
Vol.:(0123456789)1 3

Journal of Neural Transmission (2020) 127:265–272 
https://doi.org/10.1007/s00702-020-02148-4

NEUROLOGY AND PRECLINICAL NEUROLOGICAL STUDIES - ORIGINAL ARTICLE

Different response to instrumental tests in relation to cognitive 
demand after dopaminergic stimulation in previously treated patients 
with Parkinson’s disease

Thomas Müller1  · Ali Harati2

Received: 30 December 2019 / Accepted: 20 January 2020 / Published online: 1 February 2020 
© Springer-Verlag GmbH Austria, part of Springer Nature 2020

Abstract
Instrumental measurement of response assets and movement behaviour gained importance as addition to rating procedures 
to determine the efficacy of therapeutic interventions in patients with Parkinson’s disease. Objectives were to determine the 
response to standardised 100 mg levodopa application with repeat performance of complex and simple instrumental tests in 
relation to scored motor behaviour in 53 previously treated patients. Levodopa improved rating scores of motor impairment, 
execution of complicated movement patterns and complex reaction time. Computed improvements in these instrumental 
test results correlated with each other. Execution of the simple reaction time paradigm and of plain movement sequences 
did not ameliorate after levodopa. The changes of these simple test results were not associated to each other. These different 
response patterns result from the higher cognitive demand of dopamine sensitive association areas of the prefrontal cortex 
and mesolimbic system for the complex test execution in contrast to the simple task performance.
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Introduction

Human performance of movement sequences and response 
assets involves various brain structures. Progressive disability 
of movement execution and impairment of responsiveness are 
typical features of Parkinson’s disease (PD). They reflect basal 
ganglia dysfunction and the related, predominant dopamine 
deficit in PD (Birn et al. 1999; Loiodice et al. 2019; Muel-
ler et al. 2019). Neurological examination of impaired move-
ment behaviour is essential tool of commonly applied rating 
scales, such as the Unified Parkinson’s Disease Rating Scale 
(UPDRS), to describe treatment effects (Fahn and Elton 1987). 
Execution of motion sequences and reaction time testing also 
demand other human skills and features such as motivation, 

attention, concentration, cognitive abilities, and vigilance 
(Müller and Benz 2002; Müller et al. 2002, 2004). At least 
partially, these characteristics are also related to frontostriatal 
circuits and the mesolimbic system of the brain in addition to 
basal ganglia interaction. Nearly all these structures are also 
affected in PD (Lalonde and Botez-Marquard 1997; Nieoullon 
and Coquerel 2003; Akram et al. 2017). Their adequate func-
tion does not only depend on dopamine neurotransmission, 
but also on adequate stimulation with other neurotransmitters, 
such as noradrenaline, serotonine or acetylcholine. Their con-
tent in various brain structures is also altered in idiopathic PD. 
This disease entity affects various transmitter systems in an 
individually pronounced manner (Przuntek et al. 2004). Dopa-
mine supplementation predominantly balances the pronounced 
dopamine deficit in PD, but also influences function of other 
neurotransmitter systems. Thus, too high dopamine levels may 
alter the physiological balance between dopamine and acetyl-
choline, which is closely related with cognitive abilities (Cala-
bresi et al. 2006; Gratton et al. 2017). Another example for the 
close interaction between the various neurotransmitter systems 
is the conversion of levodopa to dopamine in serotonine gen-
erating neurons (Hensler et al. 2013; Navailles et al. 2014; 
Leal et al. 2019). Thus levodopa overflow may down regulate 
endogenous serotonine generation, which may worsen mood 
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in the long term (Nieoullon and Coquerel 2003; Hensler et al. 
2013). Accordingly, clinicians not only report an improvement 
of motor behaviour, but also an associated amelioration of 
non-motor systems with cautious, slow and adequate titration 
of predominant dopamine substituting drugs in PD patients 
(Müller et al. 2017). It is also well known that predominantly 
impaired motor behaviour in PD enhances, after standardised 
stimulation of the nigrostriatal dopaminergic system with levo-
dopa in PD patients. This so-called dopaminergic response 
represents an important criterion for the diagnosis of idiopathic 
PD (Gelb et al. 1999). Clinicians often combine clinical rating 
and performance of specific instrumental tests for the appraisal 
of the effects of dopamine substitution in PD patients (Müller 
et al., 2002). Thus instrumental assessment of altered move-
ment behaviour gained importance as an objective tool in com-
bination with rating procedures to determine the efficacy of 
therapeutic interventions in PD (Goetz et al. 2008; Müller et al. 
2017). However, dopamine supplementation or a dopamine 
overflow may also delay cognitive abilities such as reaction 
time, particularly when PD patients are previously untreated 
and receive 200 mg levodopa for the first time in their life 
(Müller et al. 2000a, 2001). Chronic exposure to dopamine 
substituting drugs in PD patients changes cognitive function, 
personality and motor behaviour, all of which may start to 
fluctuate particularly when levodopa with its short half-life 
is introduced in the treatment regimen (Martinez-Fernandez 
et al. 2016; Müller et al. 2017). Currently, digital techniques 
are developed to monitor these fluctuations of motor behaviour 
in PD patients. These still experimental monitoring systems 
often focus on certain aspects of motor behaviour or activ-
ity in general only and not on additional features of human 
behaviour, such as cognition (Lakie and Mutch 1989; Nguyen 
et al. 2019; Vizcarra et al. 2019). However, not only motor 
symptoms but also non motor features may vary in response 
to dopaminergic drugs (Witjas et al. 2002; Müller 2014). Thus, 
further aspects of movement, such as complexity or simplicity 
of movement execution, may hypothetically behave in a dif-
ferent manner in response to dopaminergic stimulation in PD 
patients (Müller et al. 2002). Objectives were to determine the 
response to standardised levodopa application with complex 
and simple to execute instrumental tests in relation to scored 
motor behaviour in previously treated PD patients.

