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Abstract:

Background: Sleep disorders are highly prevalent among patients with Parkinson’s disease (PD). Chronic medication with L-dopa

may be one of the factors that contributes to poor sleep quality. The aim of this study was to assess the effects of long term use of

L-dopa on objective and subjective measures of sleep quality in PD patients.

Methods: Twenty-seven PD patients (mean age 62.5 ± 8.6 years, mean disease duration 7.3 ± 5.9 years, 11 females) underwent noc-

turnal polysomnography. Their sleep was rated subjectively using the Parkinson’s disease sleep scale (PDSS), and their disease se-

verity was assessed using the unified Parkinson’s disease severity scale (UPDRS) standard questionnaire. Doses of L-dopa and other

medications were correlated with parameters of sleep quality. The polysomnographic recordings were compared with those from

24 age- and gender-matched normal controls.

Results: The patients showed decreased total sleep time (TST) and sleep efficiency (SE), prolonged sleep onset and REM sleep

latency and wake after sleep onset (WASO). Parts I–III of the UPDRS scores correlated with TST, SE and WASO but not with PDSS

scores. L-dopa dosage and part IV of the UPDRS correlated with PDSS scores but not with polysomnographic parameters.

Conclusions: Higher doses of chronically administered L-dopa correlated with lower sleep quality according to the subjective meas-

ures but not according to the polysomnographic parameters, which were related to the severity of PD symptoms. The low sleep qual-

ity according to the subjective measurements may result from complications of therapy at high doses of L-dopa.
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Abbreviations: AHI – apnea hypopnea index, EEG – electroen-

cephalography, EMG – electromyography, H&Y – Hoehn and

Yahr, L-dopad – L-dopa dose, L-dopao – summarized doses of the

dopaminergic agents other than L-dopa, MMSE – mini mental state

examination, N1 – nonREM sleep stage 1, N2 – nonREM sleep

stage 2, N3 – nonREM sleep stage 3, NREM – nonREM sleep, PD

– Parkinson’s disease, PDSS – Parkinson’s disease sleep scale,

PLM – periodic limb movements, R%, N1%, N2%, N3% – ratios

of time spent in particular sleep stages to TST, RBD – REM sleep

behavior disorder, REM – rapid eye movement sleep, SD – stan-

dard deviation, SE – sleep efficiency, SOL – sleep onset latency,

TIB – time in bed (the recording period for the polysomnography),

TST – total sleep time, UPDRS – unified Parkinson’s disease rating

scale, WASO – wake after sleep onset
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Introduction

Sleep disorders may be present in up to 98% of pa-

tients with Parkinson’s disease (PD) [11]. Numerous

conditions, such as nocturnal awakenings, insomnia,

nocturia, nighttime cramps, restless legs syndrome

[17], dystonia, tremor, pain, akinesia, difficulty turn-

ing in bed, vivid dreaming and REM sleep behavior

disorder (RBD) [25], decrease sleep quality in PD pa-

tients. Polysomnographic studies of PD patients re-

veal that 81% of patients have quantified sleep disor-

ders, with 52.3% of patients showing sleep fragmen-

tation and one-third of patients showing periodic limb

movements (PLM) during sleep. Typically, sleep effi-

ciency (SE) is reduced and REM and slow wave sleep

may be decreased [27].

Mechanisms underlying these sleep disorders in-

clude the nocturnal recurrence of motor symptoms [3]

and neurodegeneration of the hypothalamic and brain

stem areas that are involved in sleep and wakefulness

[6, 38]. In many cases, neurodegeneration also affects

the pontine tegmental area, which may cause RBD,

and medulla, which has been linked to PLM [10]. The

administration of exogenous L-dopa is another factor

that could influence sleep quality in PD patients.

