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INTRODUCTION

Parkinson's disease (PD) is the second most common neurodegenerative disease [1, 2].
Despite intensive investigations conducted in previous decades, the etiology of PD is not
completely resolved. Today, it is considered that multifactorial genesis, probably an
interaction of genetic and environmental factors, is the most likely progenitor of the disease
[3]. This chronic progressive neurodegenerative disease is mainly caused by the degeneration
of nigrostriatal dopaminergic neurons [1]

PD occurs in all age groups, but more often in patients over the age of 60, and in this
population its frequency is approximately 1% [3]. PD is characterized by progressive motor
symptoms (MS) and non-motor symptoms (NMS), such as disorders of the gastrointestinal,
urinary, circulatory, autonomic system etc.[4, 5]. In addition to MS (e.g., tremor, rigidity,
bradykinesia, and postural instability), NMS (e.g., constipation, urinary disorders, sleep
disturbances, sweating, depression, pain etc.) are often present and may occur much earlier
than MS do.

The results of previous studies have shown that different kinds of sleep disorders are
present in the majority of patients with PD, regardless of age, gender, disease duration or the
stage of disease progression, and that they are more pronounced in the advanced stages of the
disease. These results were obtained using questionnaires concerning sleep quality, quality of
life (QoL) and assessing difficulties in performing daily activities in PD patients.

It is known that sleep disturbances (SD) in PD result from the interaction of
neurochemical changes in the regulatory sleep centres in the thalamus and frontal regions of
the brain and neurodegenerative changes in the dopaminergic neurons of the basal ganglia.
These changes affect most patients with PD [6, 7, 8]. SD are also caused by other factors,
such as depression, pain and other co-morbidities. Common SD in patients with PD include
excessive daytime sleepiness (EDS), "sudden involuntary sleep” episodes, insomnia,
fragmented sleep, nightmares, periodic leg movement, restless legs syndrome and frequent
night-time urination - nocturia [9, 10].

The aim of this study was to compare quality of sleep, as a factor that greatly impacts
quality of life in general, between PD patients and a control group and to further examine
sleep disorders in the PD group with focus on incidence and types of disorders as well as on
effects various factors (age, sex, PD characteristics, medication usage) have on these

disorders.



METHODS

The study included 220 participants, 110 of whom fulfilled the diagnostic criteria for
PD (i.e., United Parkinson's Disease Society Brain Bank Clinical Diagnostic Criteria) [1] and
presented with different stages and different duration of the disease. This group was age-
matched with 110 healthy controls.

All persons involved in the study gave their informed consent prior to their inclusion
in the study. The study was carried out in accordance with The Code of Ethics of the World
Medical Association.

We used the Pittsburgh Sleep Quality Index (PSQI) in both groups, and the
Parkinson's Disease Sleep Scale (PDSS), the Epworth Sleepiness Scale (ESS), the Parkinson's
Disease Quality of Life Questionnaire - 8 (PDQ-8), and items 30 and 33 of the Parkinson's
Disease Quality of Life Questionnaire - 39 (PDQ-39) in the group of patients with PD. Mean
values of the PSQI scores were compared between the two groups of patients.

The PD group was analysed according to the duration of the disease, the stage of
disease based on the Hoehn and Yahr (H&Y) scale, medication usage and their impact on SD
types (i.e., insomnia, EDS, nightmares, fragmented sleep, nocturia, PLM and RLS).

In the statistical analysis, we used descriptive statistics and the following tests:
Kolmogorov—Smirnov’s test for the normal distribution of certain quantitative values, the
Mann-Whitney U test, Spearman’s Rho test and Pearson’s Chi-squared test. P value of < 0,05

was considered statistically significant.



RESULTS

In the PD group of 110 patients, 56 were female and 54 were male. In the control
group of 110 healthy participants, 64 were female and 46 were male. The average age of the
females in the PD group was 58 years (+ 11.49), and the average age of the males was 58.5
years (+10.68). The average age of the females in the control group was 57 years (+13.08),

and the average age of the males was 56.5 years (+13.67)

The Kolmogorov—Smirnov test for normality of distribution was used to evaluate our
data set and showed that all variables except age were significantly different from the normal
distribution. Based on these data, we used non-parametric tests in further analysis.

