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Chapter 7

the associations between fatigue, 
apathy, and depression in Parkinson’s 

disease

Matej Skorvanek, Zuzana Gdovinova, Jaroslav Rosenberger, Radka 
Ghorbani Saeedian, Iveta Nagyova, Johan W. Groothoff, Jitse P. van Dijk

Epub ahead of print: Acta Neurol Scand. 2014 Oct 6. doi: 10.1111/ane.12282

Abstract
Objectives: Fatigue and apathy are two of the most common and most 
disabling non-motor symptoms of Parkinson’s disease (PD). They have a 
high coincidence and can often be confused; moreover, their relationship 
is not fully understood. The aim of our study was to describe the 
coincidence of apathy with different fatigue domains in the presence/
absence of depression and to separately describe the associations of 
different aspects of primary and secondary fatigue with apathy and other 
clinical and disease-related factors.
Materials & methods: A total of 151 non-demented patients with PD were 
examined using the Movement Disorder Society-Unified Parkinson’s 
Disease Rating Scale (MDS-UPDRS), the Starkstein Apathy Scale, 
the Multidimensional Fatigue Inventory (MFI), the Beck Depression 
Inventory-II and the Epworth Sleepiness Scale. 
Results: The prevalence and severity of fatigue and apathy were 
significantly higher in depressed PD patients. However, our results show 
that depression, fatigue and apathy can be clearly distinguished in PD. 
Apathy was associated with the MFI’s reduced motivation domain in both 
depressed and non-depressed patients. However, apathy was associated 
with mental fatigue aspects only in non-depressed patients, and it was 
not related to the physical aspects of fatigue in any of the studied groups.
Conclusions: Although the pathophysiology of fatigue and apathy in PD 
is clearly multifactorial, in a proportion of PD patients, these symptoms 
are associated with depression, dopaminergic dysfunction and disruption 
of the prefrontal cortex-basal ganglia axis. Therefore, in some PD 
patients adequate management of depression and optimal dopaminergic 
medication may improve both fatigue and apathy.
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Introduction 
Fatigue and apathy are two of the most common non-motor symptoms of 
Parkinson’s disease (PD), having been previously found, according to the 
study population and measures used, in up to 77.6% of PD patients for 
fatigue (1) and up to 72% of PD patients for apathy, respectively (2). Both 
fatigue and apathy have been described in all stages of PD, including the 
early and untreated disease (2,3).

Currently, there is no universally accepted definition of fatigue. 
Fatigue in PD can be divided into ‘peripheral fatigue’, which refers to 
an objectively measurable process in which a muscle loses strength after 
repeated contractions, and ‘central fatigue’, which refers to a feeling-state, 
perception or experience that is not yet objectively measurable (4) and 
which can be further divided into physical and mental fatigue domains. 
Most published studies have found a strong association between fatigue 
and depression and according to the presence or absence of mood 
disorder and excessive daytime sleepiness (EDS) a concept of primary and 
secondary fatigue has been proposed (1). Both of these fatigue groups 
differed significantly regarding factors associated with different fatigue 
domains. Functional status or other disease-related factors have not been 
associated with primary fatigue (fatigue in the absence of mood disorder 
and EDS). In the secondary fatigue group (fatigue in the presence of 
mood disorder or EDS), associations between some fatigue domains and 
functional status, older age, male gender and higher anxiety scores have 
been found (1). 

Apathy has been characterized as a lack of motivation manifested 
by diminished goal-directed cognition and behavior, with decreased 
emotional involvement (5). Diagnostic criteria for apathy in non-
demented PD patients have been recently validated (6). Apathy is also 
most commonly associated with depression (7), although previous studies 
have shown that these two symptoms can be clearly distinguished, and 
depending on the studied population, up to 33.4% of the PD patients were 
found to have ‘pure’ apathy in the absence of depression and dementia 
(2,7). Apathy may also be associated with cognitive decline and in fact can 
present a predictive factor for developing dementia (8).

