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Background: Effects of dopaminergic medication on executive function in patients with
Parkinson’s disease (PD) are inconsistent.

Objective: We examined the effect of dopaminergic medication on executive function in 24
drug-naive PD patients (de novo group) and in 21 PD patients on chronic dopaminergic medi-
cation (chronic medication group).

Methods: PD patients without dementia were included in this study. For the de novo group
patients, dopaminergic medication was initiated, and the dose was increased to improve motor
symptoms. For the chronic medication group patients, dopaminergic medication was adjusted
to relieve clinical problems. All participants were tested prior to and at 4—7 months after the
drug initiation/adjustment. Executive function was assessed by using the Behavioral Assess-
ment of the Dysexecutive Syndrome (BADS). Motor function was assessed by using the Unified
Parkinson’s Disease Rating Scale (UPDRS; part III). Improvement in executive function was
compared with a simultaneous change in levodopa equivalent doses (LED) of dopaminergic
medication and with improvement in motor functions.

Results: The mean standardized BADS scores showed no significant improvement in both the
groups. In the de novo group, percent improvement in the standardized BADS scores showed a
significant positive correlation with the LED, but not with percent improvement in UPDRS part
II1. In the chronic medication group, percent improvement in the standardized BADS scores was
negatively correlated with change in the LED, but not with percent improvement in UPDRS part
III. Multiple regression analysis using improvement in the standardized BADS score as a depen-
dent variable and patient’s background factors (ie, age, education, disease duration, and motor
and executive assessments at baseline) as independent variable showed that improvement in the
executive assessment is significantly correlated with the LED only in the de novo group.
Conclusion: Effects of dopaminergic drug adjustment on executive function differ according
to the patient’s clinical stage and depend on LED in de novo stage.

Keywords: motor disorders, dopaminergic drug, levodopa equivalent dose, correlation between
executive improvement and levodopa equivalent dose, inverted U-shaped theory

Introduction

Since the 1960s, dopaminergic drugs have been used to treat motor symptoms in
patients with Parkinson’s disease (PD). In recent years, cognitive impairment in PD
has attracted interest, and the majority of PD patients show mild cognitive impairment.
Among the cognitive changes, executive deficits are frequent in PD patients.!? Frontal
lobe functions, such as executive function, are shown to correlate with striatal uptake
of 'ZI-Ioflupane in the dopamine transporter scintigram.’* Therefore, dopaminergic
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drugs have a possibility to affect not only motor function,
but also executive function. Although dopamine replacement
therapy is the gold standard for motor symptoms, its effects
on cognitive function in PD patients are inconsistent and not
well defined. For example, levodopa is shown to improve,
diminish, or not affect cognitive function according to the
neuropsychological tests and domains.’ For frontal lobe func-
tion, some reports show working memory,® planning, and
set-shifting” improved in patients taking levodopa. Cools and
D’Esposito showed that a dopaminergic drug causes beneficial
or detrimental effects on frontal/executive function according
to basal dopamine levels in the brain, because the cognitive
performance becomes the best at the optimum dopaminergic
titer in brain and declines at either too little or too much dop-
aminergic titers.® This theory is named the “inverted U-shaped
theory” and means an increase or a decrease in dopaminergic
titer results in reduced executive function in patients with
appropriate baseline dopaminergic titers. However, a depleted
baseline dopaminergic titer supplemented with appropriate
prescribed drugs results in appropriate dopaminergic titers
and improved executive function. This theory is supported by
later performed human studies showing association between
frontal/executive function and dopaminergic titer in brain.*!°
Thus, appropriate adjustment of dopaminergic drugs is rec-
ommended. These findings suggest that the dopamine titer
has a relationship with executive function in PD patients.
However, the details on the relationship between executive
function and dopamine titer in clinical practice are not known
because dopaminergic drugs are primarily used to treat motor
function in clinical practice.

Previous studies examined executive function in PD using
standard assessments, such as the Stroop test, the Wisconsin
card sorting test, the Frontal Assessment Battery, and
others.'"""* However, these assessments may be insensitive
to executive deficits experienced in daily life.'> However,

Table | Profile of six subtests included in the BADS

the Behavioral Assessment of the Dysexecutive Syndrome
(BADS), which includes six subtests to assess executive
function required in daily life (Table 1), is designed to exam-
ine subtle impairment in executive function.'® Therefore, it
is useful to identify executive deficits in patients with no
apparent dementia such as Mini-Mental State Examina-
tion (MMSE) score of =24."718 Usefulness of the BADS to
assess executive function in PD has been shown.!3?° Using
BADS, we examined the effects of dopaminergic medica-
tion on executive function in nondemented PD patients at
two different clinical stages, including the de novo stage
and the more progressed stage with a history of chronic
dopaminergic medication.

