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Abstract

Background: Fatigue is a common nonmotor symptom of Parkinson’s disease

(PD). Although the causes of fatigue were estimated in the previous reports,

fatigue is not fully understood. To determine the frequency of and factors

related to fatigue in patients with PD, we carried out clinical assessments in

our university hospital. Methods: We used the Japanese version of the Parkin-

son Fatigue Scale (J-PFS). The J-PFS was administered to 110 patients with PD,

and a cutoff point of 3.3 was used for the diagnosis of fatigue. Subsequently,

demographic characteristics, clinical features, and medications utilized were

evaluated to elucidate the factors related to fatigue. In particular, we focused on

the relationship between fatigue and gait disorder assessed via the portable gait

rhythmogram. Results: The frequency of fatigue in patients with PD was

52.7%. Univariate analysis revealed that factors significantly associated with fati-

gue were many motor symptoms and nonmotor symptoms. In addition, multi-

variate analysis revealed that gait disorder and constipation were independent

factors related to fatigue. Furthermore, short-step walking and bradykinesia in

gait disorder had especially a relationship with fatigue. Conclusions: More than

half of our patients were judged having fatigue. Several factors, including motor

and nonmotor symptoms, might be related to fatigue in patients with PD.

Introduction

Background

Recently, nonmotor symptoms in patients with Parkinson’s

disease (PD) have attracted attention. These nonmotor

symptoms affect quality of life, institutionalization, and

health care costs. Fatigue is one of the nonmotor symptoms

of PD, and it might be critical for patient’s quality of life.

More than half of the patients with PD think that fatigue is

one of the three most difficult symptoms (Friedman and

Friedman 1993). Nevertheless, fatigue in patients with PD

is not commonly identified in the clinical setting. Although

the causes of fatigue were estimated in the previous reports,

fatigue is not fully understood. In the past, fatigue patho-

physiology was discussed, but it was not well characterized.

Therefore, the causes of fatigue are divided into several

symptoms (Kluger et al. 2013).

The taxonomies of fatigue

The taxonomies of fatigue vary; in one, fatigue is divided

into peripheral fatigue and central fatigue (Chanudhuri

and Behan 2000). According to this taxonomy, the fati-

gue of PD is included in central fatigue. Central fatigue

is defined as the failure to initiate and/or sustain atten-

tional tasks and physical activities requiring self motiva-

tion. In contrast, peripheral fatigue is fatigue from

exercise or physical activity, and is defined as the inabil-

ity in sustaining a specific force or work rate. In another

system, fatigue is divided into mental fatigue and physi-

cal fatigue (Okuma 2012). With this classification, it was
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reported that both mental fatigue and physical fatigue

were related to fatigue in patients with PD (Lou et al.

2001).

Purpose

In this study, we analyzed fatigue in patients with PD,

and to determine the frequency of fatigue and factors

related to fatigue in PD, we evaluated clinical features,

such as demographic characteristics, motor symptoms,

nonmotor symptoms, and medications. In particular, we

focused on the relationship between fatigue and gait dis-

order. Gait disorder is one of the most well-known motor

symptoms of PD, and it decreases patient’s quality of life,

but it has not been studied in relation to fatigue fully. In

this study, we assessed gait via the portable gait rhythmo-

gram (Mitoma et al. 2010), we evaluated gait from several

points of view, and we investigated its relationship with

fatigue.

Methods

Subjects

The subjects for this study comprised of 110 patients

diagnosed with idiopathic PD in the Department of

Neurology at Tottori University Hospital between April

2011 and December 2011. The clinical diagnosis of PD

was based on the UK PD Society Brain Bank criteria

(Gibb and Lees 1988). PD patients diagnosed with

dementia according to PD dementia criteria of Move-

ment Disorder Society were excluded beforehand (Poewe

et al. 2008).

Diagnosis of fatigue

We used the Japanese version of the Parkinson Fatigue

Scale (J-PFS), which was derived from the Parkinson Fati-

gue Scale (PFS) in the UK (Okuma et al. 2009). The PFS

was the first questionnaire developed for evaluating fati-

gue in patients with PD, and it consists of 16 items

(Brown et al. 2005). Response options were “strongly dis-

agree,” “disagree,” “do not agree or disagree,” “agree,”

“strongly agree,” which were scored 1 to 5, respectively.