When administered to healthy humans or rodents,

L-dopa promotes and consolidates sleep at lower

doses but disrupts sleep and increases wakefulness at

higher doses [24]. However, in PD patients, L-dopa-

mediated effects on sleep may be more complex be-

cause of the alleviating influence of L-dopa on motor

symptoms. This complexity is reflected by discrepan-

cies in the results of the studies assessing the influ-

ence of antiparkinsonian therapy on sleep: while

many of them reported improvement of sleep continu-

ity and architecture [3–5, 32] other reported a detri-

mental [11, 13, 22, 24] or no effect [12]. The methodi-

cal differences in the assessment of sleep quality may

in part account for this. The sleep can be measured

objectively with polysomnography, actigraphy or with

other tools and subjectively, with questionnaires. An-

other cause for discrepancies cited above, is the

evaluation of sleep changes after short term admini-

stration of L-dopa in some studies [5], which has

a limited value in case of parkinsonian patients. Fi-

nally, the most important limitation in evaluating the

influence of antiparkinsonian therapy for sleep is the

analyzing of the dopaminergic medication as a whole

(via L-dopa equivalency). Distinction between par-

ticular, currently available dopaminergic agents [12,

29, 37] is of particular importance because some of

these agents, e.g., ropinirole or rotigotine, have been

proven to have beneficial effects on sleep [8, 32]

while others, e.g., amantadine or selegiline, may de-

crease sleep quality [13, 22].

In this study, we aimed to investigate the effect of

L-dopa – the most used antiparkinsonian therapeutic

on sleep quality – separately from the effect of other

antiparkinsonian therapies. Further, we limited our in-

vestigation to L-dopa applied chronically, as it is

mostly used in PD patients. Finally, subjective and

objective measurements of sleep were done in order

to assess the complexity of the L-dopa effect men-

tioned above.

Materials and Methods

This study was conducted in the Department of Clini-

cal Neurophysiology at the Institute of Psychiatry and

Neurology (Warszawa, Poland) from January 2008 to

August 2011. All subjects gave their written informed

consent. The experimental design was approved by

the local ethics committee.

PD group

Twenty-seven patients (mean age 62.7 ± 8.4 years,

mean disease duration 7.3 ± 5.9 years, 11 females)

who fulfilled the U.K. Parkinson’s disease brain bank

criteria for idiopathic PD [20] were recruited for this

study from the neurological outpatient clinic of the In-

stitute of Psychiatry and Neurology and from the

Voivodeship Bródno Hospital (Warszawa). Hoehn

and Yahr (H&Y) disease stages ranged from 1 to 4

(mean 2.1 ± 0.7). Mini mental state examination

(MMSE) scores were 24 or greater. No patient had

undergone deep-brain-electrode implantation or any

other surgical therapy for PD. The antiparkinsonian

medication remained unchanged for all patients dur-

ing the month preceding this study. The L-dopa dose

(L-dopad) was defined as the summarized amount of

L-dopa taken daily in the immediate release form and

75% of the summarized amount of L-dopa taken daily

in the controlled release form [31]. The doses of the

dopaminergic agents other than L-dopa (L-dopao)

were converted into L-dopa equivalents and then

summarized and included in the statistical analyses as
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potential confounding factors. As suggested by

Tomlinson et al., the conversion factor was ×20 for

ropinirole (which means that 5 mg of ropinirole is

equivalent to 100 mg of L-dopa), ×1 for piribedil, ×1

for amantadine, ×10 for selegiline and ×100 for

rasagiline [31].

Healthy controls

We included polysomnographic recordings of age-

and gender-matched healthy volunteers (n = 24, mean

age 62.3 ± 9.0 years, 9 women) without significant

neuropsychiatric or other disorders, selected from our

archive. This was done in order to control if the sleep

profile of our PD group is representative to the whole

PD population i.e., if it differs from healthy controls

in the same way as in the previous reports [9, 21, 27,

35, 37].

Clinical assessment

All PD patients were examined using the unified

Parkinson disease rating scale (UPDRS), which is

a standard PD questionnaire [14]. Part III of the

UPDRS was rated in “ON” stage. Subjective sleep as-

sessments included the Parkinson disease sleep scale

(PDSS), which is a 15-item questionnaire used to as-

sess the general quality of sleep, common sleep disor-

ders (e.g., difficulty in falling asleep or nocturnal

awakenings) and the nocturnal problems specific to

PD patients (e.g., early morning dystonia or vivid

dreaming). Each item is quantified on a visual scale

that ranges from 0, which corresponds to a severe

sleep problem, to 10 points, which corresponds to no

issue with that particular item. Thus, the total score

ranges from 0 to 150 points [7].