The average duration of PD was six years (standard deviation — SD = 4.72); the mean
H&Y stage of the disease was 2.44 (SD = 0.95). The average value of the PDSS was 82.05
(SD = 36.92), ESS 6.29 (SD = 4.86), PDQ-8 6.88 (SD = 6.50), PDQ39, point 30 0,88 (SD =
1.28) and PDQ39, point 33 0.40 (SD = 0.89)

Figure 1: Comparison of Pittsburgh Sleep Quality Index (PSQI) in the PD group and the

control group
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Median value of the PSQI score in the PD group was 12.00, which was three times
higher than in the control group (median value 4.00) (Fig. 1).

Table 1: Spearman’s Rho correlation test between duration of PD and PSQI, ESS, PDQ-
8, PDQ-39, between H&Y stage and PSQI, ESS, PDQ-8, PDQ-39 and between age and
PSQI, ESS, PDQ-8, PDQ-39

PDQ- PDQ-
N =110 PSQI PDSS ESS PDQ -8
39,130 | 39,133
prd Correlation
o o 0.641 -0.713 | 0.627 0.660 0.582 0.469
= Coefficient
<
5
&) P <0.001* | <0.001* | <0.001* | <0.001* | <0.001* | <0.001*
g
Correlation
o 0.584 -0.573 | 0.480 0.606 0.376 0.488
Coefficient
o > P <0.001* | <0.001* | <0.001* | <0.001* | <0.001* | <0.001*
2|2
g Correlation
> o 0.394 -0.390 |0.354 0.369 0.288 0.406
< Coefficient
=
< L P <0.001* | <0.001* | <0.001* | <0.001* | 0.002* | <0.001*
W o
%) <
*p < 0,05
N - number of participants, H&Y - Hoehn and Yahr stage, PD- Parkinson's disease, PSQI -

Pittsburgh Sleep Quality Index, PDSS - Parkinson's Disease Sleep Scale, ESS - Epworth
Sleepiness Scale, PDQ-8 - Parkinson's Disease Quality of Life Questionnaire - 8, PDQ-39,
130 - Parkinson's Disease Quality of Life Questionnaire 39, item 30, PDQ-39, 133 -
Parkinson's Disease Quality of Life Questionnaire 39, item 33

All correlations (Spearman's Rho coefficient) were statistically significant, and all
correlation coefficients with an absolute value above 0.6 denoted strong correlation. The
duration of disease was significantly positively correlated with the PSQI, ESS and PDQ-8



scores, but negatively correlated with the PDSS score, therefore longer duration of the disease
caused significantly higher PSQI, ESS and PDQ-8 scores, but lower PDSS scores. The H&Y
stage of the disease had the highest association with the PDQ-8 (Table 1).

Age also showed a significant correlation with tested scores but age was significantly
positively correlated with PSQI scores in both the PD and control groups. The control group
even showed a slightly higher correlation coefficient, which was not significant.

Table 2: Frequency of sleep disorders (insomnia, excessive daytime sleepiness,
nightmares, fragmenting sleep, nocturia, PLM and RLS) and medication usage (DA
agonist, levodopa, MAO-B inhibitors, COMT inhibitors, NMDA antagonists and

atypical neuroleptics) in all patients and according to gender

TOTAL | % MALE % FEMALE | %

INSOMNIA 37 33.6 11 19.6 26 48.1
EDS 23 20.9 11 19.6 12 22.2
NIGHTMARES | 15 13.6 9 16.1 6 111
FS 42 38.2 27 48.2. 15 27.8
NICTURIA 42 38.2 34 60.7 8 14.8
PLM 8 7.3 8 14.3 0 0.0

