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Figure 1. Alterations in absolute power values (meanszstandard deviations) by stage (of intrahe-

patic fibrosis) for each frequeéncy band at the following 4 time points: before IFN-o treatment, at
2 and 4 weeks of treatinent, and at 2-3 days after conclusion of treatment. Increasing power values
for slow waves (delta, theta 1 and 2) and decreasing power values for alpha 2 and beta waves dur-
ing IFN-0. treatment, in comparison with those before and after IFN-o. treatment, were evident for
all stages. Moreover, alterations in power values became more pronounced as stage increased in all
frequency bands except for alpha 1 and total power values.
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Figure 2. Alterations in absolute power values (means+standard deviations) by grade (of inflam-
matory cell infiltration) for each frequency band at the following 4 time points: before IFN-o treat-
ment, at 2 and 4 weeks of treatment, and at 2-3 days after conclusion of treatment. Increasing
power values for slow waves (delta, theta 1 and 2) and decreasing power values for alpha 2 and
beta waves during IFN-¢. treatment, in comparison with those before and after IFN-o. treatment,
were evident for all grades. Moreover, the alterations in power values became more pronounced
with increase in grade in all frequency bands except for alpha 1 and total power values.
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Table 2. Repeated Measures Analysis of Variances between Alterations in Power Values during
IFN-c. Treatment and Stage (Intrahepatic Fibrosis) or Grade (Inflammatory Cell Infitraion)

Factors

Alteration of power values during IFN-0 treatment (Alteration of power values)
Alteration of power values x Difference of staging scale (Difference in stage)

Alteration of power values = Difference of grading scale (Difference in grade)

Alteration of power values % Frequency bands

Alteration of power values % Electrode location

Alteration of power values = Difference in stage x Frequency bands x Electrode location

Alteration of power values % Difference in grade * Frequency bands « Electrode location

< 0.0001 (F=30.338)
p< 0.0001 (F=14.531)
p<0.0001 (F=12.071)
P<0.0001 (F=48.781)

NS

NS

NS

NS = not significant; x = interaction.

Table 3.

Statistical Comparisons by Post-hoc ANOVA of Alterations in Power Values during IFN-

o Treatment for Each Frequency Band between Stages and Grades

Comparison of stages and grades

Power values ( V)

based on biopsies delta theta 1 theta 2 alpha 1 alpha 2 beta total

Stage mild vs. moderate hd ** * NS NS ** NS
(intrahepatic moederate vs. severe ** ** ** NS * > NS
fibrosis) mild vs. severe * ** s NS * o NS
Grade minimal vs. mild il ¥+ *E NS NS = NS
(inflammatory cell  minimal vs. moderate i ** ** NS * ** NS
infilration) minimal vs. severe ** ** w* NS * ** NS
mild vs. moderate ** ** o NS NS * NS

mild vs. severe ** > i NS * ** NS

moderate vs. severe A »* ** NS * i NS

NS = not significant: *=0.01<p < 0.05 ** =p < 0.01.

versible after completion of the treatment (4). Moreover,
neuropsychiatric complications have been described as diffi-
cult to evaluate following IFN-o. treatment in patients with
chronic viral hepatitis (8). In view of the considerable num-
bers of patients undergoing IFN-o treatment, detailed infor-
mation on the factors affecting EEG alterations due to IFN-
o treatment seems vital for prediction of the appearance of
such adverse effects on brain function following IFN-o
treatment. Patient age was recently identified as one of the
factors involved in such alterations of EEGs during IFN-o
treatment (6). However, no other factors affecting alterations
of the EEG during IFN-« treatment have been reported. The
findings of the present study indicated that severity of hepa-
titis based on liver biopsies is one such factor. However,
there are some statistical limitations to the present study.
Since we evaluated alterations of q-EEG during four differ-
ent periods (pre-treatment, at 2 and 4 weeks of treatment,
and post-treatment), the scales of severity based on liver bi-
opsy findings were handled as continuous variables in rA-
NOVA of present study.

The etiology of this type of encephalopathy remains un-
clear regarding whether it involves direct or indirect toxic
effects on the central nervous system. Several possible indi-
rect mechanisms can be considered. IFN plays a role in the
production of secondary cytokines such as interleukin-1 and
tumor necrosis factor (9). Neuroendocrine hormone altera-
tions may also be induced by IFN. IFN displays structural
and functional similarities to neuroendocrine hormones such

as ACTH (10, 11), and increased cortisol levels have been
observed during IFN treatment. Such metabolic vulnerability
might result in the diffuse slowing of brain waves observed
on the EEG. LC is the most severe stage in Desmet’s classi-
fication. Some degree of asymptomatic hypofunction of the
brain might thus be evident even in patients with CH, as in
patients with LC. Our finding of a significant correlation be-
tween alteration of qEEG during IFN administration and the
severity of liver biopsy findings suggests that the EEG al-
terations observed in the present study might be detected the
brain hypofunction of mild encephalopathy due to IFN in
addition to the some degree of brain hypofunction in the pa-
tients with severe CH.

The diffuse slowing of EEG observed in the present study
was reversible after the completion of treatment (Figs. 1, 2).
This alteration of EEG was thus considered to be an asymp-
tomatic and mild type of encephalopathy. However, the al-
terations of the EEG occurring during IFN-o treatment were
marked in older aged patients and also in those with a high
stage and grade based on liver biopsy findings. These find-
ings suggest that the administration of IFN-ol should be dis-
continued in patients with neuropsychiatric complications
such as depression in the presence of EEG slowing. Serial
EEG monitoring thus appears to be of value in detecting al-
terations of brain function during IFN-o¢ treatment in
chronic viral hepatitis patients, and alterations on serial
EEGs should be carefully monitored in older patients and in
those with severe stage and grade on liver biopsies.
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Fatigue in Japanese Patients with Parkinson’s Disease: A Study
Using Parkinson Fatigue Scale
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Abstract: The objective of this multicenter cross-sectional
study was to determine the prevalence of fatigue and factors
contributing to it in a large sample of Japanese patients
with Parkinson’s disease (PD). We used the 16-item Parkin-
son Fatigue Scale (PFS-16), which was designed to assess
fatigue exclusively associated with PD. We carried out this
study using PFS-16, the Unified Parkinson’s Disease Rating
Scale, Zung’s Self-Rating Depression Scale, Parkinson’s
Disease Sleep Scale (PDSS), and the PD quality of life
(QOL) scale (PDQ-39) by interview using questionnaires
and physical examination by neurologists in 361 nonde-
mented PD patients. Fatigue (an average PFS score of 3.3
or greater) was revealed in 151 patients (41.8%). Multiple