Nocturnal polysomnography

Six PD patients underwent unattended ambulatory

polysomnography. The other patients and all control

subjects underwent polysomnography at the Depart-

ment of Clinical Neurophysiology of the Institute of

Psychiatry and Neurology. All analyzed nocturnal re-

cordings were preceded by an adaptation night. The

recording period (time in bed, TIB) was approxi-

mately 8 h. The polysomnography included two chan-

nel electroencephalograms (C3-A1, C4-A1, according

to the international 10/20 system), two channel elec-

trooculograms and mentalis-EMGs. The PD group

was also monitored using two additional EEG chan-

nels (O1-A1, O2-A1, according to the international

10/20 system). The respiration of PD group was

monitored using nasal prongs, inductance bands or

piezoinductive bands placed around the thorax and

abdomen and with a finger oximeter. Leg movements

of PD patients were monitored using tibialis anterior

EMGs, which were recorded using surface electrodes.

The peripheral signals of healthy controls were not re-

corded during the diagnostic night.

The sleep stages were scored using Rechtschaffen-

Kales criteria (due to the historical nature of the

healthy control group) with stages NREM3 and

NREM4 merged into N3 and other stages named

according to current guidelines [28]. Arousals, respi-

ratory events and leg movements were scored visually

according to other widely used criteria [1, 2, 39]. Re-

cordings of healthy controls were performed using

a Medelec model 1A98 (Medelec, Surrey, UK), and

an Aura® and Comet® (Grass-Telefactor, Chicago

IL, USA) were used for PD patients.

The following polysomnographic parameters were

used as objective measurements of sleep quality:

• Total sleep time (TST) – time during TIB spent

asleep;

• Sleep efficiency (SE) – the ratio of time spent asleep

to TIB;

• Sleep onset latency (SOL) – time from lights out to

the first epoch of the N2 sleep stage;

• REM latency – time from the first epoch of the N2

sleep stage to the first epoch of REM sleep;

• Wake after sleep onset (WASO) – time spent awake

after the first N2 epoch during TIB;

• R%, N1%, N2%, N3% – ratios of time spent in par-

ticular sleep stages to TST;

• Awakenings – number of awakenings (transitions to

wake which lasts one epoch or longer) per hour of TIB;

• Arousal index – number of arousals per hour of TIB;

• Periodic limb movements index (PLMI) – number of

PLM per hour of TIB;

•  AHI – apnea hypopnea index.

Statistical analysis

Polysomnographic parameters of PD patients and

controls were compared using Mann-Whitney U-tests.

Parameters of dopaminergic therapy, which were

L-dopad, L-dopao and part IV of the UPDRS (compli-

cations of therapy), as well as the age and the summa-

rized score of parts I to III of the UPDRS were corre-
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lated with parameters of sleep quality. These sleep

quality parameters included the polysomnographic

parameters mentioned above, the PDSS total score,

and the individual items of the PDSS. Correlations

were revealed using Spearman’s rank correlation.

When more than one parameter correlated with the

same parameter of sleep quality, a multiple linear

regression was performed to test the independence of

the correlations. All values are expressed as the mean

± SD. The significance level was set to p < 0.05. For

statistical analysis, the StatSoft, Inc. (2008) STA-

TISTICA (data analysis software system), version 8.0.

www.statsoft.com. was used.

Results

Demographics and pharmacological

characteristics

The demographic and clinical data are summarized in

Table 1. Twenty-four patients were receiving L-dopa

treatment, of whom 14 received no other pharmaco-

therapy for PD. Nine patients were treated with dopa-

mine receptor agonists (eight ropinirole, one piribe-

dil). Eight of these patients received the agonist as an

adjuvant to L-dopa, and one received ropinirole as his

sole antiparkinsonian therapeutic. Four patients were

being treated with amantadine; one, selegiline; one,

rasagiline; and two, biperiden. One patient (woman,

70 year of age) was naive to antiparkinsonian therapy.

The mean L-dopa equivalent dose was 812.6 ± 532.2 mg,

and the maximum dose was 2150 mg, with L-dopad

accounting for 717.2 ± 517.9 mg (88%) and L-dopao

for 95.4 ± 136.0 mg (12%). The dopamine receptor

agonists accounted for 50.9 mg (6%), MAO-inhi-

bitors accounted for 7.4 mg (1%), and amantadine ac-

counted for 29.6 mg (4%). Other drugs acting on the

central nervous system included antidepressants at

mood modifying doses (citalopram, doxepine together

with paroxetine and sertraline) in three patients and as

a sleep-promoting therapy (mianserin) in three pa-

tients. Another patient received escitalopram in the

morning and mirtazapine at night. Two patients re-

ceived hypnotics (tetrazepam and lorazepam). Details

of the pharmacotherapy are shown in Table 1.