Despite the high coincidence of fatigue and apathy in PD, reports 
correlating these two non-motor symptoms are very scarce. In a study 
by Funkiewicz et al. (9) PD patients after deep brain stimulation (DBS) 
often confused apathy with fatigue; they reported feeling tired and 
having difficulties in starting any activities. The only study which has 
directly correlated fatigue with different apathy domains so far showed 
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that fatigue in their PD sample was significantly associated with the Lille 
Apathy Rating Scale total score, as well as with the intellectual curiosity 
and action initiation sub-scores (10). However, no study to date has 
evaluated the relationship of apathy to different fatigue domains, and in 
fact, while apathy is most commonly associated with the dopaminergic 
system (11), primary fatigue was related to serotonergic deficits (12). 
Moreover, the relationship between apathy and fatigue in PD is most 
likely influenced by the presence or absence of depression, as both of these 
symptoms are part of the DSM-IV criteria for diagnosing depression (13, 
14). This demonstrates the complexity of the problem, and the relationship 
between fatigue and apathy in PD is certainly not fully understood.

Therefore, the aim of our study was to describe the coincidence 
of apathy with different fatigue domains in the presence or absence of 
depression and to describe the associations of different aspects of primary 
and secondary fatigue with apathy and other clinical and disease-related 
factors. 

Materials & methods 
Patients
Patients were recruited from 25 neurology outpatient clinics in eastern 
Slovakia between June 2011 and August 2012. All patients were diagnosed 
according to the UK PD Society Brain Bank Criteria (15), and their 
mental abilities were assessed with the Mini-Mental State Examination 
(MMSE) (16). A total of 205 patients initially agreed to participate in the 
study. Patients with an MMSE scores lower than 24 (N=18), forms of 
Parkinsonism other than idiopathic Parkinson’s disease (N=8), those who 
initially agreed to participate and filled in the questionnaire but did not 
come for the oral interview (N=14) and those whose data were partially 
missing (N=14) were excluded. A total of 151 non-demented patients 
(75%) remained for analysis.

Data collection
One week before the interview an invitation letter, a written informed 
consent form and questions on sociodemographic background, medical 
history, current medication and self-report questionnaires (described 
below) were sent by postal mail to patients diagnosed with PD. During 
the interview, a trained interviewer assessed the cognitive functioning 
of patients using the MMSE and reviewed the questionnaires together 
with the patient to ensure that no values were missing. After this, a single 
neurologist specialized in Movement Disorders (M.S.) assessed each 
patient’s disease severity using the Movement Disorder Society - Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) (17), including Hoehn and 
Yahr staging (18). Patients who were unable to fill in the questionnaires by 



86 CHAPtER 7

themselves due to motor impairment answered the questions during the 
oral interview. The study was approved by the Local Ethics Committee. 
All patients participated voluntarily and gave written informed consent 
prior to the interview. The investigation was performed according to the 
Declaration of Helsinki.

Measures
Sociodemographic data, including age, gender and education, were 
obtained from the structured interview. Education level was classified as: 
low (primary school or unfinished high school), middle (finished high 
school or specialization after high school – not a college or university) 
or high (university undergraduate or postgraduate or higher academic 
degree achieved).

Disease and medication-related data 
Information on disease duration, antiparkinsonian medication and other 
treatment was obtained during the interview. The levodopa equivalent 
daily dosage (LEDD) was calculated using a previously published 
formula (19). Motor symptoms were rated in the ON state using the MDS-
UPDRS part III (motor examination). The MDS-UPDRS is a four-subscale 
combined scale (non-motor experiences of daily living, motor experiences 
of daily living, motor examination and motor complications) (17). This 
scale was recently translated into Slovak and approved as an official 
non-English translation of the MDS-UPDRS (20). Scores were obtained 
by a semi-structured interview and examination. The disease stage was 
assessed by the Hoehn & Yahr scale (HY), which is applied to gauge the 
course of the disease over time (18). 

Fatigue, Apathy, Depression and Excessive daytime somnolence
The Multidimensional Fatigue Inventory (MFI) is a 20-item self-report 
questionnaire (21) that measures five dimensions of fatigue: general 
fatigue, physical fatigue, reduced activity, reduced motivation and 
mental fatigue. Each subscale contains four items, which are scored on 
a five-point Likert-scale. Scores range from 4 (absence of fatigue) to 20 
(maximum fatigue) for each subscale. Its reliability and structural validity 
in patients with PD has been recently published (22). We used a uniform 
cutoff score of ≥13 in each MFI domain to define the presence of fatigue 
(1). Cronbach’s alpha for the MFI in this study was 0.89.

