABLE 5
Spearman Rank Correlation Among MoCA Subtests, Cognitive Tests in the Neuropsychological Battery, Motor and Functional UHDRS, and
Functional and Congnitive Assessment Scales

UHDRS Functional Status Measures

Disease Number of TFC UHDRS Total
(yrs) Triplets UHDRS-FAS UHDRS-FIS FIS Rating TFC Staging Motor Score
1) MoCA total —0.47" —-0.22 0.51F 0.71f 0.75" 0.67" —0.781 —-0.41
2) RCFT-C —0.521 —0.43 0.60" 0.64" 0.72f 0.67" —0.73f —0.56
3) RCFT-1 —0.62 -0.22 0.43 0.38 0.45 0.43 —0.41 —0.28
4) SDMT —0.55" —0.36 0.70! 0.67' 0.68! 0.65" —0.64" —0.66'
5) Stroop-C —0.481 —0.09 0.92f 0.87 0.88f 0.86" —0.78! —0.74f
6) Stroop-R —0.741 —0.12 0.74 0.74 0.75 0.77t -0.721 —0.73f
7) Stroop-I —0.73" 0.02 0.30 0.37 0.29 0.37 —0.37 -0.29
8) COWAT (N, K, P) —0.27 0.01 0.681 0.711 0.72 0.70 —0.64 —0.74
9) FCSRT —0.27 —0.17 0.26 0.34 0.31 0.29 —0.41 —0.19

MoCA total = sum of all MoCA subtests, range 0-30; RCFT-C = Rey Complex Figure Test Copy trial; RCFT-I=RCFT Immediate Recall trial
(3-minute delay); SDMT = Symbol-Digit Modalities Test; Stroop-C = Stroop Test, Color Naming; Stroop-R =Stroop Test, Word Reading;
Stroop-1= Stroop Test, Interference; COWAT = Controlled Oral Word Association Test, Letter Fluency (N, K, P); FCSRT = Free and Cued Selec-
tive Reminding Test, Total Score; UHDRS = Unified Huntington’s Disease Rating Scale; UHDRS-FAS = Functional Assessment Scale (a rating
based on 25 questions [yes/no] that query the ability to perform daily activities independently); UHDRS-FIS = Functional Independence Scale
(an assigned rating from 0 to 100 points based on 25 questions [yes/no] that query the ability to perform daily activities independently); FIS
rating = subjects were classified as functionally impaired if they obtained an FIS rating of 80 or lower; TFC = UHDRS Total Functional Capacity

(range = 0-13, based on five questions concerning occupation, finances, household chores, activities of daily living, and care level.

fp<.05.

Executive subtest correlated significantly with all tasks).
We posit that this is caused by summing single tasks com-
prised in this subscale (Mini Trails B, Cube, Clock) that
are independently very sensitive, but taken together, are
holistic in nature with respect to the mental processes they
are testing. Item analyses on a large sample have clarified
this in detail (Damian et al., 2011).

The present study also shows a specific pattern of
cognitive impairment that is consistent with previous
research on cognitive deficits in HD (Peavy et al., 2010;
Rodrigues et al., 2009; Zakzanis, 1998). These patients
scored significantly worse than NC on six of seven
MoCA subtests, specifically the Visuospatial/Executive,
Attention, Language, Abstraction, Delayed Recall and
Orientation subtests (Table 3). In addition, the MoCA
total score (Table 5) did not significantly correlate with
medication status or the UHDRS total motor score, but
did correlate with functional status measures (UHDRS-
FAS, UHDRS-FIS and FIS rating, TFC and TFC
staging) that have recently been acknowledged as core
features in the diagnosis of dementia in HD (Peavy
et al.). These correlations were nevertheless lower than
the correlations between the Stroop Test (Color Naming
and Word Reading, but not Interference) and functional
status measures. The strong correlations between func-
tional status measures and cognitive measures in HD
are consistent with findings that cognitive measures
account for a significant amount of the variability in
functional independence (Peavy et al.). Again, the corre-
lation was stronger for the Stroop Color-Naming and
UHDRS-FAS and FIS rating than for the MoCA.