Differences in polysomnographic parameters

PD patients showed more nocturnal awakenings than

controls. The TST and SE were decreased, and the

WASO, SOL and REM latency were longer than in

control subjects. In three patients, the AHI was

greater than 10 and in further two greater than five.

The highest AHI was 17. Details of the polysom-

nography results are summarized in Table 2.

Correlations of clinical and pharmacological

data with polysomnographic parameters and

PDSS scores

The summarized score of parts I-III of the UPDRS

correlated negatively with REM episodes, SE, and

TST and correlated positively with WASO. The age of

the patients correlated positively with PLMI. L-dopad

and UPDRS IV correlated negatively with PDSS total

score and with its items 1, 3 and 12. In addition,

L-dopad correlated with PDSS items 10, 11 and (posi-

tively) 13 and UPDRS IV correlated negatively with

items 2 and 4. L-dopao correlated negatively with

PDSS items 7 and 12. Details of the correlation data

are summarized in Table 3 and in Figures 1 and 2.

Post hoc analyses of the correlations of parts I, II

and III of the UPDRS with polysomnography re-

vealed an association of part I (mentation, behavior

and mood) with the number of REM episodes (R =

–0.42; p = 0.03) and part II (activities of daily living)

with the number of REM episodes (R = –0.45; p =

0.02), TST (R = –0.45; p = 0.02) and SE (R = –0.43;

p = 0.03). Part III correlated with PLMI (R = 0.57; p =

0.00) only.

Discussion

According to authors’ knowledge, this is the first

study to investigate the influence of chronically ad-

ministered L-dopa on sleep in PD using both poly-

somnography and questionnaires. Our main finding is

that higher L-dopa doses are associated with lower

sleep quality according to subjective measurements

but not according to objective measurements. The re-

sults also demonstrate that objective measurements

correlate with the severity of PD symptoms.
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Tab. 1. Demographic and clinical data of the patients studied

No. Gender Age Disease
duration

(yr)

H&Y UPDRS
I-III

UPDRS
IV

PDSS L-dopad L-dopao Dopamine
agonists

(mg)

Other drugs
(mg)