The Apathy scale is a self-administered 14-item scale for assessing 
apathy (23). Each answer is scored from 0 (not at all) to 3 (a lot), with a higher 
summary score meaning more apathy. A cut-off of ≥14 is used to define the 
presence of apathy. In the present study, Cronbach’s alpha was 0.77. 
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The Beck Depression Inventory-II (BDI-II) is a self-administered 21-
item scale for assessing depression (24). Each answer was scored as 0-3. 
The cutoff values used are 0–13: normal range; 14–19: mild depression; 
20–28: moderate depression; and 29–63: severe depression. Higher total 
scores indicate more severe depressive symptoms. Cronbach’s alpha for 
BDI-II in our study was 0.90

The Epworth Sleepiness Scale (ESS) is a self-administered 8-item 
questionnaire to assess excessive daytime somnolence (25). The ESS asks 
the respondent to rate the likelihood of falling asleep on a scale from 0 to 
3, while higher scores reflect greater sleep propensity. Consistent with a 
number of previous investigations, a score of 10 as the cut-off point was 
used for normal, while scores above this imply pathological sleepiness. In 
the present study, Cronbach’s alpha was 0.84.

Statistical analyses
Statistical analyses were performed using the statistical software program 
PASW SPSS version 18.0 for Windows (SPSS Inc, Chicago IL). First, we 
described the demographic and clinical characteristics of our study 
groups. Significant differences between group characteristics were 
analyzed by independent sample t-tests and chi-square tests. Statistical 
differences regarding the coincidence of fatigue in different domains and 
apathy in both depressed and non-depressed patients were tested using 
the Fisher’s Exact Test. Finally, separate multiple linear regression analyses 
were performed in order to study the relationship of sociodemographic 
factors, disease duration, disease severity, depression, EDS and apathy 
with different fatigue domains in depressed and non-depressed patients. 

Results 
The mean age of the total PD sample was 69.7±8.6 years; the mean disease 
duration was 6.9±4.9 years, and the mean HY stage was 2.4±0.9. A total of 
119 patients (78.8% of the sample) were fatigued in at least one MFI domain 
and 71 patients (47% of the sample) were found to be apathetic. After 
dividing the sample, 87 patients remained in the group with depression 
(the ‘secondary’ fatigue and apathy group) and 64 remained in the group 
without depression (the ‘primary’ fatigue and apathy group). The two 
groups did not differ significantly in age, gender distribution, disease 
duration, education level, HY stage, MDS-UPDRS part IV subscore or 
treatment. The depressed patients had significantly higher scores in 
MDS-UPDRS parts I-III and higher apathy, EDS and fatigue scores as well 
as a higher prevalence of apathy, EDS and fatigue in all MFI domains. 
Baseline characteristics of the study groups can be found in Table 7.1.
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table 7.1 Baseline characteristics of the study population (N = 151) 
Depressed 
patients

Non-depressed 
patients

Significant difference between 
depressed and non-depressed patients

Number of patients 87 64

Gender (male/female) 42/45 38/26 p=ns
Age 70.4 ± 8.7 68.8 ± 8.6 p=ns
Disease duration 7.3 ± 5.3 6.4 ± 4.2 p=ns
Education level
   Low  N (%)
   Middle  N (%)
   High  N (%)

38 (44%)
31 (36%)
18 (20%)

26 (41%)
26 (41%)
12 (18%)

p=ns

Hoehn and Yahr stage
   H&Y ≤ 2  N (%)
   H&Y > 2  N (%)

2.5 ± 0.9
41 (47%)
46 (53%)

2.2 ± 0.9
42 (66%)
22 (34%)

p=ns

MDS-UPDRS_I
MDS-UPDRS_II
MDS-UPDRS_III
MDS-UPDRS_IV

15.2±6.0
16.5±8.7

39.4±14.8
 3.7±4.0

8.7±4.8
10.1±7.5

31.9±14.3
2.6±3.7

p<0.001
p<0.001
p<0.01
p=ns

BDI-II
  >13pts  N (%)

22.3 ± 8.7
87 (100%)

8.2 ± 3.5
0

p<0.001

ESS
   >10pts  N (%)

8.0 ± 4.2
24 (28%)

5.6 ± 3.8
5 (8%)

p<0.003

Apathy scale
    ≥ 14pts  N (%)

14.7 ± 5.5
52 (60%)