RLS 13 11.8 4 7.1 9 16.7
DA AGONIST | 86 78.2 44 78.6 42 77.8
LEVODOPA 51 46.4 29 51.8 22 40.7
MAO-B INH 50 455 24 42.9 26 48.1
COMT INH 14 12.7 8 14.3 6 111
NMDA ANT 29 26.4 11 19.6 18 33.3
ATYPICALNL |20 18.2 12 214 8 14.8

EDS - excessive daytime sleepiness, FS - fragmented sleep, PLM - periodic leg movements,
RLS - restless legs syndrome, DA agonist - dopamine agonist, MAO-B INH - monoamine
oxidase inhibitors, COMT INH - catechol-O-methyl transferase inhibitor, NMDA ANT - N-
methyl-D-aspartate antgonist, ATYPICAL NL - atypical neuroleptic



The most common SD were fragmented sleep and nocturia. The least common was
PLM. The most commonly used medications were DA agonists, followed by levodopa and
MAO-B inhibitors. The least frequently used were COMT inhibitors. The numbers obtained
according to gender showed that women were significantly more likely to have insomnia,

while men experienced significantly more fragmented sleep, nicturia and PLM (Table 2).

The Pearson Chi-squared test was performed to determine the statistically significant

differences in the frequency of SD and medication usage according to gender.

Table 3: Pearson Chi-Square Test used to determine differences in the frequency of SD
and medication usage according to gender

v 10.007
INSOMNIA
P 0.002*
2
0.111
EDS *
P 0.739
¥ 0.574
NIGHTMARES
P 0.449
2
X 4.864
FS
P 0.027*
¥ 24,538
NICTURIA
P <0.001*
y 8.319
PLM
P 0.004*
2
2.393
RLS *
P 0.122
¥ 0.010
DA AGONIST
P 0.920
XZ 1.349
LEVODOPA
P 0.246
y 0.310
MAO-B INH
P 0.577
COMT INH v 0.249




P 0.617

v 2.654
NMDA ANT

P 0.103

v 0.808
ATYPICAL NL

P 0.369

*p < 0,05

v* - Chi-square value, EDS - excessive daytime sleepiness, FS - fragmented sleep, PLM -
periodic leg movements, RLS - restless legs syndrome, DA agonist - dopamine agonist,
MAO-B INH - monoamine oxidase inhibitors, COMT INH - catechol-O-methyl transferase
inhibitor, NMDA ANT - N-methyl-D-aspartate antgonist, ATYPICAL NL - atypical

neuroleptic

The results of the Pearson’s Chi-squared test showed differences according to gender.
Women were significantly more likely to have insomnia, while men experienced fragmented
sleep, nicturia and PLM. The analysis of the therapy showed small differences in the use of
drugs, according to gender (Table 3).

An analysis was conducted to determine the influence of selected drugs on PSQI, ESS,
PDQ-8, and PDQ-39. Drugs selected for analysis were DA agonists (a commonly used drug)
and atypical neuroleptics (clozapine and quetiapine), both with a sedative effect and NMDA

antagonists, with an excitatory effect.

The results of the Mann-Whitney U test that was performed showed that the
application of DA agonists in patients with PD had a statistically significant (p < 0.05) effect
on PSQI, PDSS and PDQ-8.

The results indicate that the use of atypical neuroleptics in patients with PD had a
statistically significant effect (p < 0.05) in all the tests evaluated (PSQI, PDSS, ESS, PDQ-8,
PDQ-39, 130 and PDQ-39, | 33).

The results indicate that the use of NMDA antagonists in patients with PD had a non-
significant (p > 0.05) effect on PSQI, ESS, PDQ-8, PDQ-39: I and 30 and 33.



DISCUSSION

The quality of sleep significantly affects the QoL of the healthy population in general.
It particularly affects the QoL of patients with various diseases, especially those with chronic
and long-term diagnoses. Duration of PD and being over the age of 60 are top risk factors that
influence the quality of sleep and QoL of patients [3, 6]. In this study, the average age of
patients in the PD group was less than 60 years (58 years for women and 58.5 year for men),
which indicates that age here was not one of the main risk factors for SD.

