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Medicine Berlin, Berlin; cVivantes-Klinikum Spandau, Berlin; and dDepartment of Neurology and Stereotactic Neurosurgery, Otto-von-GuerickeUniversity, Magdeburg, Germany.

Abstract
Objective: To determine whether physical activity may affect cognitive performance in patients with Parkinson’s disease by measuring reaction
times in patients participating in the Berlin BIG study.
Design: Randomized controlled trial, rater-blinded.
Setting: Ambulatory care.
Participants: Patients with mild to moderate Parkinson’s disease (NZ60) were randomly allocated to 3 treatment arms. Outcome was measured
at the termination of training and at follow-up 16 weeks after baseline in 58 patients (completers).
Interventions: Patients received 16 hours of individual Lee Silverman Voice Treatment-BIG training (BIG; duration of treatment, 4wk), 16 hours of
group training with Nordic Walking (WALK; duration of treatment, 8wk), or nonsupervised domestic exercise (HOME; duration of instruction, 1hr).
Main Outcome Measures: Cued reaction time (cRT) and noncued reaction time (nRT).
Results: Differences between treatment groups in improvement in reaction times from baseline to intermediate and baseline to follow-up
assessments were observed for cRT but not for nRT. Pairwise t test comparisons revealed differences in change in cRT at both measurements
between BIG and HOME groups (intermediate: 52ms; 95% confidence interval [CI], 84/ 20; PZ.002; follow-up: 55ms; CI, 105/ 6;
PZ.030) and between WALK and HOME groups (intermediate: 61ms; CI, 120/ 2; PZ.042; follow-up: 78ms; CI, 136/ 20; PZ.010).
There was no difference between BIG and WALK groups (intermediate: 9ms; CI, 49/67; PZ.742; follow-up: 23ms; CI, 27/72; PZ.361).
Conclusion: Supervised physical exercise with Lee Silverman Voice Treatment-BIG or Nordic Walking is associated with improvement in
cognitive aspects of movement preparation.
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Acute effects of exercise on alertness and other cognitive measures have been described in healthy subjects,1 and physical
training has been demonstrated to improve the long-term outcome
of cognitive performance.2 The effect of physical activity on
cognitive processing in Parkinson’s disease (PD) is receiving
growing attention,3 but clinical studies in this respect are scarce.
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Lee Silverman Voice Treatment (LSVT)-BIG is a physiotherapy for patients with PD derived from the widely established
LSVT,4 focusing on training of high-amplitude movements.5 We
have previously reported results from the Berlin BIG study6 that
compared changes in motor performance in 60 patients with mild
to moderate PD treated with LSVT-BIG, Nordic Walking, or
domestic nonsupervised exercises. Blinded video rating revealed
an improvement in Unified Parkinson’s Disease Rating Scale
motor scores in the BIG group and minor deterioration in the other
groups at 16-week follow-up.
Here, we report results of reaction time measurements in
patients with PD participating in the Berlin BIG study.
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Methods
Study design and patients
The Berlin BIG study was a rater-blinded, randomized controlled
study that has been described in detail previously.6 Sixty patients
with idiopathic PD referred from local outpatient clinics and
office-based physicians to the Zentrum für ambulante Rehabilitation, Berlin, were enrolled between June 1, 2008 and May 31,
2009. Patients were randomly allocated by drawing lots to receive
LSVT-BIG (BIG), Nordic Walking (WALK), or domestic nonsupervised exercise (HOME). Patients allocated to the BIG group
received 16 supervised 1-hour sessions (4/wk for 4wk) of a novel
high-intensity training aimed at improving movement amplitudes
in PD (see Lautenschlager et al2 for comprehensive description).
Patients assigned to the WALK group received 16 supervised
1-hour sessions of Nordic Walking (2/wk for 8wk) in groups of 4
to 6 participants. Patients assigned to the HOME group received a
1-hour instruction of domestic training with practical demonstration and training.
Inclusion criteria comprised diagnosis of PD according to
UKPD Brain Bank Criteria, Hoehn and Yahr stages I to III,
outpatient treatment, and stable medication 4 weeks before inclusion. Exclusion criteria encompassed dementia, severe
depression, disabling dyskinesias, and comorbidities affecting
mobility or ability to exercise. The local ethics committee (Ärztekammer Brandenburg) approved the study, and written informed
consent was obtained from each subject.