11.0 ± 5.0
19 (30%)

p<0.001

MFI general fatigue 
    ≥13pts  N (%)

15.1 ± 3.0
68 (78%)

11.4 ± 3.5
22 (34%) p<0.001

MFI physical fatigue
    ≥13pts  N (%)

14.8 ± 3.4
63 (72%)

12.2 ± 3.6 
30 (47%) p<0.001

MFI reduced activity
    ≥13pts  N (%)

13.4 ± 3.5
50 (57%)

11.0 ± 4.1
19 (30%) p<0.001

MFI reduced motivation
    ≥13pts  N (%)

11.0 ± 3.9
27 (31%)

8.5 ± 3.1
7 (11%) p<0.001

MFI mental fatigue
    ≥13pts  N (%)

11.8 ± 3.4
33 (38%)

8.4 ± 2.9
4 (6%) p<0.001

LEDD (mg/day) 576 (0-2972) 487 (0-1780) p=ns
L-dopa only 22 (25%) 12 (19%) p=ns
Dopamine agonist only 19 (22%) 16 (25%) p=ns
L-dopa + dopamine agonist 38 (44%) 29 (45%) p=ns
No dopaminergic treatment 8 (9%) 7 (11%) p=ns
Rasagiline 26 (30%) 23 (36%) p=ns
Amantadine 21 (24%) 11 (17%) p=ns
Antidepressants 14 (16%) 9 (14%) p=ns
Sleep pills 36 (41%) 13 (20%) p<0.01

MDS-UDPRS – Movement Disorder Society - Unified Parkinson’s Disease Rating Scale; BDI-II – 
Beck Depression Inventory-II; ESS – Epsworth Sleepiness Scale; MFI – Multidimensional Fatigue 
Inventory; LEDD – total levodopa equivalent daily dosage; ns – non-significant; bold < 0.05 

Apathy without the presence of depression was found in 19 patients 
(13%), both apathy and depression in 52 patients (34%), depression only 
in 35 patients (23%) and neither apathy nor depression in 45 patients 
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(30%). The prevalence of fatigue in these groups of patients and statistical 
differences in the prevalence of each fatigue domain between the apathetic 
and non-apathetic patients in both depressed and non-depressed groups 
can be found in Table 7.2.

table 7.2 Coincidence of fatigue with apathy and depression (cutoffs: MFI for all domains ≥ 

13pts; AS ≥ 14pts; BDI-II > 13pts) 
Depressed (N=87) Non-depressed (N=64)

Apathetic 
(n=52)

Non-
apathetic 

(n=35)

Statistical 
difference 
(p<0.05)

Apathetic 
(n=19)

Non-
apathetic 

(n=45)

Statistical 
difference 
(p<0.05)

MFI – general fatigue (N=90) 43 (83%) 25 (71%) p=ns 6 (32%) 16 (36%) p=ns
MFI – physical fatigue (N=93) 36 (69%) 27 (77%) p=ns 11 (58%) 19 (42%) p=ns
MFI – reduced activity (N=69) 35 (67%) 15 (43%) p<0.03 9 (47%) 10 (22%) p=ns
MFI – reduced motivation (N=34) 23 (44%) 4 (11%) p=0.002 4 (21%) 3 (7%) p=ns
MFI – mental fatigue (N=37) 27 (52%) 6 (17%) p<0.001 3 (16%) 1 (2%) p=ns

MFI – Multidimensional Fatigue Inventory, BDI – Beck Depression Inventory-II, AS – Apathy Scale

Determinants of fatigue in the secondary fatigue group (group with depression)
Older age was strongly associated with higher reduced motivation and 
mental fatigue scores. Male gender was related to higher reduced activity. 
Lower education was significantly associated with higher mental fatigue. 
MDS-UPDRS-III was significantly associated with more fatigue in all 
domains except reduced motivation and mental fatigue, and apathy was 
strongly associated with reduced motivation. Depression and EDS were 
not associated with any MFI domain in this group (see Table 7.3).
Determinants of fatigue in the primary fatigue group (group without depression)
Higher MDS-UPDRS-III scores were associated with general fatigue, 
and EDS was associated with higher general fatigue and physical fatigue 
scores. Higher apathy scores were strongly related to reduced motivation, 
mental fatigue and reduced activity scores, respectively (see Table 7.3).
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table 7.3 Determinants of fatigue in depressed and non-depressed PD patients
Depressed patients (BDI>13pts) Non-depressed patients (BDI≤12pts)