The overall PFS score was calculated as the mean

response across all items (range, 1.0–5.0) and the cutoff

point of 3.3 was used for the diagnosis of fatigue (an

average score of 3.3 or greater indicates the existence of

fatigue) (Okuma et al. 2009). The PFS is available in sev-

eral languages and is used in other countries (Kummer

et al. 2011; Hagell et al. 2012). The utility of the J-PFS

for fatigue was reported in patients with PD (Okuma

2012).

Demographic characteristics, clinical
features, and medications utilized

We analyzed the demographic and clinical characteristics of

each group, including sex, age, age of disease onset defined

from medical interviews, PD duration, degree of severity of

motor symptoms, nonmotor symptoms (depression, apa-

thy, sleep disturbance, excessive daytime sleepiness, REM

sleep behavior disorder [RBD], restless leg syndrome

[RLS], orthostatic hypotension, constipation, visual hallu-

cinations, and olfactory dysfunction), medications (total

levodopa equivalent dose [LEDs], levodopa, pramipexole,

ropinirole, selegiline, and amantadine), and the heart-

mediastinum (H/M) ratio of 123I-meta-iodobezylguanidine

(MIBG) myocardial scintigraphy (Wada-Isoe et al. 2007).

We estimated motor symptoms by using the Hoehn–Yahr
stage. Nonmotor symptoms were evaluated via question-

naires, including the Geriatric Depression Scale-15 (GDS-

15) (Niino et al. 1991), the Apathy Scale (AS) (Okada et al.

1998), the Pittsburgh Sleep Quality Index (PSQI) (Buysse

et al. 2003), the Japanese version of the Epworth Sleepiness

Scale (JESS) (Takegami et al. 2009), and the REM Sleep

Behavior Disorder Screening Questionnaire (RBDSQ) (Sti-

asny-Kolster et al. 2007). The GDS-15 has been validated

for the diagnosis of depression, the AS for apathy, the PSQI

for poor sleep, the JESS for excessive daytime sleepiness,

and the RBDSQ for RBD. RLS was evaluated using the

diagnostic criteria of the International RLS Study Group

(Allem et al. 2003). Patients were assessed from medical

interviews as positive or negative for orthostatic hypoten-

sion, constipation, visual hallucinations, and olfactory dys-

function.

We assessed gait as motor symptoms via the portable

gait rhythmogram. The portable gait rhythmogram is a

small device that measures the acceleration in trunk

movements caused by step-in and kickoff in three dimen-

sions, using accelerometers (Mitoma et al. 2010). It is

attached to the patient’s waist to evaluate gait for 10 m.

The results do not include freezing of gait, since patients

actually walk another 2 m before and after the 10 m. We

focused on gait acceleration, gait speed, and step length

in PD patients. Gait acceleration is the index proportional

to floor reaction forces whose unit was measured via

G/100 (G: gravity = 9.8 m/s2) and the most important

end point.

Statistical analysis

Data analysis was conducted with SPSS for Windows,

version 18 (Chicago, IL). The results are presented as

medians � interquartiles range. In univariate analyses, in-

tergroup differences were analyzed with a Mann–Whitney

U-test, and categorical variances were examined with a v2
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test. Correlation analyses were conducted with the Spear-

man’s correlation test. Multivariate analyses were per-

formed via logistic regression analysis. We used the step-

wise forward method, and the variables which had statis-

tical significance in univariate analyses were chosen.

Regarding gait, we selected gait acceleration because it

was the most important end point, and we did not

include gait speed and step length because of multicollin-

earity problems. The goodness-of-fit of the final model

was tested by the Hosmer–Lemeshow method. We used a

level of 95% (P < 0.05) as the criterion for statistical sig-

nificance.

This study was planned and conducted in accordance

with the Declaration of Helsinki. The Ethics Committee

of the Tottori University Faculty of Medicine approved

the study prior to its implementation.

Results

Frequency of fatigue

We were able to administer the J-PFS and to determine

the demographic characteristics, clinical features (except

for gait), and medications utilized for all 110 PD

patients.

The frequency of fatigue was 52.7% (males: 55.1% PD

duration 10.0 � 5.0 years, females: 50.8% PD duration

8.0 � 3.0 years).

Table 1. Comparison of patients with PD with and without fatigue diagnosed via the J-PFS.

