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Abstract

Background: Fatigue is a common non-motor symptom in Parkinson’s disease (PD) and is
typically assessed via self-reported questionnaires such as the Parkinson’s Fatigue Scale (PFS).
The PFS captures the presence of subjective experience of physical fatigue as well as its impact
on daily functioning. Objectives: We aimed to investigate whether different variables (cogni-
tion, neuropsychiatric symptoms, disease-related measures) are associated with the experi-
ence of physical fatigue in comparison to fatigue affecting daily functioning. Method: Sixty-
two non-demented PD patients were evaluated through questionnaires assessing fatigue,
daytime sleepiness, apathy, depression, anxiety, and cognition. Items of fatigue were classified
and summarized into two index variables measuring either the subjective experience of phys-
ical fatigue or the impact of fatigue on daily functioning. Linear regression with a stepwise
elimination procedure was conducted to select the significant predictors for each index vari-
able separately. Results: Subjective experience of physical fatigue (Model 1; > = 0.46; p < 0.01)
was significantly associated with higher levels of depression (b = 0.07; p < 0.01), anxiety (b =
0.03; p < 0.05), and lower performances in verbal episodic memory (b = -0.16; p < 0.05). Fa-
tigue affecting daily functioning (Model 2; r* = 0.44; p < 0.05) was significantly related to
higher levels of depression (b = 0.07; p < 0.01), anxiety (b = 0.03; p > 0.05), and lower motor
functioning (b = 0.01; p = 0.05). Conclusions: In conclusion, our work supports associations
between fatigue and other neuropsychiatric symptoms in PD and extends prior work suggest-
ing that motor disturbances are specifically linked to fatigue-related impairment of daily func-

tioning, but not to the subjective experience of physical fatigue. © 2019 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Fatigue is a common non-motor symptom of Parkinson’s disease (PD) with a prevalence
of 50% [1]. Itis considered as one of the most disabling symptoms, having a severe impact on
daily living and the quality of life of affected individuals [2]. Fatigue refers to a subjective
sense of exhaustion [3] and is typically assessed via self-reported questionnaires such as the
Parkinson’s Fatigue Scale (PFS). According to the two-concept model of Mosso [4], fatigue
leads to a limitation of physical and cognitive function caused by an interaction between
exhaustion and perception of fatigue. The PFS captures two effects of fatigue in PD [15] sepa-
rately, i.e., the presence of the subjective experience of fatigue, whereby physical effects of
fatigue are emphasized, and the impact of fatigue on daily functioning and activities, such as
socialization and work. The pathophysiology of fatigue in PD is still unknown. A recent review
[1] found no association between fatigue and motor signs, concluding that fatigue in PD might
be caused by a disruption of non-dopaminergic pathways [1]; however, other studies clearly
show a relationship between fatigue and motor impairments [11].

Besides fatigue, depression [5], anxiety [6] and apathy [7] are highly prevalent in PD.
According to Siciliano et al., all these neuropsychiatric symptoms are associated with each
other [1]. Other studies showed that fatigue can persist in spite of successfully treated
depression, suggesting that the two syndromes are independent [8]. Additionally, fatigue was
found to be influenced by excessive daytime sleepiness (EDS), which is described as unde-
sirable and inappropriate sleepiness during waking hours [9].

Fatigue in non-demented PD patients is associated with cognitive impairment, particu-
larly with executive dysfunction [12] and visuospatial deficits [13]. A study assessing the
association between fatigue and the efficiency of the attention networks, found that the
presence of fatigue is associated with a less efficient executive network [14].

The present study concurrently evaluates the relationship between cognition (verbal
episodic memory, attention, executive function, and visuo-construction), motor signs, neuro-
psychiatric symptoms (apathy, depression, and anxiety) and self-rated fatigue in individuals
with PD. Our aim was to investigate whether different variables are associated with physical
fatigue in comparison to the impact of fatigue on daily functioning. A better understanding of
the possible interaction between different aspects of fatigue could potentially characterize
this disorder more precisely.

Materials and Methods

According to UK Parkinson’s Disease Brain Bank Criteria [16] sixty-five patients with
idiopathic PD were recruited for this study. Exclusion criteria were: dementia (MMSE score
<24), other severe brain disorders, alcohol or drug dependency, age <45 years and/or non
idiopathic PD (n = 2), insufficient knowledge of the German language, or more than 20%
missing data (n = 1). Consequently, the final data set comprised 62 (41 males and 21 females)
subjects. All patients were on dopaminergic medication and were tested in the ON state.

Psychiatric and Neuropsychological Assessment

Fatigue was assessed using a German version of the PFS-16, a questionnaire with 16
items specifically developed for patients with PD [17]. The threshold for clinical significant
fatigue is an average item score of >2.95. Seven items of the scale are related to the presence
ofasubjective experience of fatigue with physical effects (e.g., “I feel totally drained”), whereas
nine items measure the effect of fatigue on daily functioning and activity [15] (e.g., “I get more
tired than other people I know”). Accordingly, the PFS-16 items were assigned to either the
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first index variable, describing the subjective experience of physical fatigue, or the second,
characterizing the effect of fatigue on daily functioning.