logistic regression analysis indicated that the significant in-
dependent variables related to the presence of fatigue were
the scores of PDSS and PDQ-39. Depression score was not
a significant contributing factor. Our study revealed that the
prevalence of fatigue in Japanese PD patients is as high as
that in Western countries, and that fatigue is a relatively in-
dependent symptom, although sleep disturbance may be
associated with fatigue. Since fatigue is significantly related
to QOL reduction, therapeutic interventions including treat-
ment of sleep disturbance are important. © 2009 Movement
Disorder Society

Key words: Parkinson’s disease; fatigue; sleep disorder;
quality of life

The subjective experience of fatigue is common in
patients with systemic, psychiatric, and neurologic dis-
eases including Parkinson’s disease (PD).! Fatigue has
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been reported in more than 40% of PD patients and its
prevalence is consistently higher than that in age-
matched healthy controls.”” Despite its high preva-
lence, fatigue is still inadequately recognized and
under-diagnosed in terms of its negative impact on
patient’s quality of life (QOL).*® Indeed, Shulman
et al. reported that 42% of PD patients showed evi-
dence of fatigue but only 14% of their treating neurol-
ogists recognized the condition.® They also showed
that physicians were least sensitive to the presence of
fatigue among nonmotor symptoms such as depression.
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The pathogenesis of fatigue remains largely unclear.
It has been considered to be related to other features
such as depression and nocturnal sleep disturb-
ance.'*>71 However, the results of the studies of
contributing factors varied. One of the reasons for this
discrepancy may be, except for the Norwegian studies,
the relatively small number of patients studied. Recent
studies have shown that comorbidities such as depres-
sion may contribute to the experience of fatigue, but
they cannot readily explain the high prevalence of fa-
tigue.>’ For instance, as much as 40% of PD patients
who did not have depression or sleep disturbance also
reported fatigue.3'7‘9

Although there are many instruments assessing fa-
tigue such as the Fatigue Severity Scale (FSS), they
have not been validated in PD and are not PD-spe-
cific.'""'? Recently, Brown et al. have developed the
16-item self-report instrument, Parkinson Fatigue Scale
(PFS-16)."* This scale was designed specifically for
assessing the physical aspects of Parkinsonian fatigue,
and items would have a minimal overlap with other
motor and nonmotor symptoms of PD. The objective
of this multicenter study was to determine the preva-
lence and characteristics of fatigue in a large sample
of Japanese patients with PD using PFS-16 for the first
time. We also examined the predisposing comorbidities
such as depression and sleep disturbance using vali-
dated scales.

PATIENTS AND METHODS

Patient Definitions
A total of 411 consecutive patients with idiopathic

PD, men and women patients beyond the age of 30,

and who agreed to participate in this study were ini-
tially considered eligible. The definition of idiopathic
PD and exclusion criteria are described below. Patients
were evaluated and diagnosed by neurologists special-
izing in movement disorders. This study was carried
out in 11 medical university hospitals (Kanto Parkin-
son Study Group) in the Kanto area of Japan during
the period from January to December 2007. The Kanto
area includes the city of Tokyo, which is called the
metropolitan area. This study group consists of nearly
the same members as those who previously partici-
pated in the studies of the characteristics of sleep dis-
turbances and the correlation of depressive symptoms
with nocturnal disturbances in Japanese PD patients.'*
16 Among the 411 patients, 361 were included in this
study, whereas the remaining 50 patients were
excluded. Among the excluded patients, 21 had comor-

Movement Disorders, Vol. 24, No. 13, 2009

bid disorders such as heart failure, pulmonary diseases,
chronic kidney diseases, cancer, arthritis, anemia, and
other neurological or psychiatric diseases. Twenty-nine
patients were excluded because they had dementia.
Cognitive function and dementia were evaluated by
Mini-Mental State Examination (MMSE), and a score
of less than 24 points was regarded as indicative of de-
mentia.'”® The mean age of the patients was 66.5 =
9.2 years (= SD) and the mean disease duration was
6.6 = 5.1 years.

The diagnosis of idiopathic PD was made according
to the UK Parkinson’s Disease Society Brain Bank
clinical diagnostic criteria.'® PD patients were defined
as having bradykinesia and at least one of the follow-
ing three symptoms: resting tremor, muscular rigidity,
and/or postural instability. On the basis of clinical fea-
tures and neurological findings, we excluded other
forms of parkinsonism that included (1) drug-induced
parkinsonism, (2) vascular parkinsonism, and (3) atypi-
cal parkinsonism such as progressive supranuclear
palsy, parkinsonian type of multiple system atrophy, or
corticobasal degeneration.