Variables

Overall

n = 110

Without fatigue

n = 52

With fatigue

n = 58 P-value

J-PFS score 3.2 � 1.0 2.3 � 0.5 4.0 � 0.5

Demographic factors

Male:Female 49:61 22:30 27:31 0.703*

Age (years) 70.0 � 6.5 69.5 � 6.0 72.0 � 7.0 0.256

Age of disease onset (years) 61.5 � 7.0 61.0 � 6.5 63.0 � 8.0 0.592

PD duration (year) 8.0 � 4.5 7.0 � 4.5 8.5 � 4.5 0.147

Motor symptoms

Hoehn–Yahr stage 2.0 � 0.5 2.0 � 0.5 3.0 � 1.0 0.001

Acceleration (gait:G/100)1 24.0 � 7.0 28.0 � 5.5 20.0 � 5.0 0.002

Speed (gait:m/min)1 56.5 � 16.0 65.0 � 16.5 45.0 � 16.5 <0.001

Step length (gait:cm)1 48.5 � 14.5 55.0 � 14.0 38.0 � 14.5 0.001

Nonmotor symptoms

GDS-15 5.0 � 2.5 5.0 � 1.5 7.0 � 3.0 0.002

AS 17.0 � 4.0 16.0 � 3.5 18.0 � 5.5 0.026

PSQI 6.0 � 2.0 5.5 � 2.5 7.0 � 2.5 0.057

JESS 6.0 � 4.0 5.0 � 2.5 8.0 � 4.0 0.002

RBDSQ 4.0 � 2.0 3.0 � 2.0 4.0 � 2.0 0.040

Restless leg syndrome (n) 14 (13%) 4 (8%) 10 (17%) 0.243*

Orthostatic hypotension (n) 50 (45%) 19 (37%) 31 (53%) 0.087*

Constipation (n) 84 (76%) 34 (65%) 50 (86%) 0.013*

Visual hallucinations (n) 33 (30%) 11 (21%) 22 (38%) 0.063*

Olfactory dysfunction (n) 40 (36%) 16 (31%) 24 (41%) 0.321*

Early H/M ratio (MIBG) 1.58 � 0.21 1.68 � 0.31 1.57 � 0.15 0.330

Delayed H/M ratio (MIBG) 1.42 � 0.28 1.60 � 0.47 1.35 � 0.16 0.192

Medication

Total LEDs (mg) 464 � 173 469 � 189 462 � 157 0.297

Dosage of levodopa (mg) 300 � 100 300 � 100 350 � 100 0.003

Dosage of pramipexole (mg) 1.5 � 1.2 1.0 � 1.0 1.5 � 1.2 0.574

Dosage of ropinirole (mg) 4.5 � 3.5 5.5 � 4.5 3.0 � 2.0 0.356

Dosage of selegiline (mg) 2.5 � 1.5 2.5 � 1.5 3.8 � 1.5 0.843

Dosage of amantadine (mg) 150 � 69 200 � 125 100 � 38 0.210

J-PFS, Japanese version of the Parkinson Fatigue Scale; GDS-15, Geriatric Depression Scale-15; AS, Apathy Scale; PSQI, Pittsburgh Sleep Quality

Index; JESS, Japanese version of the Epworth Sleepiness Scale; RBDSQ, REM Sleep Behavior Disorder Screening Questionnaire; total LEDs, total

levodopa equivalent dose.

Medians � interquartile range.

Mann–Whitney U-test.

*v2 test.
175 patients were able to be assessed (without fatigue:with fatigue = 40:35).
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Demographic features related to fatigue

In univariate analyses, none of the demographic factors,

(gender, age, age of disease onset or PD duration) was

related to fatigue (Table 1). In analyses calculated via

Spearman’s correlation test, PD duration was only corre-

lated with the J-PFS score (Table 2).

Motor symptoms related to fatigue

In univariate analyses, the severity of Hoehn–Yahr stage,

decreased gait acceleration, reduced gait speed, and short-

step length were all related to fatigue (Table 1). Of the

110 patients with PD, 75 were able to be assessed for gait

via the portable gait rhythmogram. We could not assess

35 patients either because they could not walk by them-

selves or because we could not contact some of them.

The 35 patients who could not be assessed for gait were

older and have worse motor function than the 75 patients

who could be assessed for gait (Table 3). In analyses cal-

culated via Spearman’s correlation test, the severity of

Hoehn–Yahr stage, decreased gait acceleration, reduced

gait speed, and short-step length were also correlated with

the J-PFS score (Table 2).