MFI MFI

GenF PhyF RedA RedM MentF GenF PhyF RedA RedM MentF

Age .14 .12 .14 .29** .32** -.17 -.16 -.05 .08 -.02

Male gender .04 .03 .25* -.05 .15 -.06 -.22 -.03 .11 .06

Higher education -.09 -.11 -.14 -.12 -.24* .11 -.02 .05 -.16 -.01

MDS-UPDRS III .32** .29* .27* .18 -.07 .26* .19 .23 .08 -.01

Disease duration -.11 .07 .11 -.06 .08 -.08 .19 .22 .10 .04

BDI .18 .02 .03 .04 .17 .19 .15 .23 .03 .26

ESS .11 -.06 .00 -.02 .14 .27* .28* .03 -.10 -.03

Apathy scale -.09 .07 .13 .44*** .19 -.03 .05 .25* .49*** .34**

R square .19 .14 .22 .46 .32 .22 .29 .26 .30 .20

Adj. R square .11 .05 .14 .41 .25 .10 .19 .15 .20 .09

MFI – Multidimensional Fatigue Inventory; GenF – General Fatigue; PhyF – Physical Fatigue; 
RedA – Reduced Activity; RedM – Reduced Motivation; MentF – Mental Fatigue; MDS-UDPRS 
III – Movement Disorder Society - Unified Parkinson’s Disease Rating Scale motor examination 
subscale; ESS – Epsworth Sleepiness Scale; BDI-II – Beck Depression Inventory-II
p<0.05*; p<0.01**; p<0.001***; bold < 0.05

Discussion 
To the best of our knowledge, this is the first study to separately describe 
the relationship between primary and secondary fatigue and apathy 
in depressed and non-depressed PD patients. Depression, apathy and 
fatigue are some of the most common non-motor symptoms in PD with 
a high coincidence and often can be confused in both clinical practice 
and research settings. As our study shows, all of these symptoms can be 
clearly distinguished in PD, as patients with pure depression, pure apathy 
and pure fatigue can be found. 

In secondary fatigue, older age was strongly associated with higher 
reduced motivation and mental fatigue scores, male gender was related to 
higher reduced activity, and lower education was significantly associated 
with higher mental fatigue. These results are in agreement with our 
previous study, in which the determinants of primary and secondary 
fatigue were studied separately (1).

The MDS-UPDRS part III (motor examination) was significantly 
associated with general and physical fatigue and reduced activity 
domains in the depressed group, but it was related only to general fatigue 
in non-depressed patients. Previous studies have found conflicting 
results regarding the correlation of functional status with fatigue (26,27). 
Moreover, a previous study with a similar construct found no association 
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of the old UPDRS version part III with any of the primary fatigue domains 
(1). To our knowledge, this is the first study to directly correlate the MDS-
UPDRS with primary and secondary fatigue in PD, and it might point 
to a potential connection of the dopaminergic system with at least some 
aspects of primary fatigue.

As expected, apathy was most strongly associated with the MFI 
reduced motivation domain in both primary and secondary fatigue. 
Apathy was also associated with the MFI reduced activity and mental 
fatigue domains, but only in non-depressed patients. The association of 
apathy with the mental aspects of primary fatigue in PD is intriguing, as 
both of these non-motor symptoms have been previously associated with 
different neurotransmitter systems. 

Apathy is a common finding in early untreated PD (2), and in a 
proportion of patients it might have a good response to dopaminergic 
therapy (28,29), which supports the role of dopamine in the 
pathophysiology of apathy in non-demented PD patients. In a well-
constructed PET study, where 2 weeks after implantation of subthalamic 
DBS dopaminergic medication was reduced by 82%, 34 out of 63 patients 
became apathetic (11). In this study patients with apathy showed 
decreased [11C]-raclopride binding bilaterally in the orbitofrontal cortex, 
the posterior cingulate cortex, the left dorsolateral prefrontal cortex, the 
bilateral striatum, the left thalamus and the right amygdala, suggesting 
that an increase of D2/D3 dopamine receptors or a reduction of synaptic 
dopamine levels might be related to subthalamic DBS-induced apathy. 
These findings suggest that in selected patients with PD displaying no 
cognitive deterioration, postoperative apathy can be seen as a model of 
a pure mesolimbic hypodopaminergic syndrome that is unmasked by 
postoperative drug withdrawal (11).