Assessment procedures
The primary efficacy measure was the difference in rater-blinded
Unified Parkinson’s Disease Rating Scale-III score changes between treatment groups from baseline to follow-up at 16 weeks.
Secondary outcome variables included Timed Up and Go test and
time required to walk 10 meters.
Reaction times were assessed while patients were in the
medication ON state using the Testbattery for Attentional Performance 2.2a at baseline, immediately after the termination of
active intervention (week 4 in BIG and HOME and week 8 in
WALK), and at follow-up 16 weeks after baseline. The Testbattery
for Attentional Performance subtest for alertness was applied in
which 2 tasks measure noncued reaction time (nRT) and cued
reaction time (cRT). The subtest “Alertness” has been validated in
healthy subjects and patients with different neurological disorders.7 During the measurement of nRT, participants were seated
facing a computer screen with their dominant hand placed
comfortably on a response switch. They were then required to
press the switch immediately after the appearance of a visual
stimulus (white cross on a black computer screen). For the
assessment of cRT, the imperative visual stimulus was preceded
by an acoustic warning signal. Two blocks comprising 20
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presentations of a stimulus were performed for each condition in
an ABBA sequence (starting with 2 nRT series, followed by 2
cRT series).
We calculated the difference in mean values between baseline and intermediate assessments and between baseline and
follow-up assessments for nRT and cRT, respectively. On an
exploratory basis, these differences were then compared between treatment groups using 2-factorial repeated-measures
analysis of variance (ANOVA) (3 groups  2 measurements).
If the overall comparison revealed significant effects, pairwise
ANOVA was performed. In addition, 1-way ANOVA and pairwise t tests were applied to compare changes in reaction times
from baseline to intermediate and from baseline to follow-up
between treatment groups. The alpha level was set at .05, and
outcome analyses were conducted on a per-protocol basis using
SPSS software.b

Results
Of 60 patients randomly assigned to treatments, 58 subjects
completed the study (fig 1) and were available for follow-up at 16
weeks: BIG (nZ20), WALK (nZ19), and HOME (nZ19). No
significant differences in age, disease duration, and levodopa
equivalence dose were found between the groups. Weekly unsupervised exercise time in addition to supervised therapy in BIG
and WALK groups did not differ between groups (see Ebersbach
et al6 for further details).
Outcome of primary and secondary motor assessments has
been reported previously.3 Mean values of reaction times are
given in table 1.
Analysis of change in reaction times applying 2-factorial
repeated-measures ANOVA indicated differences between groups
for cRT (PZ.008, FZ5.27) but no effect of measurement
(PZ.926, FZ.009) or groupmeasurement interactions
(PZ.550, FZ.604). Pairwise comparisons detected differences
between BIG and HOME groups (PZ.005, FZ9.144) and between WALK and HOME groups (PZ.01, FZ7.474) but not
between BIG and WALK groups (PZ.452, FZ.578). One-way
ANOVA showed differences in change in cRT between treatment groups at intermediate (PZ.030, FZ3.758) and follow-up
(PZ.013, FZ4.709) assessments.
At the intermediate assessment, mean cRT was reduced by
47 ms (95% confidence interval [CI], 68/ 25) in the BIG
group and by 56 ms (CI, 111/ 1) in the WALK group. In the
HOME group, the mean change in cRT was 5 ms (CI, 20/30). At
final assessment, the changes compared with baseline were 41
ms (CI, 70/ 11) for BIG, 64 ms (CI, 106/ 21) for WALK,
and 14 ms (CI, 28/57) for HOME groups (fig 2). Within-group
comparisons showed that changes were significant for BIG
(PZ.001, FZ9.7) and WALK (PZ.015, FZ5.5) groups but not
for the HOME group (PZ.79, FZ.24).
Pairwise t test comparisons revealed differences in change in
cRT at both measurements between BIG and HOME groups (intermediate: 52ms; CI, 84/ 20; PZ.002; Cohen’s d, 1.1;
follow-up: 55ms; CI, 105/ 6; PZ.030; Cohen’s d, 0.7) and
between WALK and HOME groups (intermediate: 61ms; CI,
120/ 2; PZ.042; Cohen’s d, 0.7; follow-up: 78ms; CI, 136/
20; PZ.010; Cohen’s d, 0.9). There was no difference between
BIG and WALK groups (intermediate: 9ms; CI, 49/67; PZ.742;
Cohen’s d, 0.1; follow-up: 22ms; CI, 27/72; PZ.361; Cohen’s
d, 0.3).
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Fig 1