There are several important limitations to this study.
First, although the study sample was relatively small,
the results were significant even with the use of rather
conservative statistical thresholds. It must be kept in
mind, however, that sensitivity and specificity may vary
depending on the age/education structure of the sample.
Second, we used only a brief cognitive battery, and its
incremental validity in relation to MoCA subscales is
limited. The tasks were chosen to match the MoCA sub-
scales and to correspond to the cognitive resources of
HD patients considering the trade-off between mental
fatigue and validity of a lengthy neuropsychological bat-
tery. Third, the tests we selected have never been vali-
dated as a group in determining cognitive dysfunction
in HD (e.g., Goémez-Anson et al., 2007; Lemiere et al.,
2002; Mahant et al., 2003; Paulsen et al., 2006; Peavy
et al., 2010; Peinemann et al., 2005; Robins Wahlin
et al.,, 2007; Rodrigues et al., 2009; Snowden et al.,
2002; Starkstein et al., 1988; Ward et al., 2006). Instead,
previous studies focused on specific cognitive domains
(e.g., attention and executive functions; Ho et al.,
2003) or compared different screening tools (e.g., MoCA
vs. MMSE; Gill et al., 2008; Hoops et al., 2009; Kasten,
Bruggemann, Schmidt, & Klein, 2010; Mickes et al.,
2010; Nazem et al., 2009; Videnovic et al.,, 2010;
Zadikoff et al., 2008). Fourth, relatively low correlations
between the MoCA Naming subtest and the brief cogni-
tive battery measures (Table 2) are clearly an expression
of the “ceiling effect” (the mean value in MoCA Nam-
ing was 2.9 out of 3 points), which is consistent with
other validity studies on the MoCA (Damian et al.,
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2011). Fifth, one needs to be able to detect mild
cognitive problems in the early stages of HD to have a
good cognitive screening tool for HD, but our study
group was too heterogeneous to answer this question
(range, 22-71 years) and was not composed of any
presymptomatic HD subjects. Sixth, we cannot exclude
the possible effect of antipsychotics or higher levels of
depression and anxiety on cognitive functioning in HD.

Furthermore, even though it would be interesting to
compare both the MMSE and MoCA with the brief cog-
nitive battery in HD, the MMSE was not included in the
present study so that it would not compromise the val-
idity of the MoCA. In our experience (Bezdicek et al.,
2010), there is a high level of interference with the
administration of both tests in one session, specifically
between the MoCA Delayed Recall and the MMSE
Three-Word Recall, as well as between repeated trials
of Serial 7s. Finally, the use of correlation analysis is
an appropriate measure for exploring the relationship
between two methods (brief cognitive battery and
MoCA), but not in assessing agreement between these
two methods (Bland & Altman, 1986).

In conclusion, our findings suggest that the MoCA is a
valid monitoring and screening tool for cognitive dysfunc-
tion in patients with HD. In comparison with the brief cog-
nitive battery, it demonstrated high discriminative
potential and good psychometric properties. These results
are concordant with previous studies on the MoCA in
other movement disorders (Hoops et al., 2009; Nazem
et al., 2009), and therefore, the MoCA is clinically relevant
for the detection of cognitive dysfunction in HD patients.
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Abstract Sleep abnormalities are frequently found in
Parkinson’s disease (PD). However, it is unclear if they are
present from the initial stages of PD. We thus aimed to
assess sleep disturbances in newly diagnosed PD patients.
We investigated 20 untreated PD patients using the Ep-
worth Sleepiness Scale (ESS), the Pittsburgh Sleep Quality
Index (PSQI) and the PD Sleep Scale (PDSS). Video-pol-
ysomnography and multiple sleep latency test (MSLT)
were performed in 15 patients and 15 healthy controls. The
ESS score was abnormally high in one patient, while short
MSLT times were found in three other patients. The PSQI
was higher (p < 0.05) and the PDSS lower (p < 0.001) in
patients compared with controls. Video-polysomnography
demonstrated a higher percentage of rapid eye movement
sleep without atonia (RWA) in patients compared with
controls (mean 28 vs. 2.9%, p < 0.001), whereas only one
patient had clinically manifested rapid eye movement sleep
behavior disorder (RBD). Interestingly, the occurrence of
RWA score  (p = 0.65,
p < 0.05). This study demonstrates that sleep disturbances
emerge, in a proportion of patients, from the early stages of
PD. RWA is a common finding while RBD is rarely present
in early untreated PD.

