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Sleep disturbances are common in many neurodegenerative diseases and may include altered sleep duration,
fragmented sleep, nocturia, excessive daytime sleepiness, and vivid dreaming experiences, with occasional
parasomnias. Although representing the “gold standard,” polysomnography is not always cost-effective or
available for measuring sleep disturbance, particularly for screening. Although numerous sleep-related question-
naires exist, many focus on a specific sleep disturbance (e.g., restless legs, REM Behavior Disorder) and do not
capture efficiently the variety of sleep issues experienced by such patients. We administered the 12-item
Neurodegenerative Disease Sleep Questionnaire (NDSQ) and the Epworth Sleepiness Scale to 145 idiopathic
Parkinson's disease patients. Principal component analysis using eigenvalues greater than 1 suggested five separate
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Nocturia components: sleep quality (e.g. sleep fragmentation), nocturia, vivid dreams/nightmares, restless legs symptoms,
Sleep disordered breathing and sleep-disordered breathing. These results demonstrate construct validity of our sleep questionnaire
Dreaming and suggest that the NDSQ may be a useful screening tool for sleep disturbances in at least some types of

Restless legs syndrome neurodegenerative disorders.
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1. Introduction

Sleep disturbances in patients with neurodegenerative disease are
common [1,2]. For example, Parkinson's disease is associated with
poor quality and highly disrupted sleep, presence of periodic leg move-
ments, phasic muscle activity, vivid dreaming with occasional dream
enactment, nocturia, and excessive daytime sleepiness [3]. These condi-
tions are ideally measured with polysomnography, which, although
providing objective verification of the sleep pattern in question, may
be difficult to use on a routine basis because of cost, accessibility to
sleep diagnostic services, interpretive complexity of the electroenceph-
alogram, and/or patient unwillingness. Questionnaires offer a more cost
effective means to screen sleep related symptoms in such patients, but
no clear consensus exists on the preferred questionnaire, partially be-
cause scales often focus on one aspect of the sleep disturbance. Some
questionnaires have inquired about signs and symptoms of sleep
apnea [4], others focus on dream enactment behavior [5], and yet others
examine overall quality of sleep [6], but there have been few attempts to
assess many different kinds of symptoms in a single questionnaire [7].
In this study we describe our experience in using a very brief Neurode-
generative Disease Sleep Questionnaire (NDSQ), which we conceptual-
ized [8] to encompass six components (Table 1): sleep quality, nocturia,
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dreams/nightmares, restless legs, snoring, and daytime somnolence.
We used principal component analysis to test these hypotheses.

2. Methods
2.1. Patients

Idiopathic Parkinson's disease (PD) patients (N = 145; age: M =
64.74, SD = 8.95; gender: 34.5% female; disease duration in years:
M = 8.03, SD = 4.44; Unified Parkinson's Disease Rating Scale motor
subscore (part 3): M = 17.97, SD = 7.99) meeting the United
Kingdom Brain Bank diagnostic criteria [9] were evaluated and diag-
nosed by a board-certified neurologist with extensive experience in
movement disorders. Patients were predominantly (92.41%) classified
as Hoehn and Yahr stages [-II. The study was approved by the Emory
University Institutional Review Board and all patients provided in-
formed consent.