The following questionnaires were completed by the patients to assess symptoms of
depression, apathy, anxiety and EDS:

Beck Depression Inventory-II (BDI-II) [18]

Apathy Evaluation Scale (AES-S) [19]

Beck Anxiety Inventory (BAI) [20]

Epworth Sleepiness Scale (ESS) [21]

As part of a comprehensive neuropsychological examination, the following cognitive
domains were of interest for the present study: attention, executive function, verbal episodic
memory, and visuo-construction. Z-scores of test variables (derived from raw scores with
correction for age gender and education [22]) were averaged for each domain. The tests and
their domain attribution were summarized as followed: Attention was measured by alertness
(reaction time, with and without sound, of the computerized Test Battery of Attentional
Performance [TAP] [23]) and the Trail Making Test, part A [24]. Executive function was
measured by the Trail Making Test, part B, and verbal fluency (phonemic [25] and semantic
fluency [26]). Verbal episodic memory was measured by the California Verbal Learning Test
(CVLT) [27]. From the CVLT the following variables were extracted: Total trial 1-5, short-
delay free recall, long-delay free recall, and recognition-discriminability. Visuo-construction
was measured by the Block Design Test [28] and the Rey-Osterrieth Complex Figure copy task
[29].

Neurological Assessment

The severity of motor functioning was assessed by the Unified Parkinson’s Disease Rating
Scale (UPDRS) subscale III. The medication reported was calculated as the levodopa equiv-
alent dosage [30].

Statistical Analyses

For statistical analyses IBM SPSS Statistics for Windows, version 24.0 [31], and R version
3.0.1 [32] were used. Correlation analyses were conducted with both indices of the PFS-16
and all variables of interest using Pearson’s product-moment correlation coefficient or Spear-
man’s rank correlation coefficients, depending on the significance of the Kolmogorov-Smirnov
test.

In anextstep, linear regression models with Akaike information criterion-based stepwise
backwards elimination procedure were applied to select the relevant predictors of physical
fatigue and of fatigue affecting daily functioning. Stepwise elimination procedures were
performed using only significant correlations as potential predictors in accordance with the
results of the correlation analyses.

p values <0.05 were considered as statistically significant.

Results

Twenty-five of the examined patients had an item score higher than 2.95 in the PFS-16,
indicating that 40% of the patients met the criteria of clinically relevant fatigue. Table 1 shows
the properties of the sample.

In Table 2, the correlations between both indices of the PFS-16 and all variables of interest
are shown. Both indices of the PFS-16 correlated positively with higher levels of the motor
subscale in the UPDRS. Regarding the neuropsychiatric measures, higher values of physical
fatigue were correlated with higher scores of apathy, depression, and anxiety (AES-S, BDI-I],
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Table 1. Sample description

Table 2. Correlation coefficients
of the outcome variables of
fatigue with all variables of
interest
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Characteristic Value

Age, years 67.5(34,72)
Education, years 14.5(12,17)
MMSE 29 (28, 30)
Disease duration, years 8.5 (4.25, 14.75)
UPDRS (subscale III) 10 (6, 19)

LED, mg/day
Fatigue_D
Fatigue_P

Apathy (AES-S)
Depression (BDI-II)
Anxiety (BAI)
Attention?
Executive function®
Memory?
Visuoconstruction?®

577.25 (325, 792.25)
2.70 (2.02, 3.55)
2.21 (1.75, 2.85)

27 (22.25, 33.75)

6 (4, 10)

8 (4.25,12.75)
-0.71 (-1.29, -0.14)
-0.30 (-0.62, 0.20)
-1.20 (-1.98, -0.13)
-0.16 (-0.89, 0.57)

The total number of patients was 62 (21 females). Values are
presented as medians (quantiles). Quantiles refer to the 25th and 75th
percentiles. Fatigue_D, effect of fatigue on daily related functioning;
Fatigue_P, physical effects of fatigue; MMSE, Mini Mental State
Examination; LED, levodopa equivalent dosage. @ Averaged Z-scores
with correction for age, gender, and education.

Fatigue P Fatigue D
Age 0.021 0.041
Education 0.21? 0.19!
MMSE -0.092! -0.082!
Disease duration, years -0.0321 -0.0121
Daytime sleepiness (ESS) 0.2021 0.1721
UPDRS (subscale I1I) 0.322 0.37?
LED (mg/day) 0.15! 0.09!
Apathy (AES-S) 0.33 021
Depression (BDI-II) 0.58? 0.582
Anxiety (BAI) 0.552 0.542
Attention -0.051! -0.0411
Executive function -0.0422 -0.0211
Memory -0.261! -0.2411
Visuoconstruction -0.0122 0.03?