Assessments

All the 361 patients underwent the same assess-
ments, including those of their detailed PD history,
drug history, Hoehn and Yahr (H&Y) stage,zo and Uni-
fied Parkinson’s Disease Rating Scale (UPDRS) motor
score.”! The Zung Self-Rating Depression Scale (SDS)
was used for evaluating depression.?> SDS is widely
used as a self-administered psychological test, and a
high score indicates a more severe depression. Several
studies have used SDS to evaluate depression in PD.%
As in our previous studies, Parkinson’s Disease Sleep
Scale (PDSS) was used for evaluating sleep disturban-
ces.”*?* PDSS consists of 15 individual items of sleep
disorders associated with PD (see Appendix), and the
maximum total score for PDSS is 150 (i.e., the patient
is free of symptoms associated sleep disorders). PDSS
enables assessment of nocturnal sleep conditions char-
acteristic of PD. The Japanese version of PDQ-39 (Par-
kinson’s Disease Questionnaire-39) was used for
assessing dysfunction of daily living and QOL.*® The
questionnaire provides scores on eight dimensions: mo-
bility, activities of daily living, emotions, stigma,
social support, cognitions, communication, and bodily
discomfort.??® For the estimation of fatigue, PFS-16
was used."* PFS consists of 16 items (see Appendix),
and for each question, response options were “strongly
disagree,” “disagree,” “do not agree or disagree,”
“agree,” and “strongly agree,” which are scored 1 to
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5, respectively. The overall PFS score was calculated
as the mean response across all items (range, 1.0-5.0).
According to the original paper,’ an average score of
3.3 or greater optimally identified patients who per-
ceived fatigue to be a problem with a sensitivity of
84.7% and a specificity of 82.1%. Therefore, in the
present study, a cutoff point of 3.3 was used to indi-
cate the existence of fatigue.

Although PFS was designed to assess fatigue in PD
patients, we collected data from control subjects. We
recruited 100 age-matched, nondemented control sub-
jects from patients’ spouses or relatives.

Statistical Analysis

SPSS software version 15.0 (SPSS, Chicago, IL)
was used for analysis. The level of statistical signifi-
cance in this study was defined as 0.05.

Assessment of Differences in All Variables Between
Patients With and Without Fatigue

Fisher’s exact probability test was employed for esti-
mating the difference in sex between patients with and
without fatigue and for comparing the frequency of
levodopa (t-dopa) administration. Mann-Whitney’s U
test was performned to estimate the differences in M-
values between the two groups in terms of age at
assessment, duration of the disease, H&Y stage, and
UPDRS motor, SDS, PDQ-39, PDSS, and MMSE
scores. Correlations between the PFS scores and clini-
cal characteristics were assessed by Spearman’s rank
order correlation coefficient.

Multiple Logistic Regression Analysis of
Predisposing Factors for Fatigue in PD

Multiple logistic regression analysis was employed
to assess the predisposing factors for fatigue in PD. A
dichotomous dependent variable of fatigne was
assigned a value of 0 when the mean 16-item PFS
score was less than 3.3, and 1 when the score was 3.3
or greater. The independent variables were (1) age at
assessment (years; real number), (2) duration of the
disease (years; real number), (3) score of part III
(motor examination) of the UPDRS (real number), (4)
score of SDS (real number), (5) score of PDSS (real
number), (6) score of PDQ-39 (real number), and (7)
administration of L-dopa (no = 0, yes = 1). Moreover,
multiple logistic regression analysis including that of
the scores of individual items of PDSS as independent
variables was carried out. In addition, multiple logistic
regression analysis including that of the scores of eight

dimensions of PDQ-39 as independent variables was
also performed.

RESULTS

The demographic and clinical features of the groups
of patients that were separated by score of 3.3 on the
PES are summarized in Table 1. The 361 PD patients
included 166 men and 195 women [mean age at this
assessment, 66.5 years (range, 34-90), with a mean
disease duration of 6.5 years (range, 0.5-32)]. Fatigue,
defined by a mean PFS score of 3.3 or greater, was
revealed in 151 patients studied (41.8%). Among the
100 control subjects (mean age 66.1 years, range 42—
85), the mean PFS score was 1.84 (SD 0.74). Only 5
subjects (5%) revealed a PFS score of 3.3 or greater.
Since the mean score + 2SD in controls was 3.32, the
cutoff score of 3.3 determined by Brown et al."”® seems
reasonable.

Differences in All Variables Between Patients With
and Without Fatigue

The differences in all variables between the patients
with and without fatigue are summarized in Table 1.
The mean duration of the disease, H&Y stage, and the
scores of UPDRS motor examination, SDS, and PDQ-
39 were higher in the patients with fatigue than in
those without fatigue. The score of PDSS was signifi-
cantly lower (worse) in the patients with fatigue. The
frequency of 1-dopa administration and the mean dos-
age of L-dopa were higher in the patients with fatigue.
Significant correlations were found between PFS scores

TABLE 1. Demographic and clinical characteristics

of patients

Without fatigue ~ With fatigue

(PFS < 3.3) (PFS 23.3)
(n = 210) (n = 151) P value
Age, yr (SD) 65.9 (8.9) 67.7 (94 0.049
Sex, male (%) 43% 50% 0.241
Duration, yr (SD) 54 (4.3) 8.2 (5.8) <0.001
H&Y, on (SD) 2.1(0.7) 2707 <0.001
H&Y, off (SD) 23 (09) 3.1 (0.9) <0.001
UPDRS, motor (SD) 193 9.1 253 (9.4) <0.001
SDS (SD) 41.0 (8.5) 47.9 (8.8) <0.001
PDQ-39 (SD) 32.8 (24.0) 68.8 (26.7) <0.001
PDSS (SD) 123.6 (19.7) 99.2 (26.6) <0.001
MMSE (SD) 28.2 (1.9) 279 2.0) 0.143
Levodopa (%) 64% 89% <0.001

H&Y, Hoehn and Yahr; UPDRS, Unified Parkinson’s Disease Rat-
ing Scale; SDS, Self-rating Depression Scale; PDQ-39, Parkinson’s
Disease Questionnaire; PDSS, Parkinson’s Disease Sleep Scale;
MMSE, Mini-Mental State Examination; Levodopa, Administration
of levodopa.

Movement Disorders, Vol. 24, No. 13, 2009
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TABLE 2. Correlations between the PFS scores and clinical
characteristics of the patients

Spearman’s rank-order

correlation coefficient P value
Age, yr 0.124 0.014
Duration, yr 0.305 <0.001
H&Y, on 0.409 <0.001
H&Y, off 0.422 <0.001
UPDRS, motor 0.339 <0.001
SDS 0.450 <0.001
PDQ-39 0.667 <0.001
PDSS ~(.489 <0.001
MMSE ~0.118 0.021

Correlations was assessed by Spearman’s rank-order correlation
coefficient.