Methods

Subjects

Participants were 53 treated, right handed, idiopathic PD 
patients [25 men, 28 women; age 61.15 ± 18.54  years; 
Unified Parkinson’s Disease Rating Scale (UPDRS) 
mental behaviour (I): 2.87 ± 2.16; UPDRS activities of 
daily living (II): 9.71 ± 6.47; UPDRS motor examination 

(III): 26.42 ± 14.44; UPDRS motor complications (IV): 
1.19 ± 0.32; Hoehn and Yahr Scale (HYS): 2.02 ± 0.88, 
Schwab and England Scale score 81.59 ± 15.98] without 
unpredictable motor fluctuations. Subjects with medical 
conditions, which may affect the outcomes of the performed 
instrumental tests, were excluded.

Design

PD patients were taken off their regular PD drug therapy 
for at least 12 h before rating and execution of devices. First 
the rating (A.H.), second the assessments with the devices 
[standardised sequence: peg insertion (first), tapping (sec-
ond), simple reaction time (third) and complex reaction time 
(fourth)] were performed (technicians). Then the patients 
received soluble levodopa/benserazide (Madopar LT®). One 
hour later UPDRS III rating and the instrumental tests in the 
same sequence were again executed. To minimize learning 
and training effects, all PD patients were allowed to practice 
for one minute on the day before with all instrumental tests.

Rating

Motor symptoms were scored with the part motor examina-
tion (III) of the UPDRS (Fahn et al. 1987).

Peg insertion

Subjects were asked to transfer 25 pegs (diameter 2.5 mm, 
lengh 5 cm) from a rack into one of 25 holes (diameter 
2.8 mm) in a computer-based contact board individually 
and as quickly as possible (manufactured by Schuhfried 
Ges.m.b.H., Austria). The distance between rack and appro-
priate holes was 32 cm. The board was positioned in the cen-
tre and the task was carried out on each side. When transfer-
ring each peg from rack to hole, elbows were allowed to be 
in contact with the table. The time interval between inserting 
of the first and the last pin initially with the right- and then 
the left hand was determined. The measurement of the time 
period for this task was done by a computer to 100 ms (ms) 
accuracy. The total peg insertion score is the sum of the time 
intervals of task performance with the right and left hand in 
ms (Müller et al. 2002).

Tapping

To execute the tapping test (manufactured by Schuhfried 
Ges.m.b.H., Austria), the individuals were instructed to tap 
as quickly as possible on a contact board (3 cm × 3 cm) with 
a contact pencil for a period of 32 s after the initial flash of 
a yellow stimulus light. Peak height reached by the pencil 
was not controlled. The board was positioned in the centre. 
When performing the task, elbows were allowed to be in 
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contact with the table. The number of contacts was regis-
tered by means of a computerized device. Tapping rate was 
first measured with the right hand and then with the left one 
(Müller et al. 2002).