Nonmotor symptoms related to fatigue

In univariate analyses, depression, apathy, excessive daytime

sleepiness, REM sleep behavior disorder, and constipation

were related to fatigue. The frequencies of sleep disturbance,

orthostatic hypotension, and visual hallucinations in the

patients with fatigue were higher than those patients with-

out fatigue, but the differences did not reach the statistical

significance (Table 1). In analyses calculated via Spearman’s

correlation test, depression, apathy, sleep disturbance,

excessive daytime sleepiness, and REM sleep behavior disor-

der, were correlated with the J-PFS score (Table 2).

Relationship factors of dopamine
replacement therapy with fatigue

In univariate analyses, only the dosage of levodopa was

related to fatigue. Dosages of other medications (LEDs,

pramipexole, ropinirole, selegiline, and amantadine) were

not related to fatigue (Table 1). In analyses calculated via

Spearman’s correlation test, the dosage of levodopa was

also correlated with the J-PFS score, but other medica-

tions were not correlated with fatigue (Table 2).

Results of multivariate analyses

In multivariate analyses of the patients we could assess

for gait, gait acceleration and constipation were found to

be independent factors related to fatigue (Table 4).

Discussion

Frequency of fatigue

We calculated the frequency of fatigue in Japanese patients

with PD, and more than half had fatigue. Previously, the

Table 2. Correlation between the J-PFS and other continuous vari-

ables

Spearman’s q P-value

Demographic factors

Age (years) 0.182 0.057

Age of disease onset (years) 0.074 0.442

PD duration (year) 0.227 0.017

Motor, nonmotor symptoms

Hoehn–Yahr stage 0.325 0.001

Acceleration (gait:G/100)1 �0.281 0.009

Speed (gait:m/min)1 �0.409 <0.001

Step length (gait:cm)1 �0.355 0.001

Early H/M ratio (MIBG) �0.024 0.822

Delayed H/M ratio (MIBG) �0.101 0.353

GDS-15 0.370 <0.001

AS 0.288 0.002

PSQI 0.251 0.008

JESS 0.269 0.004

RBDSQ 0.233 0.014

Medication

Total LEDs (mg) 0.155 0.105

Dosage of levodopa (mg) 0.368 <0.001

Dosage of pramipexole (mg) 0.067 0.708

Dosage of ropinirole (mg) �0.144 0.464

Dosage of selegiline (mg) 0.106 0.511

Dosage of amantadine (mg) �0.244 0.364

J-PFS, Japanese version of the Parkinson Fatigue Scale; GDS-15, Geri-

atric Depression Scale-15; AS, Apathy Scale; PSQI, Pittsburgh Sleep

Quality Index; JESS, Japanese version of the Epworth Sleepiness Scale;

RBDSQ, REM Sleep Behavior Disorder Screening Questionnaire; Total

LEDs, total levodopa equivalent dose.
175 patients were able to be assessed (without fatigue: with

fatigue = 40:35)

Table 3. Comparison of patients who were assessed for gait and

were not.

Assessed for

gait, n = 75

Not assessed for

gait, n = 35 P-value

Male:Female 33:42 16:19 1.0001

Age (years) 69.5 � 5.5 75.0 � 7.0 0.007

Age of disease

onset (years)

60.0 � 6.5 66.0 � 7.0 0.019

PD duration (year) 8.0 � 4.0 8.5 � 5.5 0.608

Hoehn–Yahr stage 2.0 � 0.5 3.0 � 1.0 0.029

Medians � interquartile range.

Mann–Whitney U-test.
1v2 test.
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frequency of fatigue in patients with PD was reported in

various areas, and in many, it ranged from 37% to 56%

(Fabbrini et al. 2013), so the frequency of fatigue in our

patients is similar to that reported in various studies.

Although both physical and mental fatigue are involved in

PD, the PFS takes mainly physical fatigue into account. It

does not account for mental fatigue, so the fatigue of

patients with PD in our study placed a disproportionate

emphasis on physical fatigue (Falup-Pecurariu 2013). Nev-

ertheless, several nonmotor symptoms were related to fati-

gue and evaluated via the J-PFS in this study. From the

results, it is possible that nonmotor symptoms also con-

tribute to fatigue assessed via the J-PFS.

Relative factors of fatigue

Past studies have indicated that many factors, including

depression, excessive daytime sleepiness, sleep distur-

bance, motor symptoms, PD duration, and female gender

are related to fatigue in PD (Karlsen et al. 1999; Alves

et al. 2004; Havlikova et al. 2008; Okuma et al. 2009;

Beiske et al. 2010; Valko et al. 2010; Kummer et al. 2011;

Metta et al. 2011; Van Dijk et al. 2013). In our study,

demographic features, such as gender, age, age of disease

onset, and PD duration had little influence on fatigue.