PFS, Parkinson Fatigue Scale; H&Y, Hoehn and Yahr stage;
UPDRS, Unified Parkinson’s Disease Rating Scale; SDS, Self-rating
Depression Scale; PDQ-39, Parkinson’s Disease Questionnaire;
PDSS, Parkinson’s Disease Sleep Scale; MMSE, Mini Mental State
Examination.

and clinical characteristics (i.e., age at assessment, du-
ration of the disease, H&Y stage, UPDRS motor, SDS,
PDQ-39, PDSS, and MMSE scores), as shown in Table
2.

Independent Variables Related to Presence of
Fatigue in PD

The results of multiple logistic regression analysis in
relation to fatigue (Table 3) indicated that the signifi-
cant independent variables related to the presence of
fatigue in PD were sleep disturbance, as measured by
PDSS [odds ratio = 0.979 (95% CIL 0.967-0.991),
P = 0.001], and reduced quality of life (PDQ-39)
[odds ratio = 1.037 (95% CI. 1.024-1.051), P <
0.001]. Other factors, including duration of the disease,
depression (SDS), motor function evaluated by UPDRS
part 111, and administration of L-dopa, were not signifi-
cant. The H&Y stage was also not a significant inde-
pendent variable related to the presence of fatigue as
determined by multiple logistic regression analysis,
when the H&Y stage was entered to this model instead
of the score of UPDRS part IIL.

When multiple logistic regression analysis was
employed to assess individual items in PDSS together
with the above seven variables, sleep refreshment
(Item 14) [odds ratio = 0.859 (95% CI: 0.778-0.950),
P = 0.003] and urinary incontinence due to nocturnal
“off” symptoms (Item 9) [odds ratio = 1.194 (95%
CI: 1.033-1.381), P = 0.017] were the significant con-
tributing factors. Muitiple logistic regression analysis
assessing each of the eight dimensions of PDQ-39 as
independent variables showed that scores for mobility

Movement Disorders, Vol. 24, No. 13, 2009

[odds ratic = 1.074 (95% CL 1.035-1.114), P <
0.001] and cognition [odds ratio = 1.134 (95% CI:
1.009-1.275), P = 0.034] predicted the PFS scores.

DISCUSSION

The present study showed that excessive fatigue, as
assessed by the PD-specific instrument PFS-16, was
experienced in 41% of Japanesc patients with PD. In
contrast, the prevalence of problematic fatigue in age-
matched control subjects was quite low when deter-
mined using this scale.

In 1993, two studies of fatigue in PD were pub-
lished. Friedman and Friedman used a questionnaire
to examine fatigue in 51 PD patients visiting a PD
clinic.! They showed a high mean score of FSS com-
parable to that in muitiple sclerosis. van Hilten et al.
studied the prevalence of fatigue in 90 nondepressed
PD patients, and excessive daytime fatigue was
reported by 43% of the patients.” Karlsen et al. found
that 44% of 233 Norwegian PD patients in commu-
nity-based population reported fatigue.® Shulman et al.
reported that 40% of 99 nondemented PD patients suf-
fered from fatigue.®? Recently, fatigue has been inves-
tigated in a cohort of previously untreated patients
with early PD enrolled in the Earlier vs. Later Levo-
dopa (ELLDOPA) clinical trial?® In the study, 128 of
349 patients (37%) were classified as fatigued at base-
line, and the prevalence increased to 50% by week
42 Our findings confirm the high prevalence of
fatigue in PD patients in previous studies in Western
countries.

A previous study showed that the duration of the
disease, disease severity (UPDRS motor score and
H&Y stage), depression, and L-dopa dose are associ-
ated with fatigue by bivariate analyses.®> These results
are consistent with our results. In addition, we found
that the degree of sleep disturbance and reduced QOL

TABLE 3. Results of multiple logistic regression analysis in
relation to fatigue

Odds ratio 95% CI P value
Age 1.016 0.985-1.495 0.295
Duration 0.991 0.934-1.051 0.757
UPDRS motor 1.010 0.977-1.044 0.550
SDS 1.029 0.992-1.067 0.121
PDSS 0.979 0.967-0.991 0.001
PDQ-39 1.037 1.024-1.051 <0.001
Levodopa 1.895 0.892-4.022 0.096

UPDRS, Unified Parkinson’s Disease Rating Scale; SDS, Self-rat-
ing Depression Scale: PDQ-39, Parkinson’s Disease Questionnaire;
PDSS, Parkinson’s Disease Sleep Scale; Levodopa, administration of
levodopa.
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are associated factors. However, because PD is a
slowly progressive disorder, the interpretation as to
which variables are actually contributing to fatigue is
difficult. For instance, patients with longer disease du-
ration may have severer disability, more depressive
symptoms, and taking higher doses of antiparkinsonian
medications. We therefore evaluated the comelated fac-
tors for fatigue by multiple logistic regression analysis
including the above-mentioned factors as independent
variables. The resuits obtained revealed that only sleep
disturbance and reduced QOL were significant
independent variables, whereas the duration and sever-
ity of the disease and depressive symptoms was not
significant.

Sleep disturbance and excessive daytime sleepiness
(EDS) are frequent problems associated with PD. In
our previous Japanese study using PDSS, PD patients
had more severe sleep disorders than control subjects,
and EDS correlated significantly with disease sever-
ity."*"® We did not investigate fatigue at that time.
Although association between fatigue and sleep dis-
turbance has been suggested, there have been no
reports showing that sleep disturbance is a statistically
significant determinant of PD fatigue after adjusting
confounding factors. Only Alves et al. showed that
EDS, but not nocturnal sleep disturbance, is associated
with fatigue, as determined using a multiple logistic
regression model. Therefore, our study is the first to
show a significant correlation of fatigue with sleep dis-
turbance, as evaluated by a PD-specific sleep scale,
using multiple logistic regression analysis.