2.2. Neurodegenerative Disease Sleep Questionnaire (NDSQ)

The NDSQ is available in the Online Supplementary Material. The
NDSQ, presented in Table 1, is an amalgam of questions from differ-
ent research studies. These studies focused on various aspects of
self-reported sleep characteristics of middle-aged and elderly popu-
lations without neurological disease. The wording of the questions re-
flects the original wording as used in the primary source. Additionally,
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Table 1
Sleep questions were drawn from existing studies, which have assessed different aspects of sleep.
Sleep question Scale Predicted component Reference
1. How many hours do you usually get at night? Sleep quality [26]
2. How often do you have trouble falling asleep? 1-5 Sleep quality [27]
3. How often do you have trouble waking up during the night? 1-5 Sleep quality
4. How often do you have trouble waking up too early and not being able to fall asleep again? 1-5 Sleep quality
5. When you awaken during the night, how often do you urinate? 1-4 Nocturia [28]
6. How often do you snore in any way? 1-5 Snoring [11]
7. What time do you typically go to bed at night? Sleep quality [29]
8. What time do you typically wake up in the morning? Sleep quality
9. How often do you have a night full of intense, vivid dreams? 1-5 Dreams/nightmares [17]
10. How often do you have nightmares (frightening dreams)? 1-5 Dreams/nightmares
11. At bedtime, how often does restlessness in your legs delay your falling asleep? 1-4 Restless legs [30,31]
12. When you wake up during the night, how often do you feel unpleasant sensations in the leg muscles 1-4 Restless legs
that require you to move your legs or walk in order to be comfortable?
[Epworth Sleepiness Scale] Rate how likely you are to doze or fall asleep (in 8 daily situations) 0-24 Daytime sleepiness [10]

we administered the Epworth Sleepiness Scale (ESS) [10]. The NDSQ
can be completed by either patients themselves or, in the case of de-
mentia, by their caregivers or family members. In this study, none of
the PD patients were demented, and all completed the questionnaire
by themselves.

2.3. Statistical analyses

Missing data were excluded from the analyses. We used the noctur-
nal sleeping hours and typical bedtime/waketime questions (questions
1, 7-8) to form a measure of sleep efficiency (total sleeping hours divid-
ed by difference between typical bedtime and typical waketime). Our
primary analytical approach was to conduct a principal component
analysis to determine the number of components underlying patients'
responses on the NDSQ in this population. We used Kaiser's rule of
eigenvalues greater than 1 and Cattell's scree plot method to determine
the number of components. We then rotated the solution using an
oblique rotation (promax, kappa = 4) to obtain simple structure. We
used an oblique rotation to account for the possibility that some of our
components may be related to one another.

3. Results

Descriptive information for the NDSQ is presented in Table 2.
According to Kaiser's rule and the Cattell's scree plot method (Fig. 1),
we accepted five components to the NDSQ. The five components are
illustrated in Table 3 and explained 70.20% of the total variance. Com-
ponent 1 was primarily composed of sleep quality measures: the
highest loadings were increased frequency of trouble falling asleep,
nighttime awakenings, difficulty of being able to fall back asleep, and
lower sleep efficiency. No other variables loaded strongly (all < .15)

Table 2

Descriptive information for the NDSQ. Sample size varied across questions due to missing
data or endorsement of “don’t know” responses. The first measure is a ratio that indicates
sleep efficiency, with higher scores indicating better sleep. For the remaining questions
higher scores indicate greater sleep-related disturbances.

N Mean Standard
deviation
Hours sleeping/hours in bed 139 0.94 0.14
Trouble falling asleep 145 2.05 1.0
Waking during night 145 2.84 1.27
Waking too early 145 247 1.11
Nocturnal bathroom trips 144 1.71 0.87
Snoring 127 2.84 1.19
Vivid dreams 143 2.01 1.01
Nightmares 139 1.38 0.66
RLS at bedtime 144 1.48 0.75
RLS during night 143 1.64 0.79
Daytime sleepiness (Epworth) 143 9.78 484

onto Component 1. Both restless legs questions loaded strongly onto
Component 2, and this component also included a moderate loading
of difficulty falling asleep (see question 11 regarding restlessness causing
difficulty falling asleep). Component 3 included strong loadings for the
vivid dreams frequency and nightmares frequency questions, with all
other variables demonstrating weak to negligible loadings. The stron-
gest loading onto Component 4 was the occurrence of nocturia. Given
the definition of nocturia (waking up in the middle of the night and
having to go to the bathroom), it is perhaps not surprising that there
was also a moderate loading of waking in the middle of the night on
Component 4. Finally, Component 5 was composed of both snoring
frequency and daytime sleepiness (ESS), which could possibly reflect
their common association with sleep-disordered breathing (SDB).
Cronbach's alpha for the items within Component 1 (i.e., the only com-
ponent with more than two items) was moderate (.53). The compo-
nents did not correlate strongly with one another (rs <.23), which
suggests that the underlying constructs are highly dissociable.