correlated with the motor
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Introduction

Sleep disturbances have been recognized as frequent
symptoms in Parkinson’s disease (PD). According to dif-
ferent studies, 60-96% of patients with PD reported noc-
turnal sleep disorders [2, 13, 22, 36] including insomnia,
nocturia, motor phenomena such as nighttime off-states,
dyskinesias as well as concomitant disorders such as rest-
less legs syndrome (RLS), periodic leg movements (PLM)
in sleep and rapid eye movement (REM) sleep behavior
disorder (RBD) [23, 27, 31]. RBD is characterized by loss
of the normal muscle atonia of REM sleep. Affected
patients talk, kick, punch, or thrash in apparent response to
dream content [4, 20]. Excessive daytime sleepiness (EDS)
is another common complaint in PD which has been
reported in almost 50% of patients [25, 30, 35]. The most
worrying aspect of daytime sleepiness in PD is the “sleep
attack”, sudden, irresistible, overwhelming sleepiness
without awareness of falling asleep [24]. However, most of
the studies on sleep disturbances in PD involved patients
who had already been treated with dopaminergic drugs,
whereas there are only few questionnaire surveys [16, 17]
and polysomnography studies
patients [18, 21, 27, 38, 39].

The aim of this study was to assess the presence and
severity of sleep disturbances by means of self-evaluated
sleep questionnaires and polysomnographic examination
in newly diagnosed untreated patients with PD. We also
investigated the relationship between subjective and objec-
tive sleep parameters.

in non-medicated PD

107



J Neurol (2011) 258:2254-2259

2255

Methods
Subjects and clinical examination

Twenty consecutive patients attending our outpatient
Movement Disorders Unit between January 2007 and
January 2009 and newly diagnosed with PD [17 men and 3
women, mean age 60.7 & SD 11 (range 34-76) years, PD
duration 29.5 + 19 (1-72) months, mean Unified Parkin-
son’s Disease Rating Scale (UPDRS III) score 18.5 £+ 7
(5-32)], were included in the study. All patients met the
diagnostic criteria for PD according to the United Kingdom
Parkinson’s Disease Brain Bank, had never received anti-
parkinsonian medication and were not taking any psycho-
tropic drugs, antidepressants or benzodiazepines. They
underwent clinical examination by a movement disorders
specialist (ER, JK, RJ or JR) and a sleep specialist (JB).
Motor symptoms were rated according to UPDRS III. Beck
Depression Inventory (BDI) was used to evaluate depres-
sion and a battery of neuropsychological tests was
performed to evaluate executive functions and memory.
The control group consisted of 15 healthy volunteers, age-
and gender-matched to the patients undergoing video-pol-
ysomnography [mean age 60.2 £ SD 10 (range 35-79)
years, 14 men and 1 woman], without any medication that
could affect their sleep. The study was approved by a local
ethics committee and all subjects gave their informed
consent for participation.

Subjective sleep evaluation

Patients and controls were interviewed about their sleep-
related complaints. Information about nocturnal behavior
was obtained from their bed partners.