Simple reaction time paradigm

The response to a visual simple reaction time task (manu-
factured by Schuhfried Ges.m.b.H., Austria) was measured. 
The apparatus consisted of a 31 cm × 42 cm rectangular 
surface with two stimulus lights (red and yellow), each 
coupled to the reaction button electrode 1 cm in diameter 
15 cm equidistant from a central start button electrode. SRT 
performance did not depend on the red light, which was not 
presented and employed during the whole test procedure. 
The subject was asked to press with the index finger of his 
right hand the central start button. After the appearance of 
the yellow stimulus light the subject was asked to switch off 
the light as quickly as possible by moving his finger from 
the central start button to the reaction button. Reaction time 
was considered as elapsed interval between onset of the yel-
low stimulus light and release of the start button. Movement 
time was the period between release of the start button and 
the pressing of the reaction button. Thus this paradigm only 
asks the subject to detect one stimulus and to produce the 
same response on every trial. All participants were allowed 
to get familiar and to practice with the apparatus for a stand-
ardized period of time [60 s], to avoid learning and training 
effects on the day before. Since the more affected hand of 
PD patients presents slower performance than the other less 
affected one, PD patients were asked only to use the right 
dominant hand for this within-subjects comparison. Reac-
tion time and movement time were assessed by a computer 
to millisecond accuracy. Out of 13 correct answers, a trun-
cated mean of values were used for the statistical analysis. 
Thus measures greater than or less than two standard devia-
tions of the mean value were excluded (Müller et al. 2001).

Choice reaction time paradigm

The motor response was measured with a computer. The 
paradigm presented optical and acoustic stimuli alone or in 
combination following a standardized pattern. The apparatus 
consisted of a 31 cm × 42 cm rectangular surface with two 
stimulus lights (red and yellow), each coupled to the reaction 
button electrode 1 cm in diameter 15 cm equidistant from a 
central start button electrode (manufactured by Schuhfried 
Ges.m.b.H., Austria). The acoustic signal was provided by 
a small loud speaker fixed between the two stimulus lights. 
The subject was asked to press with the index finger of his 
right (dominant) hand the central start button. Only after 
the appearance of the yellow stimulus light the subject had 
to switch off the light as quickly as possible by moving 

his finger from the central start button to the reaction but-
ton. Thus this task may also be classified as discrimination 
reaction time paradigm, which employs a number of sev-
eral stimuli, but always need only one type of response all 
the time. Reaction time was considered as elapsed interval 
between onset of the yellow stimulus light and release of the 
start button. Movement time was the time between release of 
the start button and the pressing of the reaction button. Par-
ticipants were asked only to use the right dominant hand for 
this within-subjects comparison. Thus a bias of severity of 
PD was avoided, since the more affected hand of PD patients 
presents slower simple reaction times than the contra lat-
eral less affected one. Out of 26 correct answers a truncated 
mean of values was used for the statistical analysis. Results 
greater than or less than two standard deviations of the mean 
value were thus excluded (Müller et al. 2000a).

Statistics

There was a normal data distribution according to the Kol-
mogorov–Smirnov test. Consequently parametric tests were 
performed. The t-test for dependent samples was employed 
for comparisons within each group. Outcomes of both hands 
of the peg insertion and tapping procedure were added to 
reduce data for the comparison analysis. Various assessment 
qualities (UPDRS scoring, four instrumental tests) were 
conducted. Therefore, the significance level of the p-value 
was adjusted to 0.01 for comparisons in this exploratory 
analysis. Correlations with Pearson product-moment cor-
relation between instrumental test results and UPDRS III 
scores were done at the two assessment moments before and 
after levodopa intake. Only peg insertion, tapping outcomes, 
results of total simple- and complex-reaction time assess-
ments were used, to reduce the number of correlations. Dif-
ferences between outcomes of start of assessment and end 
of measurement were computed according to the formula: 
difference = outcome (start)—outcome (end). Pearson prod-
uct-moment correlation coefficient above 0.4 was considered 
as significant.

Ethics

The study was approved by the local institutional ethics 
committee of the Ruhr University of Bochum. The study 
was performed in the Department of Neurology, St Joseph 
Hospital (Head at that time: Professor Dr. H. Przuntek). The 
investigation represented a non-interventional study, i.e. the 
rules imposed for this observational plan did not interfere 
with the physician’s common therapy. Patient’s written 
informed consent regarding the forwarding and storing of 
medical data was obtained.
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Results