When multiple logistic regression analysis was per-
formed including all individual items of PDSS, fatigue
was significantly related to sleep refreshment (ltem
14) and nocturnal incontinence due to off symptoms
(Item 9). EDS (Item 15) was not significant. It is rea-
sonable that disturbance of sleep refreshment (feeling
tired and sleepy after waking up) significantly corre-
lated with fatigue because of the overlapping of symp-
toms. Our data may suggest that patients having
fatigue feel tiredness even in the morning. This is
consistent with the results of the study by van Hilten
et al., in that most patients complaining of excessive
fatigue did not report a preferential time for fatigue
(morning, afternoon, or evening), although EDS
showed a clear diurnal patiern with a peak in the
early afternoon.”

The present study failed to show a significant correla-
tion of depression with fatigne by multiple logistic
regression analysis. Although several studies showed
associations between depression and fatigue in PD
pz\tierlts,"3’8 there are also many patients with fatigue

but not depression.3'7 Indeed, Karlsen et al. showed that
44.2% of 233 PD patients reported fatigue, but about the
same percentage (43.5%) of patients who did not have
depression and dementia also reported fatigue.® There-
fore, to date, fatigue is considered a rather independent
symptom, but may overlap with depressive symptoms.’

In this study, we also demonstrated that fatigue sig-
nificantly contributed to poor QOL. This result is in
line with the previous Norwegian study by Herlofson
and Larsen.’ They assessed fatigue using FSS in 66
nondemented, nondepressed PD, and evalunated QOL
using PDQ-39 and the Short-Form 36. Patients with fa-
tigue reported more distress in the dimensions of emo-
tional well-being, mobility, and PDQ summary index.
Our results also showed that PDQ total score and score
for mobility were significantly associated with fatigue.
It is interesting that self-rated subjective mobility
restriction significantly correlated with fatigue, whereas
motor dysfunction objectively evaluated by UPDRS
part TI or H&Y stage did not when multiple logistic
regression analysis was employed. These findings sug-
gest that the presence of fatigue markedly affects the
QOL of PD patients. It is therefore particularly impor-
tant to provide optimal treatment and care to PD
patients with fatigue. Recently, a randomized, double-
blind, placebo-controlled trial showed the effectiveness
of methylphenidate for fatigue in PD.® In addition, the
ELLDOPA study showed that ievodopa might prevent
the progression of fatigue in early and untreated PD
over the 42 weeks of follow-up.*® Further well-
designed studies are necessary to develop more effec-
tive treatments for fatigue in PD.
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APPENDIX

Parkinson Fatigue Scale (From Brown et al.)

. T have to rest during the day.

. My life is restricted by fatigue.

. T get tired more quickly than other people I know.
. Fatigue is one of my three worst symptoms.

. I feel completely exhausted.

. Fatigue makes me reluctant to socialize.

. Because of fatigue it takes me longer to get things

done.

. T have a feeling of “heaviness.”

. If T was not so tired I could do more things.
10.
11.
12.
13.

Everything I do is an effort.

I lack energy for much of the time.

1 feel totally drained.

Fatigue makes it difficult for me to cope with
everyday activities.

I feel tired even when I have not done anything.
Because of fatigue I do less in my day than I
would like.

1 get so tired T want to lie down wherever I am.

Parkinson’s Disease Sleep Scale
(From Chaudhuri et al.)

. The overall quality of your night’s sleep is.

. Do you have difficulty falling asleep each night?

. Do you have difficulty staying asleep?

. Do you have restlessness of legs or arms at night?
. Do you fidget in bed?

. Do you suffer from distressing dreams at night?

. Do you suffer from distressing hallucination at

night (seeing or hearing things that you are told do
not exist)?

. Do you get up at night to pass urine?
. Do you have incontinence of urine because you

are unable to move due to “off” symptoms?

Do you experience numbness or tingling of your
arms or legs that wake you from sleep at night?
Do you have painful muscle cramps in your arms
or legs whilst sleeping at night?

Do you wake early in the morning with painful
posturing of arms or legs?

On waking do you experience tremor?

Do you feel tired and sleepy after waking in the
morning?

Have you unexpectedly fallen asleep during the
day?

For question 1: Awful = 0, Excellent = 10. For question

15:

Frequently = 0, Never = 10. For the remainder of the

questions: Always = 0, Never = 10.
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ORIGINAL ARTICLE

The Relationship Between Slowing EEGs and the Progression of
Parkinson’s Disease

Akihiko Morita, Satoshi Kamei, Kan Serizawa, and Tomohiko Mizutani

Abstract: The previous association study confirmed that diffuse slowing of
EEGs was present in Parkinson’s disease (PD), demonstrated with the use of
the quantitative EEG technique. This study was the first to assess the
relationship between progression of PD and quantitative EEG. A total of 106
patients with PD with a mean Hoehn-Yahr stage of 2.73 were serially
enrolled. Lack of ischemic lesions was confirmed in all patients by magnetic
resonance imaging. Absolute power values were measured for four fre-
quency bands from delta to beta. The electrodes were divided among six
locations: frontal pole, frontal, central, parietal, temporal, and occipital
locations. Spectral ratio was calculated as the sum of power values for the
alpha and beta waves divided by the sum values for the slow waves. The
relationship between the progression of PD and spectral ratio was assessed
by the Jonckheere-Terpstra trend test. At all electrode locations, spectral ratio
significantly decreased with progression of Hoehn-Yahr stage (frontal pole,
P = 0.007; frontal, P = 0.005; central, P = 0.031; parietal, P = 0.017;
temporal, P = 0.005; occipital, P = 0.010). This shows that the slowing of
EEGs became more obvious with PD progression.

Key Words: Parkinson’s disease, Quantitative EEG, Electrode distribution,
Hoehn-Yahr stage.