Methods

Patients and treatment

In total, 45 PD patients with an MMSE score of =25 were
recruited from both outpatients and inpatients diagnosed at
both Showa University Hospital and Showa University East
Hospital in Tokyo, Japan. The patients were divided into two
groups. The de novo group included 24 de novo patients with
no dopaminergic medication, while the chronic medication
group included 21 patients receiving chronic dopaminergic
medication and requiring further drug adjustment to man-
age newly developing clinical problems, such as hallucina-
tions and motor symptoms. The cutoff MMSE score was
determined because the sensitivity and usefulness of BADS
are observed in patients with an MMSE score >24.17!8 The
diagnosis of PD was made using the clinical diagnostic
criteria of the United Kingdom Parkinson’s Disease Society
Brain Bank.?! All de novo patients were diagnosed accord-
ing to both their clinical history and neurological findings
before medication. Then, single use or combination of dop-
aminergic drugs were introduced and increased stepwise to
an optimal dose for improvement in motor function within

Subtest Contents of each subtest

Measurable abilites'>'®

Rule shift cards test
cards is turned over one at a time
Action program test
Key search test
lost key
Temporal judgment test
Zoo map test
Modified six elements

they are not allowed to do the two parts of the same task consecutively

Respond “yes” or “no” according to the prescribed rules when a series of 20 playing

Take the cork from the tall tube using a set of materials according to the prescribed rules
Draw the path the patient would take to search inside the square in order to find a

Estimate the time length for activities experienced in daily life

Visit the ordered places in the map according to the prescribed rules

There are two sets of arithmetic problems, two dictation tasks, and two sets of pictures
test that have to be named, making six subtasks in total. The subject is required to attempt
to do at least some of all six sections within 10 minutes according to the rules. However,

Cognitive flexibility

Planning and problem-solving
Planning and monitoring
patient’s own behavior
Judgment and estimation
Planning and problem-solving
Planning, problem-solving,
prospective memory, and
organizing and monitoring
patient’s own behavior

Abbreviation: BADS, Behavioral Assessment of the Dysexecutive Syndrome.
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the following 3 months. The motor symptoms of all de
novo patients improved, confirming their diagnosis of PD.
We used the sum of the levodopa equivalent doses (LEDs) of
the prescribed drugs at follow-up assessment as the change
in the LED. Protocol for calculating the LED (mg/day) for
each drugs is as follows: pramipexole, X100; ropinirole, X20;
rotigotine, X30; selegiline, X10; entacapone, levodopa dose
X0.33; amantadine, X1.22 All of the patients in the chronic
medication group were taking levodopa/dopa decarboxy-
lase inhibitor (DDCI) and/or other dopaminergic drugs (ie,
dopamine agonists, selegiline, entacapone, and amantadine)
as shown in Table 2. For those chronic medication patients,
the dopaminergic medication was adjusted, including either
dose or drug change, to relieve their clinical problems, such
as hallucinations and motor symptoms. The adjustment was
performed stepwise within 3 months of entering the study.
We calculated the total LED of the taken dopaminergic drugs
at baseline and follow-up period. The change from baseline
in the LED, which signifies an increase in a positive number
and a decrease in a negative number, was used as the change
in the LED for our analysis.

In both the groups, no patient was taking an anti-dementia
drug, such as either an acetylcholinesterase inhibitor or an
N-methyl-D-aspartic acid receptor antagonist. No other drug
initiation/change except dopaminergic drugs was performed

Table 2 Patients’ backgrounds in both the groups

De novo Chronic
group medication group
Sex
Male/female 1:13 8:13
Age (years) 65.8+11.2 68.8+£10.2
Education (years) 13.4£2.3 13.0£2.0
Disease duration (years) 1.3+0.9 4.613.8%F*
Onset symptom
Tremor 10 14
Rigidity and bradykinesia 14 7
Hoehn and Yahr
| 6 0
Il 10 14
1] 8 7
I\ 0 0
\% 0 0
Number of patients taking each drug
Levodopa/DDCI 0 16
Entacapone 0 2
Selegiline 0 8
Pramipexole 0 8
Ropinirole 0 3
Rotigotine 0 3
Amantadine 0 |

Note: **p<0.001 vs de novo group.
Abbreviation: DDCI, dopa decarboxylase inhibitor.

during this study. No patient was taking an anti-cholinergic
drug, such as trihexyphenidyl. No patient had a history of an
impulse control disorder. No patient in the chronic medica-
tion group was suffering from the wearing-off phenomenon.
No patient had undergone deep brain stimulation. No patient
had a disease, such as depression, that affected motor and
cognitive functions except PD.

