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Abstract: Sleep disorders are common in Parkinson’s disease
(PD) and have profound negative influences on quality of
life. Sleep structure in healthy participants can be changed by
repetitive transcranial magnetic stimulation (rTMS), but this
has never been studied systematically in PD. Therefore, we
characterized sleep in PD patients and examined effects of
rTMS using a combination of actigraphy and a pressure sen-
sitive pad. Thirteen PD patients received 5 Hz rTMS over
the motor or parietal cortex. Actigraphic sleep estimates were
obtained before, during and after rTMS, as well as compared
with 8 healthy, age-matched controls. Motor symptoms and
mood were evaluated before and after rTMS. Mixed-model
regression analyses indicated that PD patients slept shorter

(350 6 17 vs. 419 6 24 min., P 5 0.02), more fragmented
(fragmentation index 41 6 4 vs. 22 6 2, P 5 0.0004) and
had a lower sleep efficiency (77 6 2 vs. 86 6 2%, P 5
0.002) and longer nocturnal awakenings (3.4 6 0.2 vs. 2.3 6
0.2 min., P 5 0.003) than healthy controls. rTMS over the
parietal, but not over the motor cortex improved sleep frag-
mentation (P 5 0.0002) and sleep efficiency (P 5 0.0002)
and reduced the average duration of nocturnal awakenings
(P 5 0.02). No change of motor symptoms or mood was
observed. Disturbed sleep in PD patients may partly be
reversed by parietal rTMS, without affecting motor symp-
toms or mood. � 2009 Movement Disorder Society
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Sleep problems occur in nearly two thirds of Parkin-

son’s disease (PD) patients1 and are among the nonmo-

tor symptoms of PD that most severely affect quality

of life.2,3 They most commonly involve reduced total

sleep time, reduced sleep efficiency and increased

sleep fragmentation.4 The pathophysiology of sleep

disorders in PD patients has not been fully elucidated.

A primary factor is degeneration of central sleep regu-

lation centres in the brainstem.5 Sleep disorders in PD

may also be secondary to dopaminergic medication,

nocturnal akinesia and nonmotor symptoms such as

depression and restless legs syndrome.6 Recent evi-

dence suggests that also dopaminergic dysfunction in

the hypothalamus, whether disease or medication-

related, contributes to sleep disorders in PD.7 Transcra-

nial magnetic stimulation (TMS), a tool for noninva-

sive magnetic stimulation of the cerebral cortex,8 is

used as an experimental nonpharmacological therapy in

PD with variable effects on motor symptoms in PD

patients.9 In healthy participants, rTMS can affect

sleep structure both when applied during sleep and

prior to sleep.10–13 In spite of the high prevalence of

sleep disorders in PD patients, the effect of rTMS on

sleep in PD patients has not previously been studied

objectively. Firstly, we obtained actigraphic sleep esti-

mates in PD patients and healthy, age-matched controls

to characterize sleep in PD. Secondly, PD patients

were treated with rTMS applied over two different

cortical regions: the cortical motor system and the pari-

etal association cortex. We hypothesized that rTMS

applied over the motor cortex would improve motor

symptoms—using stimulation parameters known to be

effective from previous studies14—and that stimulation
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over the parietal cortex would influence sleep, because

this area is associated with changes in metabolism dur-

ing non-REM sleep.15

METHODS

Participants

Data of 13 PD patients and 8 healthy, age-matched

controls were obtained and analyzed. Table 1 shows

the baseline characteristics of PD patients and healthy

controls. Patients were recruited from the outpatient

clinic for movement disorders at the VU University

Medical Center in Amsterdam. All patients were diag-

nosed with idiopathic Parkinson’s disease, fulfilled the

UK Parkinson’s Disease Brain Bank criteria,16 and

were stably established on antiparkinsonian medication

(levodopa, dopamine agonists, MAO-B inhibitors or

amantadine). Exclusion criteria for PD patients were a

history of other neurological disorders than PD, espe-

cially epilepsy, and a pacemaker, neurostimulator or

other implanted devices. Thirteen patients were

included in the study, with two patients having two

measurements separated by 2 and 12 months, respec-

tively. The healthy controls were participants of a

larger study on sleep using actigraphy. Exclusion crite-

ria for controls were a history of neurological, psychi-

atric or sleep disorders, and cognitive deficits [Mini-

mental state examination (MMSE) lower than 28].