Dominant
symptom

1 m 49 2 1.5 13.0 0.0 131 0.0 0.0 – Bip. 150 Tremor

2 m 72 22 3.0 51.5 9.0 87 850.0 300.0 – Am. 300 Rigidity

3 m 62 6 2.0 23.5 2.0 85 664.3 45.0 Rop. 2.25 Tremor

4 m 54 4 2.0 6.5 3.0 120 400.0 420.0 Rop. 6 Am. 200 Sel. 10 Rigidity

5 f 50 14 2.5 22.5 9.0 65 825.0 0.0 – Dox. 30, Parox. 10 Rigidity

6 m 62 7 1.5 18.0 6.0 84 1050.0 0.0 – – Tremor

7 m 67 2 1.5 20.0 1.0 115 200.0 0.0 – – Tremor

8 f 63 5 2.0 11.5 6.0 92 1200.0 0.0 – Mi. 20 Tremor

9 m 75 3 1.5 26.0 1.0 102 300.0 0.0 – – Tremor

10 m 53 1 1.5 24.0 0.0 98 450.0 0.0 – Cit. 20 Rigidity

11 f 64 11 2.0 28.0 5.0 88 550.0 500.0 Rop. 20 – Rigidity

12 f 58 16 3.0 34.0 12.0 111 1100.0 0.0 – Lor. 1 Tremor

13 f 70 2 1.5 19.0 2.0 86 0.0 0.0 – – Tremor

14 m 73 22 3.0 39.0 6.0 60 1200.0 100.0 – Ras. 1, Bip. 150 Tremor

15 m 57 7 1.5 23.5 8.0 103 800.0 180.0 Rop. 9 Sert. 50 Rigidity

16 f 74 11 2.0 41.0 0.0 109 675.0 0.0 – – Tremor

17 f 46 5 1.0 17.5 10.0 43 1100.0 200.0 Rop. 10 – Mixed

18 m 57 8 2.0 30.0 10.0 70 925.0 80.0 Rop. 4 – Tremor

19 m 73 5 2.5 37.0 6.0 95 450.0 200.0 – Am. 200 Rigidity

20 m 54 4 2.5 40.0 0.0 112 300.0 0.0 – – Rigidity

21 m 71 4 2.0 24.0 1.0 121 0.0 180.0 Rop. 9 – Mixed

22 m 61 10 2.5 25.0 8.0 72 1000.0 150.0 Pir. 15 – Rigidity

23 f 75 13 2.0 16.0 11.0 92 600.0 100.0 – Am 100 Tremor

24 f 66 6 3.0 29.0 4.0 92 1800.0 120.0 Rop. 6 Mi 20 Rigidity

25 m 62 3 2.0 25.0 2.0 130 225.0 0.0 – – Rigidity

26 f 62 1 1.5 21.0 2.0 86 550.0 0.0 – Esc. 10, Mi 15 Rigidity

27 f 64 3 4.0 33.5 6.0 112 2150.0 0.0 – Mir. 30, Tet. 50 Rigidity

Mean 11f, 16m 62.7 7.3 2.1 25.9 4.8 94.9 717.2 95.4

SD 8.4 5.9 0.7 10.1 3.8 21.4 517.9 136.0

f � female, m � male, H&Y � Hoehn and Yahr, UPDRS � unified Parkinson�s disease rating scale, PDSS � Parkinson�s disease sleep scale,
L-dopad � total dose of L-dopa, L-dopao � total dose of dopaminergic agents other than L-dopa, Rop � ropinirole, Am � amantadine, Parox �
paroxetine, Sert � sertraline, Mi � mianserin, Mir � mirtazapine, Cit � citalopram, Esc � escitalopram, Dox � doxepine, Sel � selegiline, Ras �
rasagiline, Pir � piribedil, Bip � biperiden, Lor � lorazepam, Tet � tetrazepam, SD � standard deviation



Pharmacological characteristics

The patients studied here were treated mainly with

L-dopa, and a relatively low proportion of the patients

were treated with dopamine receptor agonists and

other dopaminergic agents. Comparable studies per-

formed recently in western countries reported agonist

usage in 67% [16] or even greater than 70% [29] of

patients, or accounting for 38% of the entire L-dopa

equivalent [33]. Our results indicate that low doses of

these agents had a limited impact on sleep parameters

because L-dopao correlated with only two items of

PDSS without influencing the total score or polysom-

nographic parameters.

In our group, doses of other medications with sig-

nificant effect on the nervous system were lower than

[12] or comparable with previous data [16]. In par-

ticular, antidepressants were taken by seven patients.

Two of the patients took agents considered to promote

alertness and thus that potentially disrupt the sleep

pattern (citalopram, sertraline). Another two patients

took a combination of alertness-promoting and sedat-

ing agents (doxepine with paroxetine, escitalopram

with mirtazapine). The remaining three patients took

mianserin at a sleep-promoting dose. Given this di-

versity of substances in this relatively small number

of patients, we assume that antidepressants did not in-

fluence parameters of sleep quality significantly and

therefore did not significantly bias the results of the

analysis of the parameters of dopaminergic therapy.

Differences in polysomnographic parameters

between the PD group and controls

Polysomnography showed changes typical of PD. The

reduced SE and TST and increased WASO and noc-

turnal awakenings have been well documented in the

past [27, 35, 37]. We did not observe an increase in

light sleep, a decrease in REM sleep or a decrease in

slow wave sleep as did some previous authors [21,

37] but these changes were not observed in many

other studies as well [9, 35]. The prolonged REM la-

tency that we observed has also been reported by

Yong et al. [37].

Lack of influence of L-dopa on polysomnography

Parameters of dopaminergic therapy (L-dopad, L-dopao

and UPDRS IV) did not correlate with objectively

measured sleep patterns. Our data are, to some extent,

unique because other studies have investigated changes

in sleep patterns after the acute administration of

L-dopa or after chronic medication with a variety of

dopaminergic agents taken together. In patients re-

ceiving an acute administration of L-dopa, no changes

[30, 34] or an improvement in polysomnographic pa-

rameters were observed [3, 4]. This improvement re-

sulted mainly from an abolition of motor symptoms.