The Ethics Committee of Showa University School of
Medicine approved the study, and the study was performed
according to the Declaration of Helsinki. Written informed
consent was obtained from all the participants.

Clinical assessment

The motor and executive functions of each participant
were assessed at baseline and at the follow-up period of
4—7 months after drug initiation or adjustment. Motor func-
tion was assessed using the Unified Parkinson’s Disease
Rating Scale (UPDRS; part III). MMSE was performed to
determine the cognitive level in patients with PD. Motor and
neuropsychological assessments were performed blind by dif-
ferent examiners. For patients with an MMSE score of =25,
executive function was assessed by using the Japanese
version of BADS. BADS includes six subtests as follows:
the rule shift cards test, action program test, key search test,
temporal judgment test, zoo map test, and the modified six
elements test as shown in Table 1. We used standardized
scores of the sum of all subtests. For the motor and executive
assessment, score improvement was calculated as follows:
a positive number indicates improvement, and a negative
number indicates deterioration. Furthermore, we calculated
percent improvement in the UPDRS part III score and stan-
dardized BADS score as follows: percent improvement =
score improvement/baseline score.

Statistical analysis

Since the Kolmogorov—Smirnov test showed that change
in the LED and percent improvement in UPDRS part 111
score in both the groups were non-normally distributed,
we used the Spearman’s correlation coefficients for the
following analysis. Spearman’s correlation coefficients of
percent improvement in the BADS standardized score with
simultaneous change in the LED and percent improvement
in UPDRS part III were calculated. Patients’ backgrounds,
all of which were shown to be non-normally distributed by
the Kolmogorov—Smirnov test, were compared between the
two groups using Mann—Whitney U-test. Ratio of male to
female was compared between the two groups using Fisher’s
exact test. Mean scores of motor and executive functions and
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LED were compared between baseline and the follow-up in
each group using paired #-test. The level of significance was
set at p<<0.05 (two-tailed probability).

Results
Table 2 shows patients’ backgrounds in both the groups.
Ratio of male to female, age, and education showed no sig-
nificant difference between the two groups. Table 3 shows
change from baseline in mean motor and executive assess-
ment scores and the LED of the prescribed drugs in both the
groups. In the de novo group, motor function significantly
improved with the dopaminergic medication. The mean
standardized BADS score in both groups and the motor
assessment score in the chronic medication group did not
show significant changes.

In de novo group, levodopa/DDCI was prescribed to
15 patients, and six of the 15 patients took only levodopa/
DDCI. Dopamine agonists were prescribed to 9 patients,
and all of the 9 patients took levodopa/DDCI and/or
selegiline in combination; 13 patients took selegiline, and
five of the 13 patients underwent selegiline monotherapy.
In this group, percent improvement in the standardized
BADS score showed a strong positive correlation with
the LED (r=0.625, p<<0.01) as shown in Figure 1. This
significant correlation was preserved even excluding one
outlier case with percent improvement of 1.667 (r=0.594,
p<0.01). Since the patients in both the groups had different
backgrounds, such as age, education, disease duration, and
motor and cognitive function at baseline, we performed a
multiple regression analysis for these factors. The analysis
using improvement in the standardized BADS score as
a dependent variable showed only the LED significantly
correlated with the executive improvement (p<<0.05) in
the de novo group. However, percent improvement in
the standardized BADS score (r=0.134, p=0.533; shown
in Figure 2) and the LED (r=0.024, p=0.913) showed no

significant correlation with percent improvement in UPDRS
part III in the de novo group.

In the chronic medication group patients, percent
improvement in the standardized BADS score showed sig-
nificant negative correlation with the increase in the LED
(r=—0.441, p<<0.05; shown in Figure 3). Multiple regres-
sion analysis for the same factors as performed in the de
novo patients showed that improvement in the standardized
BADS score did not correlate with any patient background
factors including change in the LED. Percent improvement
in standardized BADS score (r=0.381, p=0.088; shown
in Figure 4) and change in the LED (r=-0.158, p=0.495)
showed no significant correlation with percent improvement
in UPDRS part III in the chronic medication group.