These results indicate that fatigue does not have the rela-

tion with demographic features. Motor symptoms, such

as Hoehn–Yahr stage, gait acceleration, gait speed, and

step length were related to fatigue. Gait acceleration was

independently related to fatigue in multivariate analysis.

In addition, gait speed and step length were also indepen-

dent relative factors in the multivariate analysis including

gait speed or step length instead of gait acceleration (Sup-

porting information). These results indicated that there is

a close relationship between gait disorder and fatigue.

Although there are some reports describing a relationship

between gait disorder and fatigue in PD patients (Garber

and Friedman 2003; Rochester et al. 2004, 2006; Rahman

et al. 2008), they were not enough because they were not

evaluated as to what kind of gait disorder was related to

fatigue. Gait disorder in patients with PD has several vari-

eties, such as freezing of gait, short-step walking, festina-

tion, bradykinesia, etc. Decreased gait acceleration (floor

reaction forces) was related to these gait disorders and

was the most important end point. In our study, reduced

gait speed and short-step length, as well as decreased gait

acceleration, were related to fatigue, so short-step walking

and bradykinesia as slow gait cycle walking might be

more related to fatigue than festination as fast gait cycle

walking. Nonmotor symptoms, such as depression, apa-

thy, excessive daytime sleepiness, RBD, and constipation,

were related to fatigue. Among them, constipation was an

independent factor related to fatigue. There are some

reports that indicate the relationship between other non-

motor symptoms and fatigue, but the relationship

between constipation and fatigue has not been reported

previously to the best of our knowledge. Therefore, this

may be a new insight about fatigue for PD patients. Auto-

nomic nervous systems might be relative factors with fati-

gue, so we investigated the relationship between fatigue

and MIBG myocardial scintigraphy. MIBG myocardial

scintigraphy was reported to have a relationship with

other nonmotor symptoms, such as olfactory dysfunction

and orthostatic hypotension (Oka et al. 2010; Manabe

et al. 2011), but it was not related to fatigue in this study.

Regarding dopamine replacement therapies, only the dos-

age of levodopa was related to fatigue, whereas total LEDs

was not related. This may be because we could not use

other medications, such as dopamine agonists, easily for

patient with nonmotor symptoms as the medication that

made these symptoms worse (judging from our study,

patients with fatigue were likely to have other nonmotor

symptoms which got worse by other medications, such as

excessive daytime sleepiness, visual hallucination, etc.). In

the previous study, the relationship between fatigue and

levodopa was reported (Schifitto et al. 2008), but there is

not another. These results indicated that medication has

little influence on fatigue in PD patients.

Limitations

There are a few limitations of this study. First, the defini-

tion of fatigue in the patients in our study placed a dis-

proportionate emphasis on physical fatigue, because we

assessed fatigue via the J-PFS. Next, regarding motor

symptoms, the evaluation of patients who could not walk

by themselves was not sufficient, since we assessed the

motor symptoms, except for Hoehn–Yahr stage, via por-

table gait rhythmography. In the gait assessment, we

Table 4. Logistic regression model predicting patients with fatigue

via the J-PFS (n = 75).

b Odds ratio

95% of CI for

odds ratio P-value

Acceleration

(gait:G/100)

�0.106 0.899 0.836–0.968 0.005

Constipation 1.408 4.088 1.174–14.235 0.042

J-PFS, Japanese version of the Parkinson Fatigue Scale; CI, confidence

interval; GDS-15, Geriatric Depression Scale-15; AS, Apathy Scale;

JESS, Japanese version of the Epworth Sleepiness Scale; RBDSQ, REM

Sleep Behavior Disorder Screening Questionnaire.

Nagelkerke R2 0.257, Hosmer–Lemeshow test: v2 test = 4.949,

P = 0.763.

Model contained Hoehn–Yahr stage, gait acceleration, GDS-15, AS,

JESS, RBDSQ, constipation, and dosage of levodopa.
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could not evaluate freezing of gait. Finally, we did not

study a true random sample of patients with PD, since

our study population consisted of only those patients

who visited our hospital.

Conclusion

Many PD patients had fatigue as reported in the past,

and various factors, such as motor symptoms and non-

motor symptoms, were related to fatigue, but it was not

clear which of these symptoms related to fatigue caused

fatigue or if these symptoms occurred from fatigue. How-

ever, these symptoms had no small effect on fatigue, so

we should pay attention to fatigue in clinical settings.
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