Patients were screened for disease stage (Hoehn and

Yahr),17 motor function (motor part of Unified Parkin-

son’s Disease Rating Scale (UPDRS-III)), cognition

(MMSE and Cambridge cognitive examination

(CAMCOG)) and mood [Beck Depression Inventory-II

(BDI)].18 L-dopa equivalent unit (LEU), a summary

measure for dopaminergic medication, was calculated

as follows (similar to previous reports19): 100 mg

standard levodopa 5 133 mg of controlled release lev-

odopa 5 1 mg of pramipexol 5 6 mg of ropinorol 5
1 mg of pergolide. One UPDRS-III, Hoehn and Yahr

stage, MMSE, CAMCOG and BDI were missing. At

baseline assessment, there were no significant differen-

ces between the PD patients and controls, or between

the parietal and motor cortex groups in mean values of

any of these scales, as determined using an unpaired

student’s t-test (Table 1). All participants gave written

informed consent for the study. Approval was given by

the local medical ethical committee.

Study Design and Data Collection

Patients were stimulated for 10 consecutive days

over both hemispheres on either the parietal cortex (pa-

rietal group, n 5 8) or the primary motor or premotor

cortices (motor cortical group, n 5 7). At day 1 and

day 10, the effect of rTMS on motor symptoms was

evaluated using the UPDRS-III. The effect of rTMS on

mood was evaluated by means of the BDI.18 Sleep

TABLE 1. Baseline characteristics

All data PD patients

PD
(n 5 13) Controls P

Motor
(n 5 7)

Parietal
(n 5 8) P

Age (SD) 59.2 (10.8) 61.8 (8.9) 0.58 64.7 (10.2) 56.9 (10.7) 0.17
(46–75) (50–73) (46–75) (46–75)

Sex (male/female) 10/3 4/4 4/3 7/1
Dcxterity (right/left-handed) 11/2 8/0 6/1 7/1
Duration of illness in years (SD) 8.3 (5.1) 9.1 (4.7) 9.0 (6.0) 0.96
L-dopa equivalent unit (SD) 582 (340) 599 (277) 567 (405) 0.86
UPDRS-III (SD) 18.5 (7.8) 15.7 (9.4) 19.6 (6.9) 0.40
Hoehn & Yahr (SD) 2.2 (0.4) 2.1 (0.6) 2.2 (0.3) 0.76
MMSE (SD) 28.5 (1.8) 29.4 (0.5) 0.10 28.8 (1.6) 28.5 (1.9) 0.74
CAMCOG (SD) 32.3 (2.2) 32.0 (2.3) 33.0 (2.3) 0.44
BDI (SD) 10.8 (7.5) 8.8 (6.8) 11.0 (7.8) 0.60
Fragmentation Index (SE) 41.0 (4.1) 22.3 (2.3) 0.0004 41.4 (5.3) 39.0 (5.2) 0.96
Sleep efficiency in percentage (SE) 76.8 (2.0) 86.0 (1.9) 0.002 76.8 (2.5) 77.8 (2.8) 0.30
Time in Bed in minutes (SE) 454.4 (18.1) 486.3 (21.8) 0.26 457.7 (32.1) 456.5 (17.5) 0.57
Total Sleep Time in minutes (SE) 349.6 (17.3) 418.9 (24.0) 0.02 351.4 (27.6) 353.6 (20.5) 0.90
Mean Sleep Bout Time in minutes (SE) 17.8 (3.4) 18.9 (1.9) 0.82 15.1 (1.4) 20.2 (6.1) 0.25
Mean Wake Bout Time in minutes (SE) 3.4 (0.2) 2.3 (0.2) 0.003 3.6 (0.5) 3.3 (0.2) 0.44
Wake Bouts (SE) 25.6 (2.1) 22.9 (2.4) 0.43 25.8 (2.6) 25.4 (3.2) 0.32
Sleep Latency in minutes (SE) 11.4 (1.4) 7.5 (1.7) 0.09 12.1 (3.2) 10.8 (1.8) 0.63