The H&Y scale for grading the progression of PD in five stages was originally
released in 1967 [11] with later modifications and different applications [12, 13]. The mean
H&Y stage of PD in the study was 2.44, indicating that the majority of patients had bilateral
motor affection, a certain degree of functional disability and a number of NMS.

SD as NMS are experienced by the vast majority of the patients. They may be present
in all stages of PD but are mostly found in the more advanced stages [6, 8]. The types of SD
that were present in the group we studied (insomnia, EDS, nightmares, fragmented sleep,
frequent night-time urination, PLM and RLS) were in accordance with previous studies [7-9].
The most common among them were fragmented sleep and nocturia, and the least common
was PLM. Analysis according to gender showed that women were significantly prevalent in
the group with insomnia, while men experienced fragmented sleep, nicturia and PLM
significantly more often than women. The frequent presence of fragmented sleep in men may
be connected with high prevalence of prostate disease in the elderly that can have a combined
effect with PD on frequent night urination.

Given that previous studies showed PD significantly affects the quality of sleep [14]
and QoL [15, 16], we used different scales to assess the incidence, degree and type of SD and
their effect on QoL while taking into consideration various characteristics of PD [17-19]. The
median PSQI score was 12, which was significantly higher in the group with PD than in the
control group, where the median value was 4. These results confirmed the assumption that PD
significantly affects all points related to the quality of sleep, which are more pronounced as
the disease progresses. Given that one-third of the human lifespan is spent in sleep, it is clear
that QoL directly depends on the quality of sleep [20, 21]. The average duration of PD in our
study group was 6 years, and the longer duration significantly positively correlated with the
PSQI, ESS and PDQ-8 scores, but negatively with the PDSS score. The H&Y stage of the
disease was significantly positively associated with the PDQ-8, which was expected, given

that the progression of the disease significantly decreases QoL. This is also in accordance



with previous studies which stated that the incidence of SD increases with the progression of
PD [21, 22].

In many studies [22, 23], researchers found a correlation between REM SD and the
consequent development of PD. Some investigations [23, 24] found that up to 75% of patients
with REM sleep disorder developed a Parkinson-like disorder, or probable PD, which
indirectly confirmed that very disturbed sleep quality may be a risk factor for the development
of PD. In addition, the frequent coexistence of PD, RLS and PLM was observed in some
patients, which is supported by the fact that we treat these disorders with the same or similar
drugs [25]. Furthermore, the presence of either RLS or PLM significantly disturbs not only
individual sleep, but also that of partners and others members of the household. Nevertheless,
there is no clear evidence that RLS and PLM are risk factors for the development of PD, and
much controversy surrounds this subject [10, 26].

In addition to sleep disorders, patients with PD often complain of daytime sleepiness,
and studies showed that daytime sleepiness occurs in most patients with PD [9, 21]. These
symptoms occur not only as consecutive daytime sleepiness after disturbed night sleeping but
also because of factors related to the disease and treatment, and they have a major influence
on the QoL of patients with PD, which should certainly be taken into consideration in
choosing therapeutic treatment for PD [27]. According to our results, excessive daytime
sleepiness was present in 19.9% men and 22.6% women. This is important to detect because
of the possibility of introducing specific therapy (modafinil), if the correction of previous
therapy and other methods are not effective [28].

It is well known that some antiparkinsonian drugs have a sedative effect [27-29] as do
other drugs used in PD, but no previous study has investigated this issue. Therefore, in our
study, we also conducted an analysis of the effect of certain drugs (used in the treatment of
PD) with known sedative or excitatory effects that could possibly influence development of
SD. These included primarily DA agonists (a commonly used drug), followed by atypical
neuroleptics (clozapine and quetiapine) as drugs with sedative effects and NMDA antagonists,
which are known to have an excitatory effect. Analysis of the effects of these drugs on PSQI,
ESS, PDQ-8, PDQ-39 showed DA agonists and atypical neuroleptics to have a statistically
significant sedative effect during the day, which is a possible cause of SD. These drugs were
also proved to cause excessive daytime sleepiness, which indirectly indicates the need for the
correction of the daily dose of some drugs in some patients. These results also show that

careful consideration is needed when using multiple drugs with sedative effects in the same

10



patient. While creating a schedule of when a certain drug should be taken during the day,
circadian rhythm of the patient shoud always be taken into consideration.