Discussion

In previous studies, executive function has been reported to
be affected by dopaminergic medications in PD patients.>*
However, the effect in clinical practice is inconsistent
being positive or negative for executive function, and thus,
dopaminergic drugs have not been used to treat cognitive
dysfunction. Our study using the BADS scores, Spearman’s
correlation coefficients, and multiple regression analyses
showed that improvement in executive function is positively
correlated with the LED of the drugs prescribed to treat
motor dysfunction in de novo PD patients without demen-
tia. This confirms that dopamine affects executive function.
However, improvement in the standardized BADS score did
not correlate with simultaneous motor improvement in the
de novo group patients. Previous studies showed that execu-
tive deficits in PD patients are linked to the frontostriatal
circuit connecting the basal ganglia and frontal cortex.?>
Dopamine regulates executive function in this circuit.>?’
On the other hand, dopaminergic medication is the gold
standard for the treatment of motor symptoms. Therefore,
these results in the de novo group suggest that motor and

Table 3 Change from baseline in mean motor and executive assessment scores and LED of prescribed drugs

De novo group

Chronic medication group

Baseline After the start of Baseline After the adjustment
the medication of the medication

UPDRS part Il score 17.0£7.9 10.0£5.6%+* 12.5+9.3 9.6+6.6

(5-36) (1-24) (2-45) (21-32)
Standardized BADS score 87.5+25.6 91.0£25.7 89.9+14.5 86.3£19.0

(12-124) (32-129) (61-104) (56-114)
LED of prescribed 0.0+0.0 251.5£127.2%% 425.71314.8 480.8+285.6
dopaminergic drugs (mg/day) (50-450) (75-1,445) (80-1,210)

Notes: **p<<0.00| vs baseline. Data are presented as mean * SD.

Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome; LED, levodopa equivalent dose; UPDRS, Unified Parkinson’s Disease Rating Scale.
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Percent improvement in the
standardized BADS score

2
*
15
r=0.625%
1 p=0.001
0.5

LED of the drugs

L J
0 e * ",/t’:‘/t;—‘ (mg/day)
0 *¥o00 200° 300 400 500

Figure | Distribution of percent improvement in the standardized BADS score and
change in the LED in the de novo group.

Note: Percent improvement in the standardized BADS score showed a significant
positive correlation with the LED (*¥p<<0.01).

Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome;
LED, levodopa equivalent dose.

executive functions include a dopaminergic pathophysiology;
however, the dopaminergic mechanisms of both functions
are not identical.

The correlation between executive improvement and
the LED was positive in the de novo group patients as
shown in Figure 1. This positive correlation shows that
executive function of patients who required larger LED
to improve motor function tends to improve; However,
that of patients with smaller LED tends to deteriorate.
We consider this difference according to the LED using
the “inverted U-shaped theory.” Cools and D’Esposito

Percent improvement in the
standardized BADS score
2

15
r=0.134
p=0.533

0.5
* *

s

09 A %
02 3008 065 08

Percent
improvement
1in UPDRS part Il

-1

Figure 2 Distribution of percent improvement in the standardized BADS score and
percent improvement in UPDRS part Il in the de novo group.

Note: Percent improvement in the standardized BADS score did not correlate with
the percent improvement in UPDRS part lll.

Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome;
UPDRS, Unified Parkinson’s Disease Rating Scale.

Percent improvement in the
standardized BADS score

r=—0.441% 0.3
p=0.045
* 0.2
L *
ost 3 @

1 Change in the LED

<f—
-500 300 —100“.?90\3?’0 (mg/day)
-0.1| # *
. 02 ¢
0.3
* o
04 *
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Figure 3 Distribution of percent improvement in the standardized BADS score and
change in the LED in the chronic medication group.

Note: Percent improvement in the standardized BADS score showed a negative
correlation with the change in the LED (¥p<<0.05).

Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome;
LED, levodopa equivalent dose.

introduced this theory that indicates that too little and too
much dopaminergic titers in the brain result in a decline in
executive function, while an appropriate dopaminergic titer
results in an improvement.® Baseline dopaminergic titers of
the de novo patients who required larger LED to improve
motor function are speculated to be severely depleted at
baseline, and the depleted dopaminergic titer supplemented
with appropriate prescribed drugs resulted in appropriate
dopaminergic titers and improved executive function. On
the other hand, some compensatory mechanisms against

Percent improvement in the
standardized BADS score

r=0.381 0.3

p=0.088
02| *

* * o

0% *6
Percent
improvement

1 in UPDRS part Il

-3 % -1

Figure 4 Distribution of percent improvement in the standardized BADS score and
percent improvement in UPDRS part Il in the chronic medication group.