Comparisons

UPDRS III scores improved as to be expected in PD 
patients (Fig. 1) [before levodopa intake: 26.6 ± 14.4; after 
levodopa intake: 19 ± 12.7 (mean ± standard deviation are 
given in the whole paragraph), p < 0.0001]. The inter-
val necessary for performance of the peg insertion task 
shortened (Fig. 2) [before levodopa intake: 1155 ± 333.3; 
after levodopa intake: 1076 ± 285.4 (100 ms accuracy), 
p < 0.0001]. The number of taps did not change (Fig. 3) 
[before levodopa intake: 304.4 ± 42.3; after levodopa 
intake: 302.5 ± 51.2, p = n.s.]. The total interval neces-
sary for simple reaction task performance did not change 
(Fig. 4) [before levodopa intake: 658.2 ± 136.6; after levo-
dopa intake: 666.2 ± 124 (ms), p = n.s.]. Accordingly, nei-
ther the reaction time [before levodopa intake: 384.5 ± 90.3; 
after levodopa intake: 388.3 ± 84.6 (ms), p = n.s.] nor the 
movement time [before levodopa intake: 266.7 ± 79.3; after 

levodopa intake: 273.2 ± 66 (ms), p = n.s.] changed. There 
was no change in the number of right answers [before levo-
dopa intake: 12.4 ± 2.5; after levodopa intake: 12.9 ± 1.6 
(right answers), p = n.s.] The total time period needed for 
performance of the choice reaction time task went down 
(Fig. 5) [before levodopa intake: 892 ± 172; after levodopa 
intake: 838.8 ± 155.7 (ms), p = 0.0029]. This effect was due 
to the reduction of reaction time (Fig. 6) [before levodopa 
intake: 587.3 ± 133.6; after levodopa intake: 544.1 ± 112,2 
(ms), p = 0.0003], whereas movement time did not modify 
[before levodopa intake: 290.9 ± 84.5 after levodopa intake: 
283.2 ± 84.6 (ms), p = n.s.]. The number of right answers 
improved [before levodopa intake: 23.9 ± 3.2; after levodopa 
intake: 24.8 ± 2.2 (right answers), p = 0.01].

Correlations

There were significant associations before levodopa adminis-
tration between all outcomes of the rating and the instrumen-
tal test procedures with the exception of the missing relation 
between the tapping and UPDRS III score (Table 1, columns 
3, 4). Significant correlations also appeared after levodopa 
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dopa/25 mg benserazide. UPDRS III; motor examination (III) of the 
Unified Parkinson’s Disease Rating Scale

before after
600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

pe
g 

in
se

rt
io

n 
sc

or
e 

(1
00

 m
s 

ac
cu

ra
cy

)

Fig. 2  Decline of the necessary interval for performance of the peg 
insertion paradigm 1 h after intake of 100 mg levodopa/25 mg bens-
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application between all parameters, but not between the tap-
ping but the total complex reaction time and the UPDRS III 
score only (Table 1, columns 7, 8). The correlation analy-
sis of the computed differences only showed associations 
between the peg insertion and the total complex reaction 
time test and between the simple- and complex-reaction time 
paradigm (Table 1, columns 5, 6).

Discussion

Neurotransmission of dopamine in the nigrostriatal system 
is generally essential for execution of all kinds of movement 
patterns. In previously treated PD patients, our outcomes 
show that dopamine supplementation improves execution 
of complex movement patterns and decision making. They 
ask for higher cognitive load in contrast to a more automated 
performance of response to the tapping procedure with its 
demand for execution of simple motion sequences or the 
simple structure of the decision making process in response 
to the simple reaction time task (Müller et al. 2000b; Pal 
et al. 2001; Müller et al. 2002; Taylor Tavares et al. 2005). 

Peg insertion is characterized by performance of complex 
movement sequences with an additional need for visual and 
spatial cognition, self-elaboration of internal strategies, sort-
ing and planning (Müller et al. 2000b; Pal et al. 2001; Müller 
et al. 2002; Haaland et al. 2004; Taylor Tavares et al. 2005; 
Espay et al. 2009). A demand for repeat decision making 
with a “yes or no” answer to the various provided stimuli 
particularly characterises the complex reaction time task. 
Thus, both, the peg insertion task and the complex reac-
tion time paradigm, which is also classified as a “go or no 
go” reaction pattern, hypothetically involve higher cognitive 
functions (Lalonde and Botez-Marquard 1997; Müller et al. 
2000a). The complexity of the execution of both instrumen-
tal paradigms is hypothetically not only modulated by the 
striatal dopamine content, but also influenced by dopamine 
sensitive association areas of the prefrontal cortex and in 
the mesolimbic system (Lalonde and Botez-Marquard 1997; 
Akram et al. 2017; Cools et al. 2019; Trujillo et al. 2019) 
This hypothesis of the involvement of similar brain struc-
tures for the execution of both tasks is supported by the 
significant relationship between the computed differences 
of complex reaction time outcomes and the peg insertion 
results in the correlation analysis. Performance of both 
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more complex tasks also asks for more attention and vigi-
lance in contrast to the execution of the tapping- and simple 
reaction time task with their demand for more automated 
performance of movement sequences respectively reaction 
responses. Thus movement time of the choice reaction time 
tasks measures performance a simple movement sequence 
similar to the tapping procedure or the components of the 
instrumental simple reaction time tool. Consequently it did 
not improve in contrast to reaction time which reflects the 
need for a more complex decision process with more neces-
sary cognitive load and attention.