NMDA antagonists had no effect on the scores of the scales, which pointed to the fact
that the patients adhered to the instructions of their doctor regarding taking the last dose of the
NMDA antagonist no later than 4 p.m., given the excitation and insomnia that can this drug
can cause.

As co-morbidity is very common in age groups usually affected with PD, using
multiple drugs in patients with PD is not rare. This suggests the need for the analysis of other
therapy as well in further studies.

The analysis of sleep disorders in most patients needs to include video-
polysomnographic testing [30]. The selection of additional, specific treatment of SD in PD is
based on defining weather the problems are in falling asleep, sleeping or early awakening, and
discussing other symptoms, especially the presence of depression, hallucinations or other
psychiatric phenomena. When introducing sedatives, hypnotics, antidepressants or other
psychopharmacological drugs their potential positive or negative effects on other symptoms
of PD should always be taken into account. The possibility of side effects and unwanted
interactions with other therapies should be expected.

Patients with PD have fragmented sleep because of night hypokinetic and akinetic
crises, the inability or difficulty of turning in bed, difficult covering, autonomic disturbances
(e.g., excessive cold, excessive heat, sweating), pain in the musculoskeletal system,
depression, and inadequate drug regimens (the last dose of PD taken too early). In some
patients, it is necessary to increase the evening dose of the drug and/or prescribe a later dose.
Further reasons may include shortened effects of the drug dose, weakening effect of the drug,
co-medication and co-morbidity, and the side effects of medications for PD and other
therapies. All these symptoms and effects should be taken into consideration when diagnosing
and solving this complex problem, which in most cases requires a polyvalent approach and
consulting with experts in different fields. Therefore, the correction and adjustment of therapy
for each PD patient should include a personalized, integrative approach using the principles of
individualized treatment and the input of a highly specialized multidisciplinary team (i.e.,
neurologist, psychiatrist, somnologist, psychologist, urologist, gastroenterologist, PD nurse,
physician, physiotherapist, speech therapist, occupational therapist).

It is also necessary to educate patients and family members (or caregivers) about the
necessity of conducting adequate sleep hygiene, that is, adherence to times of falling asleep

and waking up, avoiding stimulating beverages (e.g., coffee, tea, cola), proper diet, adequate
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supply of beds, the optimum temperature of the room, darkness, silence etc. Furthermore,
because the quality of the sleep disorders in PD patients directly and indirectly affects sleep of
the whole family (caregiver), the problem involves more than one person and often the entire
household.

It is extremely important to ask the PD patient specifically about problems related to
sleep because many will not even complain about this, as they consider it an expected part of
the disease that cannot be resolved. Furthermore, it is important to define accurately the type
or the combination of several types of sleep disorder. It is therefore necessary to use a variety
of relevant scales and questionnaires. In addition to the objectification and quantification of
sleep disorders, the appropriate scales and tests allow monitoring the progression of
symptoms, as well as evaluating the effects of therapy and other methods used to solve the
problem. These simple, reproducible and comparable methods significantly contribute to not
only better diagnoses and treatment of sleep disorders but also other NMS in PD, as well as
diseases in general. Therefore, they should be an indispensable part of routine diagnostic and
therapeutic algorithms of PD. Their inclusion in the PD protocol would greatly improve not
only the QoL of patients with PD, but also QoL of their family. PD is a chronic and
progressive disease with serious repercussions not only for the affected person, but also his or
her family, caregivers, as well as the entire community.

In this study, only some patients had a video polysomnography, which is a limitation
of our investigation. Given that this method is fully objective for sleep disorders (unlike

patient history and questionnaires) it should be included in further investigations.

CONCLUSION

This study shows that in order to improve the QoL of PD patients, it is necessary to

pay more attention to detecting and solving problems related to sleep.