Consolidated Standards of Reporting Trials diagram showing the disposition of patients.

Analysis of nRT revealed no difference in group (PZ.122,
FZ2.191), measurement (PZ.693, FZ.157), or interactions
(PZ.230, FZ1.51) and no treatment effects at intermediate
(PZ.199, FZ1.665) and follow-up (PZ.159, FZ1.904)
assessments.

Discussion
In the present exploratory study, the modalities of physical exercise affected cRT in patients with PD. Subjects assigned to Nordic
Walking and LSVT-BIG showed a sustained improvement in cRT,
whereas no changes were observed in subjects assigned to

Table 1

nRT and cRT (ms)

Condition

Group

Baseline

Intermediate

Follow-Up

nRT

BIG
WALK
HOME
BIG
WALK
HOME

385100
405156
33556
37779
388136
31557

34973
383118
34182
33064
33971
32080

364115
356120
342105
33790
32580
330114

cRT

NOTE. Values represent mean  SD.

domestic training without supervision. The total amount of active
training was higher in supervised groups (WALK and BIG)
because weekly domestic training time did not differ between
groups. Improvement in reaction times can thus be attributed to
supervised physical exercise, confirming the importance of direct
supervision in the rehabilitation of patients with PD previously
described in a study of Ridgel et al.8 In contrast to the improvement in Unified Parkinson’s Disease Rating Scale motor scores
seen only with LSVT-BIG (one-to-one exercise), reduction in
reaction times occurred to the same extent following Nordic
Walking (group treatment). Individual face-to-face interaction
with the therapist and choice of physical exercise may thus not be
as crucial for the improvement in reaction times as for the
amelioration of bradykinesia.
Significant effects were demonstrated for cRT but not for nRT,
suggesting that a shorter preparatory phase between the presentation of an acoustic preparatory cue and an imperative go-signal
was crucial for faster reactions. This finding points to nonmotor
effects of LSVT-BIG and Nordic Walking exercise, mainly concerning the domains of phasic alertness and attention. Phasic
alertness represents an increased readiness to respond to a signal
that is neurophysiologically accompanied by activation in bilateral thalamus, anterior cingulate, and bilateral supplementary
motor area.9 In a recent study,2 24 weeks of exercise resulted in an
improvement in cognitive abilities in subjects with memory
deficits. Acute effects of physical exercise on some cognitive
www.archives-pmr.org
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Study limitations
We cannot exclude a ceiling effect in the HOME group because
baseline reaction times were shorter in this group. Furthermore, no
additional assessments of executive function, such as working
memory or set shifting, were applied. Further studies are needed
to explore the potential of physical exercise to improve cognitive
function in patients with PD.

Conclusion
Supervised physical exercise with LSVT-BIG or Nordic Walking
is associated with an improvement in cognitive aspects of movement preparation.
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