Subjective daytime sleepiness was auto-evaluated using
the Epworth Sleepiness Scale (ESS) [26]. The quality of
sleep was estimated by means of the Pittsburgh Sleep
Quality Index (PSQI) [11] and RLS symptoms were
assessed according to the International RLS Study Group
[3]. In addition, Parkinson’s Disease Sleep Scale (PDSS)
was applied, consisting of self-rated visual analogue scales
rating 15 symptoms associated with nocturnal problems,
sleep disturbances and excessive daytime sleepiness in PD
over the previous week. Although no exact cut-off score
was reported in the original article, patients in various
stages of PD usually scored below 100 while PDSS in
controls used to exceed 120 [12, 15].

Polysomnographic examination
Video-polysomnographic recordings were performed in

sleep laboratory on three consecutive nights. As the first
night served for adaptation, only results from the second

(sleep macrostructure, REM sleep atonia, blood oxygen
levels, respiration and leg movements) and the third night
(dreams’ content) were analysed. Sleep was recorded
between 22:00 (lights out) and 6:00 hours (lights on).

Sleep stages were scored with the Rechtschaffen and
Kales method [32]. During the second night muscle atonia
was visually analyzed in an attempt to record neurophysi-
ologic signs of RBD (REM sleep without atonia, RWA)
according to Lapierre and Montplaisir’s method [14, 28].
The presence of increased submental EMG muscle tone for
>20% of the total REM sleep duration was assessed as
abnormal [19]. The apnea-hypopnea index (AHI) was
calculated by dividing the number of apneas and hypop-
neas by the number of hours of sleep [5]. Multiple sleep
latency test (MSLT) was performed after the second night
in order to assess daytime sleepiness. MSLT subtests were
conducted at 2-h intervals from 9:00 to 17:00 hours using
standard research procedures [29].

During the third night participants were awakened after
the first 5 min of each REM sleep episode and asked to
report their dreams. Their dream recalls/descriptions were
coded into 15 nominal categories based on the dream
phenomena of RBD patients reported in the literature [9].

Statistics

For statistical analysis the SPSS 14.0.1 software (Chicago,
IL) was used. As a majority of parameters did not follow
the normal distribution, the non-parametric tests were
applied (Mann-Whitney U test, Spearman correlation
analysis). All results were corrected for multiple compar-
isons using the Bonferroni correction.

Results

Sleep questionnaires scores of PD patients and controls are
summarized in Table 1. None of the subjects complained
of excessive daytime sleepiness (EDS) or irresistible sleep
attacks. The mean ESS score did not significantly differ
between patients” and controls’ group. In six out of 20
patients (30%) the score was higher than 7, whereas two of
them (10%) had a score equal or higher than 10 (10 and 12,
respectively). In five out of 15 controls (33%) the score was
higher than 7, but none exceeded 9.

The mean total PSQI score was significantly higher in
patients compared with the controls (3.9 & 3 vs. 1.5 £ 1,
p < 0.05), but only two patients (10%) rated their sleep
quality as unsatisfactory, i.e. PSQI > 5. In five patients
(25%) we found a borderline score = 5. No control subject
had a PSQI score greater than 4. The analysis of the sub-
components of the PSQI scale showed that PD patients
had significantly higher scores in components # 1 (sleep
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Table 1 Sleep questionnaire

P 5 PD patients n = 20 Controls n = 15 )4

scores in non-medicated

pfmems with Park.mson’s ESS 5643 61+£92 05

disease (PD) and in healthy . .

control subjects PSQI total score 394 3 1.5, A 0.002*

PSQI component score
Sleep quality 1.0+ 038 04 £05 0.002*
Sleep latency 0.5+09 03+ 0.6 0.03
Sleep duration 03+07 0.1+05 0.02
Habitual sleep efficiency 0705 02+£04 0.004*
Sleep disturbances 0.8 £ 0.6 02 +05 0.002*
Use of sleeping medication 03 £ 06 0.1 +£03 0.02
Daytime dysfunction 03+0.7 02402 0.3
PDSS total score 1254 £ 15 1418 £3 0.0001%##*