12



ACKNOWLEDGEMENTS

PSQI was reproduced from Buysee DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res 1989;28:193-213. with permission from Professor Buysee at the University of
Pittsburgh School of Medicine.

PDQ-8 and PDQ-39 were used with the permission of Isis Outcomes at the University of
Oxford.

PDSS was reproduced from Chaudhuri KR, Pal S, DiMarco A, Whately Smith C, Bridgman
K, Matthew R et al. The Parkinson's disease sleep scale: a new instrument for assessing sleep
and nocturnal disability in Parkinson's disease. J Neurol Neurosurg Psychiatry 2002;73:629-

35. with permission from BMJ Publishing Group LTD.

ESS was reproduced from Johns MW. A new method for measuring daytime sleepiness: The
Epworth sleepiness scale. Sleep 1991;14:540-5. with the permission from ESS MW Johns
1990-1997 and Mapi Research Trust.

FINANCIAL DISCLOSURE

Srdjana Telarovic, Dragana Mijatovic and Irma Telarovic certify that they received no
financial of material support for this research.

CONFLICT OF INTERESTS

All of the authors named above certify that they have NO affiliations with or involvement in

any organization or entity with any financial interest or non-financial interest in the subject

matter or materials discussed in this manuscript.

13



AUTHOR CONTRIBUTORSHIP:

Telarovic S. made substantial contributions to the main idea, conception and design,
acquisition of the data and analysis, supervised this study and interpretation of the data and

wrote the manuscript.

Mijatovic D. made contributions to data analysis and interpretation of the data.

Telarovic |. made contributions to the acquisition of the data, statistical analysis,
interpretation of the data and was involved in drafting the manuscript and provided critical

revisions of the manuscript.

All authors read and approved the final manuscript.

14



REFERENCES

10.

11.

12.

Gelb DJ, Oliver E, Gilman S (2009) Diagnostic criteria for Parkinson disease. Arch
Neurol 56:33-39

Bassetti CL (2011) Nonmotor Disturbances in Parkinson’s Disease.
Neurodegenerative Dis 8:95-108

Taylor CA, Saint-Hilaire MH, Cupples LA, Thomas CA, Burchard AE, Feldman R et
al (1999) Enviromental, medical and family history risk factors for Parkinson's
disease. A New England based case control study. Am J Med Genet 88:742-49

Salawu FK, Danburam A, Olokoba AB (2010) Non-motor symptoms of Parkinson's
disease: diagnosis and management. Neurology 19:126-31

Louter M, Aarden WC, Lion J, Bloem BR, Overeen S (2012) Recognition and
diagnosis of sleep disorders in Parkinson's disease (Review). J Neurol 259:2031-40
Opara JA, Brola W, Leonardi M, Blaszczyk (2012) Quality of life in Parkinson's
disease (Review). J Med Life 5:375-81

Bruin VM, Brittencourt LR, Tufik S (2012) Sleep-wake disturbances in Parkinson's
disease: current evidence regarding diagnostic and terapeutic decisions. Eur Neurol
6:257-67

Louter M, Munneke M, Bloem BR, Overeem S (2012) Nocturnal hypokinesia and
sleep quality in Parkinsons's disease. J Am Geriat Soc 60:1104-08

Louter M, Van der Marck MA, Pevernagie DA, Munneke M, Bloem BR, Overeem S
(2013) Sleep matters in Parkinson's disease: use of a priority list to assess the presence
of sleep disturbances. Eu J Neurol 20:259-65

Covassin N, Neikrug AB, Liu L, Corey-Bloom J, Lored J, Palmer B et al (2001)
Clinical correlates of periodic limb movements in sleep in Parkinsons's disease. J
Neurol Sci 316:131-36

Hoehn M, Yahr M (1967) Parkinsonism: onset, progression and mortality. Neurology
17:427-42

Goetz CG, Poewe W, Rascol O, Smapaio C, Stebbing GT, Counsell C et al (2004)
Movement Disorder Society Task Force Report on the Hoehn and Yahr Staging Scale:
Status and Recommendations. The Movement Disorder Society Task Force on Rating
Scales for Parkinsons's Disease. Mov Disord 19:1020-28