(J Clin Neurophysiol 2009;26: 426-429)

Diffuse and localized slowing of EEGs in patients with Parkin-
son’s disease (PD), as evaluated by visual inspection, has been
described (Neufeld et al., 1988; Yeager et al., 1966). Comparisons of
quantitative EEG (qEEG) analysis between PD patients and age-
adjusted normal control subjects have been reported in only five
studies (Neufeld et al., 1994; Pezard et al., 2001; Primavera et al.,
1992; Soikkeli et al.,, 1991; Tanaka et al., 2000). We recently
reported the results of assessment of the difference in qEEG findings
between PD patients and normal control subjects, using multiple
logistic regression analysis, and confirmed that diffuse slowing of
EEG was present in PD (Serizawa et al., 2008). In this article, it was
described that the significant predictive variables in PD were the
spectral ratios at all electrode locations except for the frontal pole.
Conversely, the relation between the frontal lobe dysfunction and
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PD was widely known, and it was reported that the executive
dysfunction was more obvious with PD progression (Kamei et al.,
2007). However, no study has assessed the relationship between
progression of PD and EEG changes in a quantitative fashion. The
aim of this investigation was to assess the relationship between
progression of PD and gEEG changes.

PATIENTS AND METHODS

Patient Definitions

The subjects comprised 106 consecutive patients who were
diagnosed as having sporadic PD at the Neurology Clinic, Nihon
University Itabashi Hospital during the period from December 2004
to July 2006. The clinical diagnosis of sporadic PD was made
according to the UK PD Brain Bank criteria (Gibb and Lees, 1988).
On the basis of clinical features and neuroradiological findings, we
excluded other forms of parkinsonism including (1) dementia with
Lewy bodies (Geser et al., 2005; McKeith et al., 1996), (2) drug-
induced parkinsonism, (3) vascular parkinsonism, and (4) atypical
parkinsonism with absent or minimal responses to antiparkinsonian
drugs. All patients were scanned for T1- and T2-weighted images,
fluid-attenuated inversion recovery images, and diffusion images
using a cranial magnetic resonance imaging (1.5-T Siemens Mag-
netom Symphony, Munich, Germany). We defined patients without
any intracerebral ischemic changes including even only one asymp-
tomatic lacuna or slight periventricular hyperintensity in accordance
with the reported classification of PVH (Fazekas et al., 1987) on T2
and fluid-attenuated inversion recovery images. At more than 12
months after onset, the subjects had thus showed good responses to
anti-Parkinsonian drugs and did not have a history of visual hallu-
cinations or fluctuation of cognitive ability suggestive of a clinical
diagnosis of dementia with Lewy bodies. At the outset of this study,
patients were assessed on the mini-mental state examination based
on the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition criteria for dementia in accordance with a previously re-
ported study (Burn et al., 2006). These 106 patients with PD were,
therefore, enrolled in this study. Informed written consent for
participation in this study was obtained from each subject according
to a protocol approved by the Institutional Research Review Board
of Nihon University.

Assessments

The EEG recordings and qEEG analysis in this study were
performed as described previously (Kamei et al., 1999, 2002, 2005).
Briefly, the EEG was obtained with each subject in the resting awake
condition with the eyes closed. The EEG was recorded on a
magnetic optical disk from 16 electrode locations according to the
10-20 International system using a digital EEG instrument (Neuro-
fax EEG-1100, Nihon Kohden, Tokyo, Japan). The EEG was refer-
enced to the ipsilateral earlobes. A minimum 60 seconds of qEEG
data were selected visually for each subject and digitized at 200 Hz.
A high-frequency filter was set at 60.0 Hz with the time constant of

426 Journal of Clinical Neurophysiology * Volume 26, Number 6, December 2009

- 562 -



Journal of Clinical Neurophysiology ¢ Volume 26, Number 6, December 2009 Relationship Between Slowing EEGs and the Progression

of PD

0.3 seconds. Thirty or more epochs with a 2.56-seconds duration
were, thus, collected from the subsequent resting period with eyes
closed for gEEG analysis. The procedure used for analysis involved
application of fast Fourier transformation of the collected EEG
signals with a frequency analyzer (QP-220A, Nihon Kohden, Tokyo,
Japan). The frequency ranges were divided into four bands, which
are as follows: delta (1.17-3.91 Hz), theta (4.30-7.81 Hz), alpha
(8.20—-12.89 Hz), and beta (13.28-30.08 Hz). The absolute powers

TABLE 1. Clinical Features of PD Patients
Men (n = 57) Women (n = 49)

Age at assessment (years) 34, 67.9, 71, 87 46, 67.7, 68, 84
Duration from onset (months) 1, 70.6, 60, 228 5, 68.4, 60, 287
Hoehn-Yahr stage (%)

Stage [ 7 2

Stage II 38.6 36.7

Stage 11 36.8 49.0

Stage IV 14.0 6.1

Stage V 35 6.1
Mini-mental state examination 12, 25.0, 26, 30 6, 26.3, 29, 30

Continuous variables were expressed as the minimum, mean, median, and maxi-
mum, whereas categorical variables are expressed as percentages.
n, number of patients; PD, Parkinson’s disease.

TABLE 2. Relationships Between Clinical Features and
Hoehn-Yahr Stage

Age Duration
n (Years) (Months) MMSE
Group 1
Yahr I 45 34,6271, 64, 84 5, 51.36, 48,228 20, 27.39, 27, 30
and II
Group 2
Yahr I 45 50, 70.49, 72, 84 1,71.2, 57, 196 14, 25.69, 27, 30
Group 3
Yahr IV 16 57, 74.50, 75.5, 87 52, 116.44, 84,287 6, 19.79, 19.5, 30
and V
P <0.001* <0.001* 0.001*

Clinical variables (age at assessment, duration from onset, and score on MMSE)
were expressed as the minimum, mean, median, and maximum. Differences of clinical
variables among three groups were examined by the Kruskal Wallis test.

*Statistically significant (P < 0.05).