Item 1 6.8 £24 93 £0.6 0.001*
Item 2 7424 93 £:0.:8 0.003*
Item 3 83421 9.6 £0.7 0.004
Item 4 94 +25 97 £0:2 0.5
Item 5 77 +£24 84 +0.7 0.05
Item 6 9.0 £ 09 92+03 0.7
Item 7 9.6 £ 0.5 9.8 £0.1 0.8

Total scores are presented as

mean + SD and range. Item 8 6.4 £0.7 89 15 0.001*

Significance of the Mann— Item 9 9.6 £08 100£0 0.07

Whitney U test and ANOVA, Ttem 10 8.6+ 08 9.1+ 1.1 0.06

significance after Bonferroni

correction * p < 0.05, Item 11 92+ 08 9.6 £0.2 0.07

#E p < 0.001 Item 12 9.2+ 0.7 9.8 £0.1 0.06

ESS Epworth Sleepiness Scale; Item 13 80+ 18 98402 0.06

PSQI Pittsburgh Sleep Quality Item 14 7.8 + 0.8 94+08 0.05

Index; PDAS Larkinson's Item 15 84408 9.9 402 0.06

Disease Sleep Scale

quality), # 4 (sleep efficiency) and # 5 (sleep disturbances). scores, we found longer sleep latency (p = 0.66,

There were no statistically significant differences in the
other components.

The mean PDSS score was significantly lower in PD
patients compared with the controls (1254 + 15 vs.
141.8 + 3, p < 0.001). We found significant differences
between the patients and controls for items # 1 (overall
quality of night’s sleep), # 2 (sleep onset), and # 8 (noc-
turia). Restless legs symptoms were reported by three
patients (15%) and by no control subject. No significant
correlations were found between ESS, PSQI and PDSS
scores and age of the participants, disease duration and
motor disability.

As five patients refused the procedure, video-polysom-
nographic examination was performed in 15 out of 20
patients and in 15 age- and gender-matched healthy vol-
unteers. Macrostructural sleep parameters are summarized
in Table 2. Our results revealed that PD patients had sig-
nificantly lower sleep efficiency (p < 0.01) and higher
amount of wakefulness (p < 0.05) than the control group.
We did not detect any significant difference in REM or
SWS duration (sleep stages 3 and 4) between patients’ and
controls’ group. In PD patients with higher UPDRS III

@ Springer

p < 0.05).

Video-polysomnography demonstrated a higher per-
centage of RWA in PD patients compared with the controls
(PD patients 28.0 & 25 vs. controls 2.9 + 3, p < 0.001). In
seven out of 15 (47%) patients, we detected RWA in more
than 20% of total REM sleep, three of them reporting vivid
dreams without explicit aggressive or violent content, all of
them males. Of these patients, only one reported a typical
history of RBD and we registered flailing of the arms and
vocalizations on video-polysomnography, whereas no
clinical symptoms of RBD were seen in controls. Inter-
estingly, we found a significant correlation between RWA
and UPDRS III scores in the patient group (p = 0.65,
p < 0.05) (Fig. 1). Periodic leg movements in sleep
(PLMS) were identified in five patients (33.3%) and in four
controls (26.7%). The AHI (apnea-hypopnea index) was
lower than 5 per hour in 11 patients, between 5 and 15 per
hour (mild sleep apnea) in one, between 16 and 30 per hour
(moderate sleep apnea) also in one patient, and higher than
30 per hour (severe sleep apnea) in two patients. In the
controls, we detected two subjects with AHI between 5 and
15 per hour and one subject with AHI higher than 30 per
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Table 2 Polysomnography