Fatigue_P, subjective experience of physical fatigue; Fatigue_D,
effect of fatigue on daily related functioning; LED, levodopa equivalent
dosage; MMSE, Mini Mental State Examination.

p values <0.05 are in bold.

Values are Spearman’s’ rank or Pearson’s product-moment?

correlation coefficients.

and BAI), whereas fatigue affecting daily functioning particularly correlated significantly with
depression and anxiety, but not with apathy scores. For the cognitive domain, we observed
only a significant relationship between physical fatigue and the verbal episodic memory
performance (Table 2). In a further analysis, we observed that only the verbal episodic
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memory measure “recognition-discriminability” was correlated with higher levels of physical
fatigue (r [62] = -0.33; p < 0.001, one-tailed).

By stepwise elimination procedures the variables apathy and motor functioning (UPDRS-
1) were excluded from the model explaining physical fatigue, whereas the parameters
depression (b = 0.07; p < 0.01), anxiety (b = 0.03; p < 0.05), and verbal episodic memory
performance (recognition-discriminability, b = —=0.16; p < 0.05) remained in the model. The
overall model was significant (2 = 0.49; p < 0.001; adjusted r* = 0.46; F3, s) = 18.88).

The model explaining the impact of fatigue on daily functioning was also significant (r? =
0.44; p < 0.01; adjusted r? = 0.41; Fj3 59 = 15.2) and was significantly associated with higher
scores on BDI (b =0.07; p <0.01), BAI (b =0.03; p < 0.05), and UPDRS-III (b = 0.01; p = 0.05).

Discussion/Conclusion

Subjective experience of physical fatigue is related to higher levels of depression, anxiety
and lower verbal episodic memory performance, but not to more severe motor signs. The
impact of fatigue on everyday activities shows similar associations with neuropsychiatric
symptoms, but additionally predicts motor signs.

Although physical fatigue was significantly correlated with motor severity (UPDRS-III),
the variable did not survive the stepwise regression procedure. In contrast, a higher impact
offatigue on daily functioningwassignificantly predicted by higherlevels of motorimpairment.
We assume that motor impairments significantly reduce daily functioning, and therefore are
a predictor of this aspect of fatigue. Consequently, this also may explain the lack of influence
of motor function on physical fatigue, as it is not related to daily functioning. In accordance
with the results of recent studies, we observed a strong association between levels of
depression, anxiety, and fatigue [1, 34]. Itis argued that these symptoms considerably overlap
with fatigue. For example the diagnosis of depression considers the presence of fatigue or a
lack of energy as one of the core expressions of the disorder [35], and thus the symptoms of
fatigue and depression describe may similar experiences [35]. This could potentially explain
the significant correlation observed between fatigue and depression as they both have the
same anatomical phenotype based on the classification system used by Sauerbier et al. [36].
Subtyping non-motor symptoms (NMS) in PD is a new concept. It is suggested that fatigue-
and depression-dominant NMS subtypes both belong to what is classified as a limbic pheno-
type [36].

We observed no significant correlation between fatigue and EDS, suggesting that
symptoms of fatigue can occur independently from EDS. Fatigue is associated with exhaustion
or a sensation of tiredness, either physical or mental [37] whereas sleepiness is described as
a trigger signal for the onset of sleep [38]. The absence of a significant correlation between
fatigue measured by the PFS-16 and EDS measured by the ESS (Table 2) isin line with previous
findings [11, 39, 40].

We observed a significant association between subjective experiences of physical fatigue
and a lower performance on verbal episodic memory tasks, specifically with a reduced
performance of recognition-discriminability (i.e., % of correctly recognized words from
CVLT-encoding). This is a novel finding and inconsistent with other studies indicating that
fatigue is rather associated with visuospatial function in drug-naive PD patients [13] and
executive dysfunctions. In the study of Kluger et al. [13] the domains of verbal episodic
memory, processing speed, executive function, and visuospatial abilities were taken into
account. They found a strong relationship between fatigue and visuospatial abilities, but not
with verbal episodic memory. Accordingly, our finding needs to be replicated and further
validated.
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So far, no official German translation or validation of the PFS-16 is available. The trans-
lation of the term fatigue used in the present study is translated by using a German word
which also carries the meaning of tiredness. This is a strong limitation of the study and the
PFS-16 score should therefore be interpreted as an approximation of the construct fatigue. In
addition, self-rating questionnaires were used to assess neuropsychiatric symptoms; this
requires both a specific level of motivation and cognitive functioning. Both aspects might be
impaired in PD patients and thus reduce the informative value of such tools.

In conclusion, our work supports an influence of neuropsychiatric symptoms on fatigue
in PD and extends prior work suggesting that motor disturbances are specifically linked to
fatigue-related impairment of daily functioning, but not to the subjective experience of
physical fatigue.
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