Note: Percent improvement in the standardized BADS score showed no correlation
with percent improvement in UPDRS part IIl.

Abbreviations: BADS, Behavioral Assessment of the Dysexecutive Syndrome;
UPDRS, Unified Parkinson’s Disease Rating Scale.
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dopaminergic neuron loss are shown in early PD patients
and animal models. For example, dopamine release from
residual striatal neuron in PD is elevated, and hyperactivity of
residual neurons serves to maintain dopaminergic function.?®
In early PD patients, dopamine receptors of postsynaptic
neurons are upregulated.? In the striatum of PD model mice,
compensatory synthesis of dopamine by nondopaminergic
neurons was observed.*® These compensatory mechanisms
have a possibility to have contributed to the effect of dop-
aminergic medication in the de novo patients who required
smaller LED to improve motor function as follows. Such
patients are speculated to have larger endogenous dopamine
and/or grater compensatory mechanisms, and their baseline
dopaminergic titers are speculated to be relatively strong.
Therefore, additional dopaminergic drugs made total dop-
aminergic titer too much and deteriorated executive function
in such patients.

For the chronic medication group patients already
taking dopaminergic drugs, there was a negative correla-
tion between change in the LED and executive improve-
ment. According to the “inverted U-shaped theory,”® the
results of these patients signify that additional medica-
tion increases the total dopaminergic titer too much and
causes a decline in executive function. However, multiple
regression analysis showed that improvement in executive
function did not directly correlate with change in the LED
in the chronic medication group in contrast to the de novo
patients. Therefore, other factors are suggested to contribute
to the change in executive function with the additional LED.
For example, executive impairment in PD is due to a deficit
not only in dopamine, but also in other neurotransmitters.
In PD patients with dementia, donepezil, a cholinesterase
inhibitor, improved executive function.?! In PD patients with
no dementia, executive function improved with atomoxetine,
a selective norepinephrine reuptake inhibitor.>? Based on
these reports, not only dopamine, but also acetylcholine
and norepinephrine modulate executive function. These
neurotransmitters except dopamine may have contributed to
the effects of the medication, but the real contributing factor
is uncertain. Therefore, the effect of dopaminergic drugs on
the executive function in the chronic dopaminergic medica-
tion group was inconsistent, and dopaminergic dependency
of executive function is weaker in the chronic medication
stage than in the de novo stage.

The medication administered to our patients was single
use or combinations of levodopa/carbidopa, levodopa/
benserazide, and dopamine agonists and selegiline. The affin-
ity for the dopamine receptor subtypes differs in these drugs.

In particular, the dopamine D1 receptor affinity varies greatly
depending on the medication. For example, ropinirole and
pramipexole bind poorly to the D1 receptor. In contrast,
the dopamine D2 receptor affinity does not differ so much
according to these drugs.®* A correlation between change in
executive function and change in the LED in the de novo
group was common to all medication types. Therefore, the
change in both executive and motor functions seen in our
present study may be mediated for the most part by D2
receptor effects. Actually the dopamine D2 receptor is the
primary and common target for the anti-Parkinsonian action
of dopamine agonists, because there is a correlation between
the therapeutic concentrations of dopamine agonists and their
D2 receptor affinities.’* Executive function is regulated by
D2 receptor function.?’

We did not consider the body weight of the patients,
because serum and cerebrospinal fluid concentrations and
bioavailability of prescribed drugs differ greatly from patient
to patient. Even if the body weight is calculated, the dose of
given drugs per unit weight is not useful. Our results show
that the executive function of drug-naive patients improves
dose-dependently with dopaminergic medications in clinical
practice.

Conclusion

In de novo PD patients, improvement in executive function
with dopaminergic medication has a direct positive correla-
tion with the LED of the prescribed drugs to treat motor
dysfunction. After the chronic dopaminergic treatment,
correlation between improvement in executive function and
additional dopaminergic medications becomes negative.
However, this negative correlation is not a direct correlation.
Therefore, the effect of dopaminergic medication on execu-
tive function may get relatively weak during the chronic
dopaminergic medication.

Improvement in executive function with initiation/
adjustment of dopaminergic drugs did not correlate with the
simultaneous improvement in the motor function. Execu-
tive function includes dopaminergic mechanisms, but it is
not identical with the dopaminergic mechanism of motor
function.
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