Considering the progressive nature of the disease, this

effect does not last long and is thus not in conflict

with our results, which concern chronic therapy. After

chronic medication with a variety of dopaminergic

agents used together, no correlation between slow

wave sleep and L-dopa equivalent was found in the

patients [12]. In addition, Yong et al. and Stavitsky

and Cronin-Golomb found that a reduction in TST

was related to a higher L-dopa equivalent [29, 37].

This finding may result from substances included in

the equivalent, such as selegiline, amantadine or per-

golide, which have been documented to disrupt sleep

[11, 13, 22]. Our data, which are based on L-dopad

and which were collected in a population treated with

low doses of L-dopao, enable us to conclude that

chronic L-dopa does not affect sleep quality accord-

ing to objective – polysomnographic measurements.
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Tab. 2. Polysomnographic data of PD patients and controls

PD group Controls p

TST (min) 295.4 ± 85.5 429.8 ± 42.2 0.01

WASO (min) 144.1 ± 68.0 26.2 ± 23.1 0.01

REM episodes 2.6 ± 1.5 3.9 ± 1.0 0.01

SOL (min) 41.6 ± 36.8 20.1 ± 26.1 0.02

R lat. (min) 170.0 ± 92.7 72.8 ± 23.1 0.01

SE (%) 61.7 ± 17.7 89.7 ± 8.8 0.01

N1% 18.1 ± 9.2 15.2 ± 6.2 0.41

N2% 58.4 ± 13.8 59.6 ± 8.6 0.41

N3% 6.8 ± 8.1 8.0 ± 7.3 0.32

REM% 16.7 ± 10.1 17.2 ± 4.5 0.75

Awakenings 15.2 ± 6.7 7.5 ± 5.8 0.01

AHI 2.8 ± 5.0

PLMI 20.7 ± 64.7

TST � total sleep time, WASO � wake after sleep onset, SOL � sleep
onset latency, R lat. � REM latency, SE � sleep efficiency, N1% N2%
N3% R% � ratio of time in particular sleep stage to TST, AHI � apnea
hypopnea index, PLMI � periodic limb movements index. Siginificant
p values are in bold
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Tab. 3a. Correlations of dopaminergic therapy and clincal data with polysomnographic parameters

UPDRS I-III Age UPDRS IV L-dopad L-dopao

REM episodes –0.42; p = 0.03 –0.20; p = 0.32 –0.06; p = 0.77 0.02; p = 0.94 –0.17; p = 0.39

Awakenings 0.03; p = 0.88 0.05; p = 0.81 0.30; p = 0.13 0.13; p = 0.51 0.37; p = 0.06

TST –0.50; p = 0.01 –0.29; p = 0.14 0.07; p = 0.72 –0.07; p = 0.71 –0.08; p = 0.71

WASO 0.43; p = 0.03 0.31; p = 0.12 –0.10; p = 0.63 0.07; p = 0.73 0.10; p = 0.64

SE –0.49; p = 0.01 –0.31; p = 0.12 0.09; p = 0.64 –0.00; p = 0.97 –0.10; p = 0.62

SOL 0.19; p = 0.34 0.10; p = 0.61 –0.19; p = 0.34 –0.34; p = 0.08 0.10; p = 0.60

REM Latency 0.08; p = 0.72 0.19; p = 0.39 0.08; p = 0.73 0.05; p = 0.82 0.12; p = 0.59

N1% 0.03; p = 0.87 0.25; p = 0.21 –0.05; p = 0.82 0.08; p = 0.69 0.19; p = 0.33

N2% 0.03; p = 0.86 0.04; p = 0.84 –0.06; p = 0.76 –0.05; p = 0.81 0.11; p = 0.57

N3% –0.17; p = 0.41 –0.02; p = 0.91 –0.05; p = 0.82 –0.17; p = 0.40 –0.16; p = 0.41

R% –0.03; p = 0.90 –0.18; p = 0.37 0.19; p = 0.34 0.22; p = 0.26 –0.11; p = 0.59

Arousal index 0.07; p = 0.72 0.28; p = 0.150. 0.20; p = 0.32 –0.07; p = 0.73 0.32; p = 0.10

PLMI 0.34; p = 0.08 41; p = 0.03 –0.05; p = 0.81 –0.02; p = 0.92 0.01; p = 0.97

Tab. 3b. Correlations of dopaminergic therapy and clincal data with subjective sleep quality