15


http://www.ncbi.nlm.nih.gov/pubmed?term=Salawu%20FK%5BAuthor%5D&cauthor=true&cauthor_uid=20642073
http://www.ncbi.nlm.nih.gov/pubmed?term=Danburam%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20642073
http://www.ncbi.nlm.nih.gov/pubmed?term=Olokoba%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=20642073

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Zhao YJ, Wee HL, Chan YH, Seah SH, Au WL, Lau PN et al (2010) Progression of
Parkinson's disease and evaluated by Hoehn and Yahr stage transitions times. Mov
Disord 25:710-16

Havlikova E, Van Dijk JP, Nagyova I, Rosenberger J (2011) The impact of sleep and
mood disorders on quality of life in Parkinson's disease patients. J Neurol 258:2222-29
Martinez-Martin P (2011) The importance of non-motor disturbances to quality of life
in Parkinson's disease. J Neurol Sci 310:12-16

Barone P, Antonini A, Colosimo C, Marconi R, Morgante L, Avarello TP et al (2009)
The PRIAMO study: A multicenter assessment of nonmotor symptoms and their
impact on quality of life in Parkinson's disease. Mov Disord 24:1641-49

Buck PO, Trautman H, Clark J (2010) Scales for assessing nonmotor symptom
severity changes in Parkinson's disease patients with symptom fluctuations. Int J
Neurosci 120:523-30

Chaudhuri KR, Pal S, DiMarco A, Whately Smith C, Bridgman K, Matthew R et al
(2002) The Parkinson's disease sleep scale: a new instrument for assesing sleep and
nocturnal disability in Parkinson's disease. J Neurol Neurosurg Psychiatry 73:629-35
Suzuki K., Miyamoto M., Miyamoto T, Tatsumoto M, Watanabe Y, Suzuki S (2012)
Nocturnal disturbances and restlessness in Parkinsons's disease: using the Japanese
version of the Parkinsons's disease sleep scale-2. J E Neurol Sci 318:76-81

Gallagher DA, Lees AJ, Schrag A (2010) What are the most important nonmotor
symptoms in patients with Parkinson's disease and are we missing them? Mov Disord
25:2943-500

Monderer R, Thorpy M (2009) Sleep disorders and daytime sleepiness in Parkinson's
disease. Curr Neurol Neurosci Rep 9:173-80

Friedman JH, Millman RP(2008) Sleep disturbances and Parkinson's disease. CNS
Spectr 13:12-17

Suzuki K, Miyamoto T, Miyjamoto M, Watanabe Y, Suzuki S, Tatsumoto M et al
(2013) Probable rapid eye movement sleep behavior disorder, nocturnal disturbances
and quality of life in patients with Parkinsons's disease: a case-controlled study using
the rapid eye movment sleep behavior disorder screening questionnaire. BMC
Neurology 13:18

da Silva FP, do Prado GF, Barbosa ER, Tufik S, Togeiro SM (2014) Sleep Disordered
Breathing in Parkinson’s Disease: critical appraisal. Sleep Med Rev 18:173-78