MMSE, Mini-mental state examination; n, number of patients; Yahr, Hoehn-
Yahr stage.

of each frequency band were calculated at each electrode location in
each subject. The absolute power value was obtained by integrating
the appropriate part of the spectrum.

Statistical Analysis

SPSS software version 15.0 (SPSS Inc., Chicago, IL) was
used for statistical analyses. The Shapiro-Wilk normality test was
used to evaluate whether continuous variables exhibited a normal
distribution. Parametric analysis was applied to normal data,
whereas nonparametric analysis was applied to nonnormal data. The
patients with PD were divided into three groups based on Hoehn-
Yahr staging of PD (Hoehn and Yahr, 1967): group 1 (stage I and
1I), group 2 (stage M), and group 3 (stages IV and V).

This study was based on the analysis of combined data for
absolute power values in the right- and left-sided electrode locations.
The electrodes were divided among six locations as follows: frontal
pole (Fp: Fp, and Fp,), frontal (F: Fs, F,, F,, and Fy), central (C: C4
and C,,), parietal (P: P; and P,)), temporal (T: T, T,, Ts, and Ty), and
occipital (O: O, and O,) locations. For evaluation of slowing of the
gEEG in this study, we calculated the spectral ratio, using the same
method of analysis as in a previously reported assessment of EEG
slowing in Alzheimer’s disease (Lindau et al., 2003). The spectral
ratio is the ratio of the sum of absolute powers in the alpha and fast
frequency bands divided by the sum of absolute powers in the delta
and theta frequency bands.

Differences between the right and left cerebral absolute
power values in the subjects were evaluated by the Wilcoxon
signed-rank test. There were no significant differences in absolute
power values between the right- and left-sided locations in the
patients with PD (P = 0.861). Localization of the alpha band was
assessed by the Friedman test. We performed post hoc tests for the
significance of differences among each of the electrode locations,
using the Wilcoxon signed-rank test for the following combinations
of electrode locations: Fp versus F, Fp versus C, Fp versus P, Fp
versus T, Fp versus O, F versus C, F versus P, F versus T, F versus
0, C versus P, C versus T, C versus O, P versus T, P versus O, and
T versus O (P < 0.0033 each). The relationship between the spectral
ratio in each electrode location and the progression of PD was
assessed using the Jonckheere-Terpstra trend test and Kruskal Wal-
lis test, respectively. We performed post hoc tests for the signifi-
cance of differences, using the Mann-Whitney U test for the follow-
ing combinations of PD groups: group 1 versus group 2, group 1
versus group 3, and group 2 versus group 3 (P < 0.017 each).
Clinical variables (age at assessment, duration from onset, and score
on mini-mental state examination) were expressed as minimum,
mean, median, and maximum. The relationships between these
clinical variables and progression of PD were examined by the

TABLE 3. Ratios of Absolute Power Values in Each Frequency Band and Electrode Location to Total Power Value in 106
Patients With PD

Electrode Location

Fp F C P o T
Frequency Band M = SE %o* M+ SE %o* M %= SE %* M = SE %* M= SE %e* M = SE %*
Delta 0.096 £ 0.005 329 0.063 %0002 255 0.069 %0003 227 0.131 0005 226 0062*0003 235 0.040*0001 228
Theta 0.074 + 0.003 253 0.065=* 0001 262 0077 +0.002 252 0.140=0004 242 0061 £0.002 23.1 0.044 £0.001 250
Alpha 0.058 = 0.002 197 0.060 = 0.001 239 0078 £0.002 257 0.159 *=0.004 27.5 0.079 £0.004 29.8 0.043 =0.001 247
Beta 0.065 + 0.002 22.1 0061 =0.001 245 0080+ 0002 264 0.149=0003 257 0.062+0.002 236 0.048 0001 274

Sum of ratios at each 0.292 = 0.012 100
electrode location

0.250 = 0.005 100 0303 = 0.007 100 0578 =0.016 160 0.265* 0.011 100 0.175 = 0.005 100

*Percentage of absolute power value in each frequency band against sum of power values at each electrode location.
M, mean value; SE, standard error; FP, frontal pole; F, frontal; C, central; P, parietal; T, temporal; O, occipital location; PD, Parkinson’s disease.

Copyright © 2009 by the American Clinical Neurophysiology Society 427
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Kruskal Wallis test. The level of statistical significance for this study
was P = 0.05.

RESULTS

The clinical features of the patients with PD enrolled in this
study are summarized in Table 1. The numbers of patients at each
Hoehn-Yahr stage were as follows: stage I (n = 5, 4.7%), stage 11
(n = 40, 37.7%), stage 11 (n = 45, 42.5%), stage IV (n = 11,
10.4%), and stage V (n = 5, 4.7%). Patients were treated with the
following agents: levodopa (n = 84, 79.2%), dopamine agonists
(n = 68, 64.2%), amantadine (n = 20, 18.9%), monoamine oxidase
inhibitors (n = 25, 23.6%), L-threo-3,4-dihydroxyphenylserine (n =
12, 11.3%), and no medication (n = 7, 6.6%). Age at assessment,
duration from onset, and mini-mental state examination score each
differed significantly among the three groups (Table 2).

The ratios of absolute power values in each frequency band and
at each electrode location to the total absolute power values in the 106
patients are shown in Table 3. Localization of the alpha band differed
significantly among electrode locations (P < 0.001). Post hoc testing
revealed significant differences between the following electrode loca-
tions: Fp versus C (P < 0.001), Fp versus P (P < 0.001), Fp versus O
(P = 0.001), Fp versus T (P < 0.001), F versus C (P < 0.001), F versus
P (P < 0.001), F versus T (P < 0.001), C versus T (P < 0.001), P
versus T (P < 0.001), and T versus O (P < 0.001).

The spectral ratios in each electrode location exhibited a signif-
icant decrease with progression of PD (Table 4). The P values for
electrode locations were as follows: P = 0.007 (Fp), P = 0.005 (F),
P = 0.031 (C), P = 0.017 (P), P = 0.005 (T), and P = 0.010 (O).