On the other hand, a previous PET study (12) in PD patients with 
primary fatigue found reduced serotonin transporter binding in the 
caudate, putamen, ventral striatum, thalamus, cingulate and amygdala, 
and concluded that fatigue in PD is associated with reduced serotonergic 
function of the basal ganglia and limbic structures. This study was, 
however, conducted only in a small number of participants, and the results 
were not specifically correlated with physical or mental aspects of fatigue. 
Therefore, it remains unclear whether serotonergic dysfunction in these 
regions is associated with PD-related fatigue as such, or with some of 
its specific aspects. The mentioned study also found a reduced 18F-dopa 
uptake in the caudate and insula, which could point to a potential role of 
the dopaminergic system in at least some aspects of primary fatigue in PD 
(12). In fact, the role of dopaminergic dysfunction in PD-related primary 
fatigue might also be supported by some previous reports showing 
improvement of fatigue after initiation of dopaminergic therapy (3,28). 
On the other hand, not all patients with PD or dopaminergic depletion 
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develop apathy or fatigue; therefore, the pathophysiology of these 
symptoms in PD is clearly multifactorial. 

Apathy in PD may be present after direct lesions to both the prefrontal 
cortex (PFC) and basal ganglia and it clearly presents a consequence of 
the disruption of the PFC-basal ganglia axis (30). Recently de la Fuente-
Fernandez (31) proposed a frontostriatal cognitive dysfunction staging 
divided into three stages, which reflects a sequential process of dopamine 
depletion occurring in different regions of the striatum (stages I and II) 
and the frontal cortex (stage III). In this staging system, among other 
symptoms, mental fatigue is attributed to stage I and apathy to stage 
IIb, and although the concept of mental fatigue in this staging system is 
not fully explained in this study, it presents an interesting framework for 
further hypothesis testing. The potential role of the dopaminergic system as 
well as of disruption of the PFC-basal ganglia axis in the pathophysiology 
of both fatigue and apathy in at least some PD patients might also be 
supported by results of some previous studies with methylphenidate in 
PD (32). Methylphenidate is a CNS stimulant that blocks the presynaptic 
dopamine transporter (DaT) and the noradrenaline transporter in the 
striatum, and in the PFC in particular (32). Although the results of these 
studies are not fully conclusive, especially due to the small sample sizes 
examined and due to some methodological issues, improvements were 
reported in both fatigue and apathy after treatment with methylphenidate; 
therefore, further studies in this field should be encouraged (32). 

Strengths and limitations
To the best of our knowledge, this is the first study to specifically correlate 
apathy with different physical and mental aspects of primary and 
secondary fatigue in PD patients. Independent analyses for depressed and 
non-depressed patients enabled us to better understand the coincidence 
and associations between depression, fatigue and apathy, which are 
often confused in both research and in clinical settings. There are some 
limitations of our study. The sample consisted of more motivated patients 
who agreed to participate in the study and who were able to attend the 
examination. Also, the cross-sectional design of the study does not allow 
us to further explore the causal pathways between the studied variables. 
Another limitation of the study is that depression and apathy were 
assessed through self-report questionnaires; however, all instruments 
used have been validated and repeatedly utilized for this purpose in 
patients with PD.

Conclusions and implications for future studies and clinical practice
Depression, apathy and fatigue are some of the most common non-motor 
symptoms in PD with a high coincidence and are often confused both in 
clinical practice and in research settings. As shown in our study, all of 
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these symptoms can be clearly distinguished in PD. The pathophysiology 
of fatigue and apathy is clearly multifactorial; however, in a proportion of 
patients these symptoms are associated with the presence of depression, 
dopaminergic dysfunction and disruption of the PFC-basal ganglia axis. 
Therefore, in clinical practice adequate management of depression as 
well as optimal dopaminergic medication may improve both fatigue and 
apathy. Further clinical trials with methylphenidate should be performed 
to better understand its position in the treatment of fatigue and apathy. 
In research settings further clinical, neurophysiological and imaging 
studies should be performed especially in primary fatigue and primary 
apathy in order to better understand their relationship and underlying 
pathophysiological mechanisms.
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