3.1. Additional analyses

We conducted additional principal component analyses to deter-
mine the generalizability and potential limitations of our findings.
First, a similar 5-component structure was obtained when using
Varimax rotation rather than oblique rotation. Second, we conducted
a principal component analysis (oblique rotation) after treating the
“don't know” responses to snoring as “sometimes” responses [11].
Again, a 5-component structure was observed and snoring continued
to load the highest for Component 5. Third, we tested whether using
an extraction factor method indicating six factors (rather than relying
on eigenvalues > 1) improved the congruence of the results with our
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Fig. 1. Cattell scree plot suggesting five components to the sleep questionnaire. Kaiser's
eigenvalue rule converged with the five component solution.
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Table 3
The loadings of the principal component analysis using an oblique (promax, kappa = 4) rotation and eigenvalue greater than 1 cutoff. Descriptive labels for Components 1-5 are provided.
Component 1 Component 2 Component 3 Component 4 Component 5
(sleep quality) (restless legs) (dreams/nightmares) (nocturia) (sleep-disordered breathing)
Hours sleeping/hours in bed —.69 .02 —.12 —.01 .26
Trouble falling asleep .54 .38 18 —.13 —-.19
Waking during night .59 —.04 —.01 .53 11
Waking too early .88 —.15 —.20 .04 .20
Nocturnal bathroom trips .00 17 .09 .83 —.06
Snoring 13 .14 .07 —.44 .65
Vivid dreams —.03 —.02 .87 .02 .03
Nightmares .01 —.13 .82 11 15
RLS at bedtime .02 .87 —.09 .00 11
RLS during night —.12 .86 —.07 24 .05
Daytime sleepiness (Epworth) —.15 .05 11 15 .81
Eigenvalues for unrotated solution 2.57 1.60 1.40 1.13 1.03
Eigenvalues for rotated solution 2.10 1.85 1.61 1.32 134

hypotheses [8; Table 1]. Indicating six factors increased the cumulative
variance explained (76.88%), but note that the sixth component only
had an eigenvalue of 0.74. As illustrated in Table 4, the results were
similar to our original principal component analysis, with two ex-
ceptions: sleep efficiency and trouble falling asleep only weakly
loaded onto Component 1, and snoring and ESS loaded onto separate
factors (Components 4 and 6).

3.2. Correlational analyses

We conducted correlational analyses between the sleep variables
(i.e,, those in Table 1) and demographic and disease-related factors.
Gender was not significantly associated with any sleep variable, where-
as age was significantly positively correlated with total sleep time,
r(140) = .23, p < .01, and bathroom trips, r(142) = .19, p = .02, and
negatively with waking too early in the morning, r(143) = —.20,
p = .02. Disease duration was negatively associated with sleep efficien-
cy, 1(137) = —.17, p < .05, and UPDRS motor score was positively
correlated with Epworth scores, r(140) = .22, p = .01.

4. Discussion
4.1. Evaluation of the component structure

We originally conceptualized [8] the NDSQ and ESS as representing
six components, and this conceptualization was highly compatible with
the five components yielded by the principal component analysis. The
only discrepancy between our initial conceptualization of the NDSQ
(Table 1) and the results of the principal component analysis was that
daytime sleepiness and snoring measures loaded onto the same compo-
nent. Snoring and daytime sleepiness are two of the primary symptoms

Table 4

of SDB; therefore, Component 5 may represent SDB, at least in these PD
patients. However, this conclusion should be treated with some caution
because snoring and daytime sleepiness loaded onto separate factors
when forcing the principal component analysis to fit six factors.

One of the components revealed in the NDSQ clustered on sleep
quality measures (Component 1). Poor sleep quality is frequently ob-
served in PD patients. Relative to healthy age-matched controls, PD pa-
tients demonstrate difficulty with sleep maintenance [12] and possibly
also with sleep initiation [3]. Component 1 of the NDSQ was primarily
associated with sleep maintenance difficulties, but also to a (slightly)
lesser extent with sleep initiation difficulties. Poor sleep quality in PD
patients may be due to restricted range of mobility when in bed, tremor,
increased frequency of periodic leg movements that may disrupt sleep
[13], or greater dream enactment [14]. Though there was some overlap
between the sleep initiation question (which loaded most strongly onto
Component 1) and the RLS factor (Component 2), this was likely due to
RLS being associated with difficulty falling asleep. Although early re-
search suggested that 20.8% of PD patients also have RLS [15], subse-
quent research has indicated that these conditions have different
underlying pathophysiology [16].