§ : PD patients Controls p value
results in non-medicated
patients with Parkinson’s - 15 15
disease (PD) and in healthy
control subjects Men/women 14/1 14/1
Age (years) 59.8 £ 10 60.2 £ 10 0.9
Total sleep time (min) 361.4 + 68 408.7 + 35 0.03
Sleep latency (min) 154 +7 1374 8 0.5
REM sleep latency (min) 88.4 £ 54 91 + 49 0.3
Sleep efficiency (% of total 78 £ 13 8935 0.0006**
sleep time/sleep in bed)
Arousals (number/hour) 243 + 13 214+ 6 0.6
Stage 1 (% SPT) 82+9 34+£1 0.01
f}j}i‘_‘iﬁcaﬂée of the M;ﬂn* Stage 2 (% SPT) 408 + 13 4946 0.1
itney U test, significance
after Bonferroni correction Stage:3 +-4 (% SPT) 186 =8 184+ 5 0.9
*p < 0.05, ¥ p < 0.01 REM (% SPT) 16.6 + 8 223 +4 0.02
SPT sleep period time; AHT Wake (% SPT) 158 & 12 694 0.003*
apnea-hypopnea index; PLMI AHI 95+ 15 46+9 0.3
periodic limb movements index; PLMI 255 + 39 98 + 16 0.1
REM rapid eye movement sleep | ) :
% Mean MSLT latency did not differ between patients and
controls (11.7 & 4 vs. 12.5 & 2 min, n.s.). In three patients
«© and in none of controls, the mean latency of falling asleep
§ 755) was in the pathological range (<8 min). Of these, one had a
g ¢ single sleep onset REM (SOREM) on MSLT. Two other
as patients with normal sleep onset latencies had by one SO-
SiE 50+ REM episode on MSLT and none of PD patients had mul-
%‘ 2 ° E tiple SOREM. No SOREM was found on MSLT in controls.
» . No correlations were found between MSLT and ESS scores,
E 25+ . nor between MSLT and AHI or incidence of PLMS.
o °%q ° Three patients had BDI-II score >10, one of them met
. ° the DSM-IV-TR criteria [6] for current depressive disorder,
0/ the other two patients were diagnosed as having dysthymic
T T T
10 20 30 disorder and anxiety. None of those patiens had ESS value
UPDRS Il above 7. None of the patients suffered from dementia. In

Fig. 1 Relationship between percentage of rapid eye movement
(REM) sleep without atonia (chin muscle activity, y axis) in patients
with Parkinson’s disease and UPDRS III (x axis)

hour. Neither AHI nor PLM index correlated with ESS
scores.

All patients were able to report three dreams except one
patient who reported only one dream (total number of
dreams, n = 43). Most dreams concerned current daily
living (27/43; e.g. shopping, walking) or working activities
(12/43; e.g. solution of arithmetics problem, felling trees in
a park). However, vivid dreams (2/43; e.g. car racing,
runaway horse) and unpleasant experiences (2/43; e.g.
falling, being chased by snake) were also reported by three
patients with RWA. No dreams with explicit aggressive or
violent content were reported. In the controls we detected
36 dreams, all without aggressive or violent content.

only three patients mild dysexecutive syndrome was found,
not interfering with common daily activities. No correla-
tions were found between the cognitive tests, BDI-II and
RWA and PSQI or ESS scores.

Discussion

EDS has been repeatedly described as one of the most
common sleep disturbances in PD; however, most studies
have been conducted in patients under treatment with
dopaminergic drugs that are known to induce EDS [7, 25,
30]. A few studies done in previously non-medicated PD
patients did not identify signs of EDS [16, 27]. On the other
hand, Abbott and colleagues suggested that EDS can pre-
date PD [1]. However, their results might not be relevant to
common PD populations as they were obtained in an
extremely elderly group of men (from 71 to 93 years)
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enrolled in a large scale aging study. More pertinently,
Dhawan et al. [15] reported significant impairment on item
15 of PDSS reflecting EDS in a group of 25 drug-naive PD
patients, accompanied by high ESS scores in some of them.
Accordingly, although none of our patients complained of
daytime sleepiness or irresistible sleep attacks, in 30% of
them (but also in 33% of controls) we found a ESS score
greater than 7 was shown as predicting the risk of a driving
accident with a 75% sensitivity [24]. However, in only two
of our patients an abnormal or borderline ESS score was
found (12 and 10, respectively) indicating an increased
subjective daytime sleepiness. In addition, we have seen
shortened MSLT latencies in three patients, but without
correlation between ESS scores and severity of sleepiness
as measured by MSLT.