Two subjects returned for a second stimulation period and are included in the motor and parietal stimulation group.
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estimates were obtained for a mean duration (6SD) of

4.1 6 1.1 days before, 10 days during and 4.6 6 2.1

days after the stimulation period using actigraphy and

a pressure sensitive pad as described later (for protocol

timeline see Fig. 1). The mean duration of sleep mea-

surement of the controls (6SD) was 10.8 6 2.5 days.

rTMS Specifications

rTMS was carried out with a figure-of-eight stimu-

lating coil (double 60 mm) and a Magpro high-speed

stimulator connected to an EMG amplifier (Keypoint,

Medtronics) sampling at 5,000 Hz. We located the rep-

resentation of the contralateral first dorsal interosseus

muscle (FDI) on the motor cortex with single pulses

and EMG. Afterwards, we determined the resting

motor threshold for each hemisphere as the lowest in-

tensity of stimulation that resulted in at least five

motor evoked potentials (MEPs) of 50 lV or larger in

a series of 10 consecutive single pulse stimulations.

For rTMS, a frequency of 5 Hz was used in 10 blocks

of 50 biphasic pulses separated by a resting period of

20 seconds, at an intensity of 80% of the lowest resting

motor threshold of the two hemispheres measured on

the first day of rTMS. We stimulated with this rela-

tively low intensity to avoid any possible current

spread over the adjacent regions. Patients were ran-

domly assigned to receive stimulation on the parietal

cortex or the motor cortex (primary motor or premotor)

of both hemispheres. The location of stimulation was

defined relative to the ‘‘motor hotspot,’’ i.e., the site

where the stimulus elicited maximal muscle evoked

potentials (MEPs), corresponding to the hand area of

the motor cortex. Parietal cortex stimulation was 5 cm

posterior to, premotor cortex stimulation was 2.5 cm

anterior to, and primary motor cortex stimulation was

on this ‘‘motor hotspot.’’

Pressure Sensitive Pad

It is essential to know the exact bedtimes and lights-

off time to obtain accurate estimates of sleep measures

from actigraphy. These times are usually obtained

from a sleep log, but this method is often not suitable

in PD patients because of writing difficulties. We

therefore used a novel technique for automated bed-

times and lights-off detection.20 A pressure sensitive

pad (317-140, RS Components, UK, 17 3 60 cm2)

was placed under the cover of the patients’ bed at

shoulder height. The pad was connected to a data log-

ger (HOBO U12, Onset Computer, Pocasset, MA) that

contained a light sensor. The logger was placed next to

the bed and participants were instructed not to cover

the light sensor (LDR, NSL-4962, Silonex, Montreal,

Canada). By visually inspecting the data of pressure

and light we were able to determine the periods that

participants were in bed and lights were turned off.

Actigraphic Sleep Estimates

The actigraph, a wrist-worn activity monitor (Acti-

watch, Cambridge Neurotechnology Ltd., Cambridge,

UK) containing an accelerometer, was attached to the

least affected arm and was only removed during tests

on the first and last day of the rTMS period, and when

showering. Actigraphy allows unrestrained registration

of activity while persons remain in their natural sur-

roundings. Standard actigraphy is known as a useful

measure of sleep quality21 and has been used success-

fully before to assess sleep in PD patients.22,23 More

periods of nocturnal activity indicate a more disturbed

sleep. The algorithm necessary to calculate sleep varia-

bles (Actiwatch Activity & Sleep Analysis version

5.08, Copyright Cambridge Neurotechnology Ltd.) was

set on high-sensitivity, meaning that a total score of 20

activity ‘‘counts’’ for 1-minute epoch data is enough to

qualify the epoch as ‘‘awake.’’ Variables calculated by

the algorithm were:

1. time in bed (difference between the get up and bed

times)

2. total sleep time (amount of sleep during the time in

bed)

FIG. 1. Protocol timeline.
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3. sleep efficiency (percentage of time spent asleep

while in bed)

4. sleep latency (latency before sleep onset following

bed time)

5. mean sleep bout time (average duration of periods

of sleep)

6. mean wake bout time (average duration of periods

of intermittent wakefulness)

7. fragmentation index (1003 the number of groups of

consecutive immobile 1-minute epochs divided by

the total number of immobile epochs)24

Statistical Analysis

Unpaired student’s t-tests were used to compare

baseline characteristics. We used linear mixed-model

regression analysis (MLwiN software version 2.0,

Centre for Multilevel Modelling, University of Bristol,

UK) to compare baseline sleep estimates of PD

patients and healthy, age-matched controls, and to cal-

culate the effect of rTMS. The regression model allows

for the hierarchy of the data consisting of three nested

levels, taking into account possible within- and

between subject-effects at each of the levels: partici-

pants (Level 3), two of whom were stimulated during

two 10-day periods (Level 2) were measured for multi-

ple nights per stimulation period (Level 1). Wald tests

were applied to obtain the significance of treatment

effects with P < 0.05 regarded significant. We calcu-

lated the effects of interactions between group (motor

versus parietal cortex) and subperiod (pre versus during

rTMS). For within-group analyses we compared the

mean sleep estimates of the subperiods pre- and during

rTMS, and of the subperiods pre- and post rTMS.

RESULTS

PD Patients Versus Healthy Controls

Overall, PD patients had a more disturbed sleep than

healthy controls (Table 1). Whereas the time spent in bed

did not differ significantly between groups (P 5 0.26),

the total sleep time in PD patients was reduced compared

to healthy controls (P 5 0.02). Furthermore, in PD

patients a lower sleep efficiency (P 5 0.002) was

observed as well as a trend for the sleep latency to be lon-

ger in PD patients than in healthy controls (P 5 0.09).

The mean length of wake bouts was extended (P 5
0.003) and the mean fragmentation index was remarkably

higher in PD patients compared with controls (P 5
0.0004), indicating a highly fragmented pattern of sleep.

Effect of rTMS: Stimulation Over the

Motor and Parietal Cortex

No effect of rTMS on mood or motor symptoms

was observed. BDI (6SD) before (parietal: 11.0 6
7.8; motor: 8.8 6 6.8) and after rTMS (parietal: 10.9

6 9.4; motor: 8.2 6 6.7) as well as the UPDRS-III

before (parietal: 19.6 6 6.9; motor: 15.7 6 9.4) and

after rTMS (parietal: 19.1 6 8.2; motor: 16.4 6 8.0)

were not significantly different (BDI: P 5 0.98 for

parietal and 0.87 for motor cortex stimulation;

UPDRS-III: P 5 0.92 for parietal and 0.88 for motor

cortex stimulation).

rTMS applied over the parietal and motor cortex did

not affect the time in bed or total sleep time (Table 2).