At all electrode locations except C, a significant difference
was found among the three groups: groups 1, 2, and 3. The P value
for electrode locations were as follows: P = 0.017 (Fp), P = 0.013
(F), P = 0.059 (C), P = 0.041 (P), P = 0.008 (T), and P = 0.010
(0). Post hoc testing revealed significant differences between groups
1 and 3 at the following electrode locations: Fp, F, T, and O (with
P values of 0.006, 0.004, 0.003, and 0.002, respectively).

DISCUSSION

There were only two large-scale studies in patients with PD
about EEG abnormalities based on its visual estimates (Neufeld et
al., 1988; Yeager et al., 1966). Yeager et al. reported that 36.3% of
223 patients with PD exhibited abnormal findings on EEG, which
consisted of diffuse slowing, localized slowing, or both. Neufeld et
al. also found that mild slowing on EEG was present in 34% of 128
patients with PD. Recently, several investigations of gEEG in PD
have featured comparisons with aged control subjects (Primavera et
al., 1992; Soikkeli et al., 1991; Tanaka et al., 2000), and revealed
slowing of EEGs in PD. Because slowing of EEGs has also been
reported in patients with vascular parkinsonism (Zijimans et al,,
1998), we suspected that the presence of intracerebral ischemic
lesions in our subjects might influence qEEG findings. Patients with
intracerebral ischemic lesions as assessed by magnetic resonance
imaging were, therefore, excluded from this study.

To the best of our knowledge, this study was the first to
confirm slowing of EEGs in each electrode location. This slowing of
EEG exhibits a significant correlation with progression of Hoehn-
Yahr Stage in PD. Neufeld et al. reported that relative alpha
amplitude in several individual electrodes was unrelated to motor
disability as measured by the qEEG technique (Neufeld et al., 1994).
However, the number of subjects in their study was limited to 20,
making it difficult to definitively assess the relationship between
slowing of the EEG and motor disability in PD.

The relationship between slowing of the EEG and cognitive
impairment in PD was reported by Caviness et al (2007). They
divided 66 patients with PD into three groups: PD-cognitively
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normal (n = 42), PD-mild cognitive impairment (n = 16) (Petersen
et al., 1999), and PD-dementia patients (n = 8) (McKeith et al,,
1996), and they assessed differences in dominant posterior back-
ground thythm frequency. A significant correlation was demon-
strated between cognitive status and dominant posterior background
rhythm frequency.

In our study, mini-mental state examination score signifi-
cantly decreased with progression of PD. Progression of Hoehn-
Yahr Stage and Unified Parkinson’s Disease Rating Scale score
(Fahn et al., 1987) in PD was reported to be related to the progres-
sion of cognitive impairment (Riedel et al., 2008). Caviness et al
also reported that the correlation coefficient was 0.47 (P < 0.001)
between Unified Parkinson’s Disease Rating Scale motor score and
the three groups: PD-cognitively normal, PD-mild cognitive impair-
ment, and PD-dementia patients (Caviness et al., 2007).

According to the concept of PD progression of Braak et al.
(2004), components of the autonomic, limbic, and somatomotor
systems become damaged as the disease advances. In Braak et al.’s
PD stages 3 to 4 of the pathologic process, the substantia nigra and
other regions of nuclear gray matter in the midbrain and forebrain
become the focus of initially slight and then severe pathologic
changes. At this point, most individuals probably cross the threshold
to the symptomatic phase of illness. In Braak et al.’s PD stages 5 to
6, the pathologic process comes to involve the neocortex in diffuse
fashion, and the disease is manifested in all of its clinical dimen-
sions. The progression of diffuse slowing of EEGs in PD patients
observed in this study seems to be consistent with Braak et al.’s
concept of progression in PD.

In conclusion, this study was, to our knowledge, the first to
assess the relationship between the progression of PD Hoehn-Yahr
stages and the degree of slowing of EEG measured by qEEG. We
demonstrated that slowing of the EEG in each electrode showed a
significant correlation with progression of PD. This finding seems
consistent with Braak et al.’s concept of the progression of PD.
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SR I B W TS FLAIR - IEECGERAE 0
EHRFE BRI R 2 DY, RESMEEE COHEE
MEMBRFE OSSR OMHAIE NS,

SIERICIET 7 F LSS 3 HCRESRIY,
B TNF-o ' EEER L7z, BEEE,S 3 H
TTAPABRENBR S L i3E 210, B0
FARIZRMEFNE (acute seizure) L ERZ HRETH 5.
BRI X B ANRIEOBYER T TNF-o R ER
FHICTYhABRBELZHET S L8P o T
2900 & 2 GO O TNF-o 3 K X 5 2%
EEERILBESTHEERZLN, SHEO IEFMTI
AU PREOFRKIEC INFa P BE L%
%, ¥7- TNF-o I Z&EE T AMPA 2 X 5 H#EHlan
REFEUELBD VY, ¥ F 7T A0 AMPA %84 %
BN & ¥ GABAL S B EFRDP &40, TNFo

transgenic mice AAEEEZ R I T L IR B T LA
BEINTWDY, 20 &) 24FED S TNF-o 132418
BERBILBICBWTD, HAICHREEE2 S
¥, TADPABEMERICES LIzWTEYD 5 LHEE
aha,

JEFI 1 - 3 TIEFREITE T MBass5§ 5 IL-10 2388
TP CIEMETH Y, FEN T HROBESET LT
BT ERARBLTWD (R3)Y. T4bb, MEHET
Mg X 2 HORGE THROMHIPSET LTS
722, BOREMFISHE, A v IV T 7F
BRI - TiEEEDH L (H4). 4 7 HD
7 F & B EHORIENRITERPEED ARSI T,
FOBDOT I F U EHEDY) A7 ST 5 720H
B THlO<A Y —BIRZT TH 5D FoxP3 %z & Ol
EVFLEPD LRGP,
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