UPDRS I–III Age at inclusion UPDRS IV L-dopad L-dopao

PDSS total 0.07; p = 0.74 –0.01; p = 0.94 –0.53; p = 0.00 –0.45; p = 0.02 –0.32; p = 0.10

Item 1 0.07; p = 0.73 0.06; p = 0.75 –0.56; p = 0.00 –0.55; p = 0.00 –0.03; p = 0.88

Item 2 –0.10; p = 0.60 0.28; p = 0.16 –0.50; p = 0.01 –0.32; p = 0.11 0.08; p = 0.70

Item 3 –0.06; p = 0.77 0.05; p = 0.80 –0.42; p = 0.03 –0.45; p = 0.02 0.13; p = 0.53

Item 4 0.18; p = 0.37 0.05; p = 0.80 –0.45; p = 0.02 –0.28; p = 0.15 –0.30; p = 0.13

Item 5 0.07; p = 0.75 0.34; p = 0.08 –0.20; p = 0.31 –0.18; p = 0.37 –0.15; p = 0.45

Item 6 –0.01; p = 0.94 –0.09; p = 0.65 –0.37; p = 0.06 –0.15; p = 0.46 –0.04; p = 0.83

Item 7 0.02; p = 0.92 0.05; p = 0.80 –0.31; p = 0.11 –0.17; p = 0.38 –0.38; p = 0.049

Item 8 –0.52; p = 0.01 –0.36; p = 0.06 –0.05; p = 0.81 –0.09; p = 0.65 –0.21; p = 0.30

Item 9 –0.26; p = 0.18 –0.26; p = 0.19 –0.16; p = 0.41 –0.09; p = 0.67 –0.04; p = 0.84

Item 10 –0.09; p = 0.65 0.13; p = 0.53 –0.32; p = 0.10 –0.39; p = 0.04 –0.37; p = 0.06

Item 11 0.15; p = 0.46 0.06; p = 0.78 –0.37; p = 0.05 –0.68; p = 0.00 –0.10; p = 0.63

Item 12 0.02; p = 0.92 –0.02; p = 0.90 –0.44; p = 0.02 –0.44; p = 0.02 –0.44; p = 0.02

Item 13 0.15; p = 0.46 –0.20; p = 0.31 0.36 p = 0.07 0.49; p = 0.01 0.33; p = 0.10

Item 14 –0.15; p = 0.45 –0.30; p = 0.13 –0.23; p = 0.24 –0.17; p = 0.40 –0.07; p = 0.70

Item 15 0.15; p = 0.44 –0.03; p = 0.86 –0.03; p = 0.86 0.10; p = 0.63 –0.37; p = 0.06

N = 27, UPDRS � Unified Parkinson�s Disease Rating Scale, PDSS � Parkinson�s Disease Sleep Scale, L�dopad � total dose of L�dopa, L�do-
pao � total dose of dopaminergic agents other than L�dopa, TST � total sleep time, WASO � wake after sleep onset, SOL � sleep onset latency,
SE � sleep efficiency, N1%, N2%, N3%, R% � ratios of time spent in particular sleep stage to TST, PLMI � periodic limb movements index. Sig-
nificant correlations are embedded in bold frames and independent correlations are in grey fields



Influence of L-dopa on PDSS

L-dopad and part IV of the UPDRS correlated with

total PDSS score. A similar negative correlation be-

tween L-dopa dose and a subjective measurement of

sleep rating was observed by Verbaan et al. [33].

Nausieda et al. observed an association of the dura-

tion of L-dopa therapy with sleep complaints [26],

and Gomez-Esteban et al. observed an association of

UPDRS IV with PDSS [16]. In our patients, the L-

dopa dose also correlated negatively with PDSS items

that concerned overall subjective sleep quality, sleep

maintenance, numbness and tingling at night, muscle

cramps and painful dystonia. Part IV of the UPDRS

showed a similar correlation with respect to total

score, overall sleep quality, maintenance and dysto-

nia. Part IV of the UPDRS correlated independently

of L-dopad in the first two of these items. These simi-

larities suggest that complications of therapy, which

are described in part IV of the UPDRS, contribute

substantially to the negative influence of L-dopa on

subjectively rated sleep. These side effects, such as

dyskinesias, early morning dystonia or sudden onset of

the “off” periods, are not registered by sleep polygraphy

or actigraphy but are likely to make the patient complain

of poor sleep. Items 10 and 11, which refer to nocturnal

pain correlated with L-dopad but did not reach a signifi-

cant correlation with part IV of the UPDRS. Their rela-

tion with L-dopad may however also result from com-

plications of therapy because an association between

pain and prevalence of “off” periods has been well

documented [18, 36]. As reported by Goetz et al., 75%

of PD patients experience pain at night, which is a com-

monly reported cause of awakening [15].