A 2 3 2 analysis for area (parietal and motor cortex)

and time (pre and during rTMS) demonstrated a higher

sleep efficiency during parietal treatment as compared

to before (P 5 0.001). Within-area subanalyses con-

TABLE 2. Sleep estimates before, during, and after rTMS over the motor or parietal cortices

P P

Pre During Post Pre vs. during Pre vs. post

Motor stimulation
Time in Bed in minutes (SE) 457.7 (32.1) 456.8 (30.9) 456.7 (20.0) 0.90 0.66
Total Sleep Time in minutes (SE) 351.4 (27.6) 342.3 (23.5) 352.1 (24.9) 0.29 0.82
Sleep efficiency in percentage (SE) 76.8 (2.5) 75.5 (2.5) 77.3 (3.3) 0.29 0.16
Sleep Latency in minutes (SE) 12.1 (3.2) 11.6 (3.1) 12.1 (4.3) 0.81 0.83
Mean Sleep Bout Time in minutes (SE) 15.1 (1.4) 14.2 (1.4) 15.5 (2.5) 0.26 0.21
Mean Wake Bout Time in minutes (SE) 3.6 (0.5) 3.6 (0.4) 3.3 (0.4) 0.79 0.14
Fragmentation Index (SE) 41.4 (5.3) 42.8 (5.4) 42.9 (5.3) 0.46 0.64

Parietal simulation
Time in Bed in minutes (SE) 456.5 (17.5) 440.8 (25.7) 449.9 (20.0) 0.19 0.83
Total Sleep Time in minutes (SE) 353.6 (20.5) 361.1 (23.4) 367.0 (19.4) 0.26 0.19
Sleep efficiency in percentage (SE) 77.8 (2.8) 81.9 (2.2) 81.7 (2.6) 0.0002 0.006
Sleep Latency in minutes (SE) 10.8 (1.8) 9.5 (1.3) 14.5 (4.8) 0.56 0.30
Mean Sleep Bout Time in minutes (SE) 20.2 (6.1) 20.7 (5.8) 21.7 (5.9) 0.79 0.48
Mean Wake Bout Time in minutes (SE) 3.3 (0.2) 2.8 (0.2) 2.9 (0.2) 0.02 0.17
Fragmentation Index (SE) 39.0 (5.2) 31.2 (3.7) 34.4 (5.0) 0.0002 0.003
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firmed this result: as shown in Figure 2, parietal cortex

stimulation significantly increased sleep efficiency dur-

ing treatment as compared to the period pre-rTMS (P 5
0.0002). Higher sleep efficiency was maintained in the

days following the stimulation period as compared to

the period pre stimulation (P 5 0.006). The regression

analysis showed no alteration of sleep efficiency

because of stimulation over the motor cortex. Parietal

and motor cortex stimulation did neither affect sleep la-

tency, nor affect mean sleep bout time. Mean wake bout

time was significantly shorter during parietal treatment

as compared with that of pre treatment (P 5 0.02).

An interaction between group (motor versus parietal

cortex) and subperiod (pre rTMS versus during rTMS)

for the fragmentation index indicated a significantly

lower fragmentation index during parietal treatment

(P 5 0.003). Post hoc analyses strengthened this find-

ing, demonstrating a highly significant decrease of the

fragmentation index during parietal treatment (P 5
0.0002; Fig. 2). As for sleep efficiency, this improve-

ment also lasted beyond the stimulation period (P 5
0.002). We did not find an effect on sleep fragmentation

in the motor cortex group.

DISCUSSION

The effect of rTMS on motor symptoms has been

studied extensively with conflicting results,9 and unob-

trusive long-term continuous assessment may be

needed to assess the effects during everyday life.25 The

effect of rTMS on sleep in PD patients has only been

evaluated in a single study, using subjective sleep

appreciation as outcome measure. After 10 consecutive

days of 5 Hz stimulation of the primary motor cortex,

PD patients reported improvement of sleep on a self

assessment scale.26 More is known about the effects of

rTMS on sleep in healthy participants: application of

rTMS prior to sleep affects subsequent sleep. These

studies suggest that presleep rTMS, applied over vari-

ous higher-order cortical areas, enhances subsequent

sleep depth, i.e. the first nonREM period increases in

duration and shows a reduction of sleep Stage 1 and a

small enhancement of sleep Stage 4 after high-fre-

quency rTMS.10,11 Another study demonstrated that

5 Hz rTMS applied to the primary motor cortex, a

lower-order area, markedly increased slow-wave activ-

ity in subsequent sleep.12

Our study demonstrated that the characteristic sleep

disturbances in PD patients can partly be reversed by

rTMS applied bilaterally over the parietal cortex. Con-

sidering the strong correlation between depression and

sleep disorders in PD patients,1 and improvement of

mood after parietal rTMS reported previously,27 we

examined patients’ mood before and after therapy.