16


http://www.ncbi.nlm.nih.gov/pubmed?term=Havlikova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21614432
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Dijk%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=21614432
http://www.ncbi.nlm.nih.gov/pubmed?term=Nagyova%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21614432
http://www.ncbi.nlm.nih.gov/pubmed/21614432
http://www.ncbi.nlm.nih.gov/pubmed?term=Martinez-Martin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21621226
http://www.ncbi.nlm.nih.gov/pubmed/21621226
http://www.ncbi.nlm.nih.gov/pubmed?term=Barone%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19514014
http://www.ncbi.nlm.nih.gov/pubmed?term=Antonini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19514014
http://www.ncbi.nlm.nih.gov/pubmed?term=Colosimo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19514014
http://www.ncbi.nlm.nih.gov/pubmed?term=Colosimo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19514014
http://www.ncbi.nlm.nih.gov/pubmed/19514014
http://www.ncbi.nlm.nih.gov/pubmed?term=Buck%20PO%5BAuthor%5D&cauthor=true&cauthor_uid=20615055
http://www.ncbi.nlm.nih.gov/pubmed?term=Trautman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20615055
http://www.ncbi.nlm.nih.gov/pubmed?term=Clark%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20615055
http://www.ncbi.nlm.nih.gov/pubmed/20615055
http://www.ncbi.nlm.nih.gov/pubmed/20615055
http://www.ncbi.nlm.nih.gov/pubmed?term=Gallagher%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=20922807
http://www.ncbi.nlm.nih.gov/pubmed?term=Lees%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=20922807
http://www.ncbi.nlm.nih.gov/pubmed?term=Schrag%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20922807
http://www.ncbi.nlm.nih.gov/pubmed?term=Monderer%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19268041
http://www.ncbi.nlm.nih.gov/pubmed?term=Thorpy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19268041
http://www.ncbi.nlm.nih.gov/pubmed/19268041
http://www.ncbi.nlm.nih.gov/pubmed?term=Friedman%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=18323762
http://www.ncbi.nlm.nih.gov/pubmed?term=Millman%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=18323762
http://www.ncbi.nlm.nih.gov/pubmed/18323762
http://www.ncbi.nlm.nih.gov/pubmed/18323762

25.

26.

217.

28.

29.

30.

Loo HV, Tan EK (2008) Case-control study of restless legs syndrome and quality of
sleep in Parkinson's disease. J Neurol Sci 266:145-49
Wong JC, Li Y, Schwarzschild MA, Ascherio A, Gao X (2014) Restless legs

syndrome: an early clinical feature of Parkinson disease in men. Sleep 37:369-72

Chaudhuri KR, Schapira AH (2009) Non-motor symptoms of Parkinson's disease:
dopaminergic pathophysiology and treatment. Lancet Neurol 8:464-74

Lou JS, Dimitrova DM, Park BS (2009) Using modafinil to treat fatigue in Parkinson
disease: a double-blind, placebo-controlled pilot study. Clin Neuropharmacol 32:305-
10

Klingelhoefer L, Sokolov E, Chaudhuri ER (2014) Therapeutic options for
nocturnal problems in Parkinson’s disease and atypical parkinsonian disorders. J
Neural Transmis 3:1435-63

Postuma RB (2014) Diagnosing REM sleep behavior disorder in Parkinson's disease-

can we avoid the polysomnogram? Mov Disord 29:713-14

17


http://www.ncbi.nlm.nih.gov/pubmed?term=Loo%20HV%5BAuthor%5D&cauthor=true&cauthor_uid=17942122
http://www.ncbi.nlm.nih.gov/pubmed?term=Tan%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=17942122
http://www.ncbi.nlm.nih.gov/pubmed/17942122
http://europepmc.org/search?page=1&query=AUTH:%22Wong+JC%22
http://europepmc.org/search?page=1&query=AUTH:%22Li+Y%22
http://europepmc.org/search?page=1&query=AUTH:%22Schwarzschild+MA%22
http://europepmc.org/search?page=1&query=AUTH:%22Ascherio+A%22
http://europepmc.org/search?page=1&query=AUTH:%22Gao+X%22
http://europepmc.org/search?page=1&query=ISSN:%220161-8105%22
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaudhuri%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=19375664
http://www.ncbi.nlm.nih.gov/pubmed?term=Schapira%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=19375664
http://www.ncbi.nlm.nih.gov/pubmed/19375664
http://www.ncbi.nlm.nih.gov/pubmed?term=Lou%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=19620846
http://www.ncbi.nlm.nih.gov/pubmed?term=Dimitrova%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19620846
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=19620846
http://www.ncbi.nlm.nih.gov/pubmed/19620846
http://link.springer.com/search?facet-author=%22Lisa+Klingelhoefer%22
http://link.springer.com/search?facet-author=%22Elisaveta+Sokolov%22
http://link.springer.com/search?facet-author=%22K.+Ray+Chaudhuri%22
http://link.springer.com/journal/702
http://link.springer.com/journal/702