Dopamine is also involved in the regulation of atten-
tion via the frontal lobe and basal ganglia (Pal et al. 2001; 
Nieoullon and Coquerel 2003; Akram et al. 2017; Cools 
et al. 2019; Trujillo et al. 2019). Previous investigations 
also demonstrated that selective lesions of this dopamine-
regulated components of the mesolimbic system and its 
associated frontal cortical circuit causes cognitive deficits 
(Pal et al., 2001; Nieoullon and Coquerel 2003; Akram 
et al. 2017; Cools et al. 2019; Trujillo et al. 2019). There-
fore dopamine is also looked upon as a powerful regulator 
of different aspects of cognitive brain functions (Nieoullon 
and Coquerel 2003; Cools et al. 2019; Trujillo et al. 2019). 

Additionally, ameliorated execution of the choice reaction 
time and the peg insertion paradigm following levodopa 
intake may also result from an increased vigilance (Mül-
ler et al. 2001; Nieoullon and Coquerel 2003; Trujillo 
et al. 2019). This hypothesis may cause a controversy. PD 
patients often complain sedative adverse events following 
the administration of dopaminergic drugs like levodopa 
or dopamine agonists. Clinicians observed yawning as an 
aura for onset of a levodopa-induced “ON” - phase in PD. 
It may resemble a temporary onset of fatigue. The occur-
rence of a decreased number of oxytocin-immunoreactive 
neurons in the paraventricular nucleus of the hypothala-
mus in PD may be responsible (Purba et al. 1994; Chini 
et al. 2014). This structure receives afferent projections 
from midbrain dopaminergic neurons. Oxytocin release 
from this area in response to dopaminergic stimulation 
is believed to mediate yawning (Goren and Friedman 
1998; Teive et al. 2018). A further hypothetical consid-
eration on levodopa caused fatigue concerns interactions 
between dopamine and noradrenaline due to the consecu-
tive peripheral lowering of blood pressure (Garber and 
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Friedman 2003; Pursiainen et al. 2012; Fabbri et al. 2017). 
However, one may also assume that long-term applica-
tion of dopaminergic drugs, like in our investigated previ-
ously treated PD patients, induces a certain tolerance and 
capacity to compensate all these mechanisms similar to 
several other dopamine mediated side effects, like nausea 
or hypotension (Nieoullon and Coquerel 2003). Therefore, 
we hypothesize in conclusion that we found an improved 
complex reaction time task performance in contrast to ear-
lier findings in previously untreated PD patients, which 
orally received 200 mg levodopa and 50 mg benserazide. 
In that trial, a delay of complex reaction time was shown, 
probably as consequence of a missing tolerance to the 
aforementioned sedative dopamine mediated effects or as 
a result of too high stimulation with dopamine (Müller 
et al. 2001). It is well known, dopamine overflow may 
also reduce cognition processing speed in areas like the 
prefrontal cortex with relatively intact dopaminergic sys-
tems (Korf and Loopuijt 1988; Nieoullon and Coquerel 
2003). Our results also support the view, that dopamine 
sensitive areas other than the nigrostriatal system are more 
vulnerable to fluctuations of dopamine. Therefore, features 
of non-motor fluctuations often precede the onset of motor 
fluctuations (Korf and Loopuijt 1988; Witjas et al. 2002; 
Martinez-Fernandez et al. 2016).

The correlation analysis confirms earlier findings in pre-
viously untreated PD patients, that both peg insertion and 
tapping outcomes are associated with each other in terms of 
measurement of disability in PD (Müller et al. 2000b; Mül-
ler et al. 2002). Earlier investigations also showed that peg 
insertion in contrast to tapping results are superior to reflect 
UPDRS III scoring of motor behaviour and response to titra-
tion with dopaminergic drugs (Müller et al. 2000b; Müller 

et al. 2002). Since execution of both reaction time paradigms 
is somehow very closely related, the found associations may 
be looked upon as an expected outcome to a certain extent.

One limitation of this trial is that we did not change the 
sequence of tasks performance to exclude or to discuss a 
certain overloading effect on our results. Further drawbacks 
are the missing comparisons against placebo application and 
that we did not run the same study in healthy controls and 
previously untreated PD patients.

In conclusion, we show that levodopa response may differ 
dependent on the necessary cognitive load for execution of 
an instrumental task in previously treated PD patients.
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