Item 13 – “On waking do you experience tremor?”

was the only one that correlated with L-dopad posi-

tively (i.e., tremor is lower at higher L-dopad dose).

This finding does not conflict with the rest of our re-

sults because this item does not refer directly to the

quality of nocturnal sleep.

Correlation of polysomnography with UPDRS

A reduction in SE and TST and an increase in WASO

correlated with parts I–III of UPDRS summarized

scores. These results are consistent with the recently

reported association of total UPDRS score with TST

(measured using wrist actigraphy) [29]. There have

also been two studies that examined correlations be-

tween UPDRS and polysomnographic parameters.

However, in the first study, AHI, minimal oxygen

saturation and arousals only were analyzed (and cor-

related significantly) [23]. The second study showed

no correlation but only part III of the UPDRS (motor

examination) was scored [34]. These data correspond

with our post-hoc analyses, which revealed a correla-

tion of part I of the UPDRS (mentation, behavior and

mood) with the number of REM episodes; a correla-

tion of part II of the UPDRS (activities of daily living)

with the number of REM episodes, total sleep time

and sleep efficiency; and a correlation of part III of

the UPDRS with PLMI only (this parameter was not

investigated in the study cited above [34]). Thus, our

study confirms an association of objectively measured

sleep quality with the severity of PD symptoms and,

in particular, suggests that those symptoms investi-

gated in part II of the UPDRS (e.g., pain) and to lesser

extent those in part I (e.g., depressive mood) contrib-

ute to the objectively measured sleep disturbances.
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Fig. 1. Correlation between L-dopad and PDSS total

Fig. 2. Correlation between UPDRS IV and PDSS total



UPDRS did not correlate with total PDSS score or

with individual PDSS items (except item 8, which re-

fers to nocturia), which is in contrast to the results of

Gomez-Esteban et al. [16], who reported a weak cor-

relation with the motor part of the UPDRS. However,

this difference may result from the smaller group size

used in our study (70 patients were analyzed by

Gomez-Esteban et al. [16]). The lack of relation of

UPDRS with PDSS indicates that the correlation of

the latter with parameters of dopaminergic therapy

was not biased by disease severity.

Significance

Our results indicate that in cases of complaints of disor-

dered sleep, a change in medication toward a decrease in

L-dopa and an increase in dose of dopaminergic agonists

should be considered. Ropinirole in controlled-release form

or transdermally administered rotigotine are the agents of

choice because evidence has shown their beneficial effects

[8, 32]. The lower incidence of complications of therapy

following agonists when compared with L-dopa may in

part be responsible for this effect. Another important factor

is the usually much longer half life period of agonists than

of L-dopa preparates, which provides more continuous de-

livery of dopaminergic stimulation. This is of significance

particularly during night time when frequent drug intake is

difficult to maintain. It is however to note, that the agonists

are not homogenous regarding the effect on sleep. A detri-

mental influence on sleep has been reported for example in

case of pergolide [11].

Complaining of severe sleep disturbances may also

be one of the indications for deep brain surgery be-

cause this procedure enables a significant reduction in

dose of L-dopa and has a documented beneficial ef-

fect upon sleep [19].

Conclusions

Our data suggest that there is no relationship between

the amount of chronically administered L-dopa and

objective measurements of sleep parameters, which

are, however, correlated to the severity of the main

PD symptoms. The higher doses of chronically admin-

istered L-dopa appear to worsen the subjective sleep

quality and the main cause of this effect appears to be

complications of dopaminergic therapy (summarized in

part IV of the UPDRS). In cases of complaints of poor

sleep, a change towards a higher proportion of some

dopamine agonists in the total L-dopa equivalent and

a reduction in L-dopa may be considered.
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