However, in the present study the BDI score did not

improve upon stimulation over the parietal cortex, indi-

cating that mood is not a likely confounder. Likewise,

it is unlikely that improvement of sleep was due to

improvement of motor symptoms, as UPDRS-III before

and after stimulation was comparable.

The effect of parietal cortex stimulation on fragmen-

tation and sleep efficiency was maintained for at least

a few days beyond the stimulation period. Previously,

a long lasting excitability following rTMS was

described after 1 Hz stimulation of the premotor cortex

in PD patients.28

Any explanation for the effect of stimulation over

the parietal cortex on sleep in PD patients must remain

speculative at this time. Unlike the primary motor and

premotor cortices, the parietal cortex is a higher-order

cortical area. Higher-order cortical areas show

decreases in metabolism during non-REM sleep.15 Tak-

ing into account that high-frequency TMS, such as the

5 Hz in our study, results in a reduction in cortical in-

hibition,29 one hypothesis might be that in PD patients

with a sleep disturbance, the parietal cortex is hypo-

functional. This parietal hypofunctionality may be

partly reversed by the treatment. Indeed, several recent

studies12,30 suggest a link between plastic changes and

the local regulation of sleep need. So hypothetically, it

FIG. 2. Effect of rTMS on sleep efficiency (A) and fragmentation
index (B) (*P < 0.01).
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is possible that rTMS increases the need for sleep and

herewith sleep quality.

Cortical rTMS was reported to exert remote effects

on subcortical regions like the caudate nucleus and

putamen31,32 in healthy subjects. As subcortical

regions, like the hypothalamus, are involved in sleep

regulation,7 the therapeutic effect that we found for pa-

rietal rTMS might be the result of modulation of sub-

cortical areas that regulate sleep. Future studies are

needed to clarify this point.

The hypothesis that stimulation over the motor cor-

tex would improve motor function could not be con-

firmed. This may have been caused by the fact that the

PD patients in our study were maintained on their

usual medication, an explanation supported by the

recent observation that high frequency magnetic stimu-

lation of the primary motor cortex is ineffective in

restoring intracortical inhibition in medicated, but not

in unmedicated PD patients. Furthermore, medicated

PD patients sometimes have daytime fluctuations of

their motor symptoms, depending on the time since

their medication intake. As we did not measure motor

symptoms at fixed times, changes in motor symptoms

could have gone unnoticed.

We did not have an untreated PD control group;

we used within-subject analyses, however, for the sub-

periods pre-, during, and post rTMS to evaluate treat-

ment efficacy and compared between two active con-

ditions. Although the selective effect of only one of

the active conditions strongly pleads against an unspe-

cific or placebo effect, the efficacy of parietal stimula-

tion should be confirmed in future investigations that

include sham stimulation. More work, including stim-

ulation of other lower and higher-order areas than the

motor and parietal cortex, is also needed to evaluate

whether the efficacy indeed depends on whether pri-

mary, unimodal areas or supramodal association areas

are stimulated. It would also be informative to record

MEG or high-density EEG of PD patients during

sleep, to investigate regional differences in the extent

to which the frequency distribution deviates from

those of healthy controls, and to evaluate spectral

changes induced by rTMS.

The most important conclusion is that parietal

rTMS selectively improves the sleep variables that

are most disturbed in PD patients. Furthermore, the

noninvasive sleep-, light-, and movement recording

tools proved to reliably demonstrate sleep disturban-

ces in PD patients. The effect of rTMS lasted for at

least a few days after the stimulation period and

appeared in the absence of changes in mood or motor

function.
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