Additional dissociable components in the NDSQ were frequency of
vivid dreams/nightmares and nocturia. The clinical relevance of vivid
dreams/nightmares (Component 3) may relate to presence of REM
sleep behavior disorder [3], pharmacological treatment [ 18], psychiatric
co-morbidity [19], or possibly even narcolepsy [17], but these possi-
bilities require further investigation and might constitute a reason to at-
tempt polysomnography. Another aspect of sleep that may hold clinical
value, but is not often incorporated into sleep questionnaires, is the as-
sessment of nocturia (nighttime voiding), which can be a major issue in
neurodegenerative conditions like PD [20]. The nocturia question only
loaded strongly onto Component 4, and this component only received

The loadings of the principal component analysis using an oblique (promax, kappa = 4) rotation and forcing a 6 factor solution. Descriptive labels for Components 1-6 are provided.

Component 1 Component 2 Component 3 Component 4 Component 5 Component 6

(sleep maintenance) (restless legs) (dreams/nightmares) (daytime sleepiness) (nocturia) (snoring)
Hours sleeping/hours in bed —.24 —.11 —.03 .68 —.23 —.24
Trouble falling asleep 27 41 .20 —.40 —.19 —.02
Waking during night .80 .01 .03 .08 .26 —.21
Waking too early .96 —.09 —.15 —.05 —.17 .05
Nocturnal bathroom trips —.01 .06 .00 —.10 94 —.02
Snoring —.10 .01 —.04 .01 —.03 .96
Vivid dreams —-.19 —.03 .87 —.09 .04 .05
Nightmares .04 —.08 .87 13 —.04 —.08
RLS at bedtime .01 91 —.05 .07 —.09 .02
RLS during night —.13 .85 —.07 .05 22 .01
Daytime sleepiness (Epworth) .26 .08 15 72 .04 .30
Eigenvalues for unrotated solution 2.57 1.60 140 1.13 1.03 0.74
Eigenvalues for rotated solution 2.08 1.96 1.74 1.30 1.28 131
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moderate contribution from one other factor (nocturnal awakenings).
The omission of a nocturia assessment from typical sleep questionnaires
may be important not only because it assesses a different component
than other sleep questions (as shown by the present results), but also
because nocturia is associated with increased risk for falls [21] and
worsened health-related quality of life [22].

4.2. Relation to existing sleep questionnaires

Existing sleep questionnaires for patients with neurodegenerative
diseases include scales focused on PD [23-25] and scales focused on
dream enactment behaviors [5]. We have found that, when combined
with the ESS, the 12 items inquired about here provide a very quick
overview of what issues may be problematic for PD patients and their
caregivers. The recently published Mayo Sleep Questionnaire [7] repre-
sents another validated option for assessing reported aspects of sleep,
however, its utility for population-based screening may have some
limitations because it does not collect data on sleep duration or nocturia
[26,28], which are both important phenomena particularly among older
persons. Inclusion of ESS along with the NDSQ also allows for more de-
tailed assessment of real world situations in which daytime sleepiness
is likely to occur.

4.3. Conclusions and future directions

The present work used principal component analysis to evaluate the
NDSQ's ability to assess multiple aspects of reported sleep behaviors,
namely, sleep quality, vivid dreams/nightmares, nocturia, SDB, and rest-
less legs symptoms. Future work may involve the evaluation of test-
retest reliability and the inclusion of patients with varying disease
severity and different neurological conditions. However, based on the
component structure that was revealed by principal component analy-
sis, the NDSQ appears to be a valid and efficient metric for assessing
sleep disturbances in patients with neurodegenerative disease, in this
case those with PD.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jns.2013.09.009.
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