Potential causes of EDS include poor quality of night-
time sleep. In fact, we found few objective differences
between the PD group and the normal controls on poly-
somnography. Although we found lower sleep efficiency
with increased duration of wakefulness in PD patients
compared with the controls, in our series, none of the usual
measures of sleep disturbances (total sleep time, wakeful-
ness after sleep onset, sleep efficiency, arousal index,
duration of slow wave sleep) correlated with severity of
sleepiness as measured by ESS or MSLT. These observa-
tions are consistent with previously published studies in
untreated PD patients indicating that these patients may
have a central hypersomnia due to underlying pathology [7,
27, 38]. The relationship found between higher UPDRS III
scores and sleep latencies does not allow us to declare
whether sleep disturbances are due to discomfort connected
with motor impairment or if the patients with more
advanced motor disease have more extensive pathological
spread and intrusion to arousal pathways. Since the sleep
latencies remain fairly normal for both groups, one can
assume that the more marked sleep disturbance seen in
other studies does relate more to medication or to pro-
gressive motor disability. Although the subjective sleep
perception as expressed by PSQI scores was in the normal
range in all but three patients, significant group differences
of total PSQI and PDSS scores give evidence for distinct
sleep disturbances and nocturnal disability in our patients
compared to controls. Sleep fragmentation secondary to
PLM or obstructive sleep apnea is another potential cause
of poor nighttime sleep resulting in daytime sleepiness.
This also was not the case in our study, in which only one
of the sleepy patients presented with PLMS and related
arousal indices were not severe. Also, similarly to a pre-
vious work [7], the AHI did not correlate with daytime
sleepiness while it indicated sleep apnea of various severity
in four out of 15 patients and in three out of 15 controls.

Thereafter, it appears that nocturnal sleep disturbances
and daytime sleepiness can be present since the early stages
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of PD, in unmedicated patients, probably reflecting the
underlying pathological process including both dopami-
nergic and non dopaminergic denervation of sleep modu-
lating centres [10, 33], and other changes such as loss of
hypocretin neurons in the hypothalamus [37].

Another finding of the present study is the significantly
higher percentage of RWA in PD patients compared with the
controls. RWA without the clinical manifestation of RBD is
sometimes called “preclinical RBD” [19]. Nevertheless, we
have detected only one patient with clinically manifested
RBD between our de novo patients. Similarly, in previous
polysomnographic studies in de novo PD, some of the
patients presented signs of RWA but only rarely revealed
clinical RBD [21, 27, 39]. In line with these findings, even in
a more advanced disease, a questionnaire survey detected
signs of RBD in only 33% of 195 PD patients and in 73% of
these, the signs of parkinsonism preceded RBD [34].

Therefore, in an apparent discordance with the notion
that RBD would regularly precede parkinsonism as an
early manifestation of PD reflecting lower brainstem
involvement [8], our results and the other studies [21, 27,
39] suggest that prominent REM sleep dysregulation is not,
in an important proportion of patients, associated with the
early stage of the disease. However, a rather high occur-
rence of RWA and its correlation with motor scores in the
present study underscore the assumption that RWA is
probably on the same disease spectrum as RBD, reflecting
neurodegeneration in early PD [8].

In conclusion, this clinical and polysomnographic study
corroborates previous suggestions that nocturnal sleep
disturbances and daytime sleepiness may be present since
the early stages of PD. In addition, the occurrence of RWA
appears to finely reflect early stages of neurodegeneration
in PD. Given the increasing desire to identify PD or ’pre-
PD’ patients as early as possible for consideration of
emerging drug therapies, this will remain an important area
of research in the future.
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