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INTRODUCTION

Fatigue is a major non-specific symptom presenting in a num-
ber of systemic and neurological disorders such as cancer, mul-
tiple sclerosis, Parkinson’s disease (PD), amyotrophic lateral
sclerosis etc. [1-4]. Particularly in PD fatigue has been reported
by the patients themselves as one of the three most serious
symptoms having a severe impact on their health related quality
of life [1,5]. Nevertheless fatigue evaluation is frequently neg-
lected during the clinical assessment of PD patients. This atti-
tude may be responsible for our limited knowledge regarding
the epidemiology, aetiology, distinctive clinical characteristics
of fatigue and its relationship to other disease related conditions
e.g. depression [1,4].

The pathogenesis of PD is unknown, however there are cer-
tain lines of evidence implicating neuroinflammatory factors to
the dopamine neuron damage in the substantia nigra [6]. A num-
ber of studies have shown central or peripheral humoral and cel-
lular immune changes in patients with PD [6-8]. On the other
hand, it is well known that fatigue has been related to immune
dysregulation in various systemic disorders such as cancer, sys-
temic lupus erythymatosus, chronic fatigue syndrome etc. [1].

The purpose of the study was to assess fatigue in PD pa-
tients in relation to various immunological factors, depression
and the pertinent clinical characteristics of the disease.

SUBJECTS AND METHODS
Subject selection

Forty patients (26 men, 14 women ) with idiopathic PD, according to the
U.K. Brain Bank criteria were studied [9].These patients were selected from
the population of two outpatient clinics for movement disorders by means
of the following criteria:
– Satisfactory cognitive function (Mini Mental State Examination score

> 24) [10].
– No report of severe motor fluctuations.
– Absence of systemic diseases such as heart failure, thyroid dysfunction,

autoimmune disorders, anemia, diabetes, kidney, pulmonary and hepatic
insufficiency as well as cancer.

– Absence of a recent infection.
– Negative history of current treatment with tranquilizers or amantadine.

Twenty six normal subjects (14 men, 12 women) matched for age, educa-
tion and socioeconomic status served as controls. Controls were recruited
from the population of PD patients’ relatives and visitors to the hospital.
They were not formally tested for cognitive impairment, but they were
questioned for the presence of memory and reasoning problems as well as
for depression. The study was approved by the hospital ethical committee.
All subjects gave their informed consent for participation in the study.

Evaluation 

Fatigue was evaluated in all subjects by means of the Greek version of the
Fatigue Severity Scale (FSS) [11,12].

FSS is nine item scale, covering the most pertinent symptoms of fatigue
and their impact on everyday activities during the past two weeks. Each
item is rated by the examiner on an analogue scale ranging from 1 ‘com-
pletely disagree’ (e.g. absence of fatigue related symptoms) to 7 ‘complete-
ly agree’, with 4 being the neutral point. The total score is derived from the
average score of all items. The neutral point 4 is the highest possible score
to exclude the absence of clinically relevant fatigue. 

Motor disability in PD patients was clinically evaluated by means of the
motor score of Unified Parkinson’s Disease Rating Scale (UPDRS, part III)
[13]. PD patients were classified in stages according to the Hoehn and Yahr
(H&Y) classification scale [14]. PD patients were also assessed for depres-
sion by the Greek version of the Beck Depression Inventory (BDI) [15].
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Summary. Introduction. Fatigue is a frequent symptom in Parkinson disease (PD), but its pathogenesis remains obscure.
Fatigue may be influenced by depression and motor disability, but immunological factors have been also implicated. The
purpose of the study was to assess fatigue in PD patients in relation to depression and various immunological factors.
Subjects and methods. Forty PD patients and 26 normal matched controls were studied. Fatigue was assessed by the Fatigue
Severity Scale (FSS). The Beck Depression Inventory (BDI) was employed for depression screening. The following
immunological factors were estimated: a) T- and B-lymphocytes, T-lymphocyte subsets (helper/suppressor cells) as well as
natural killer cells (NK); b) circulating levels of interleukins IL-1alpha, IL-1beta, IL-6, IL-1 receptor antagonist (IL-1Ra) and
tumor necrosis factor-alpha. Results. FSS mean score was higher in PD patients compared to controls (p < 0.01). Significant
differences between patients and controls were found in the following immunological parameters. In PD patients: a) mean
percentage of NK cells was higher, p < 0.01); b) IL-1beta levels were significantly increased (p < 0.01) and IL-1Ra levels were
decreased (p < 0.001). FSS correlated significantly to BDI (p < 0.008). Circulating Il-1Ra levels correlated to fatigue severity
(p < 0.01), but after exclusion of depressed PD subjects this correlation significance level dropped to p = 0.055. Conclusions.
Our results indicate that fatigue is a common non motor symptom in PD. Immunological differences between PD patients and
controls were observed in percentages of NK cells, IL-1beta and IL-1Ra blood levels. Fatigue correlated to depression and IL-Ra
levels. However after exclusion of depressed subjects IL-1Ra levels showed only a tendency to significance, leaving depression
as the principle correlate of fatigue. [REV NEUROL 2007; 45: 725-8]
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Their sleep quality was measured on an 7 point analogue scale ranging from
0 (bad quality of sleep) to 7 (best quality of sleep) [16]. All patients were
under levodopa plus a dopamine agonist treatment.

Clinical characteristics of PD patients are presented in table I.
The following immunological factors were estimated:

– T- and B-lymphocytes, T-lymphocyte subsets (CD4/helper and CD8/sup-
pressor cells) as well as natural killer cells (CD3/CD16+56, NK).

– Serum levels of interleukines IL-1α, IL-1β, IL-6, IL-1 receptor antago-
nist (IL-1Ra) and tumor necrosis factor α (TNF-α).

All blood samples were collected fasting in the morning. T and B lympho-
cytes and T-lymphocytes subsets (by percentage) were evaluated by direct
two-color immunofluorescence on a FACS scan flow cytometer (Becton
Dickinson), immediately after blood collection. Serum for circulating cy-
tokine assessment was frozen and preserved at –70 ºC. Cytokines levels were
measured by means of enzyme linked immunosorbent assay (ELISA) kits.

Statistical analysis was performed by means of the Mann-Whitney test
for two independent samples for comparisons between PD patients and con-
trols. Spearman’s rho correlation coefficient was employed for bivariate
correlations between FSS score, BDI and immunological factors in PD pa-
tients. Finally multiple associations between FSS score (dependent vari-
able) and significant immunological parameters as well as BDI score (inde-
pendent variables) were explored by means of the weighted least squares
procedure. 

Significance was set to p < 0.05. However, since multiple test compar-
isons in lymphocyte subsets and circulating cytokine levels may lead to type
I error we applied a Bonferroni correction, thus setting the statistically sig-
nificant level at p = 0.01 for lymphocyte subsets and cytokine levels com-
parisons between PD patients and controls. Higher p levels were interpreted
as a tendency for statistical significance. The SPSS for Windows software,
v. 12.0, was used for all statistical analysis calculations.

RESULTS

Mean FSS score in PD patients was higher than controls (4.8 ± 1.5 versus
3.4 ± 1.6; p < 0.01). Sixty two percent of PD patients reported FSS levels
above the neutral point of the scale. Correlation between FSS score and
clinical parameters of the disease such as duration, stage, UPDRS score and
levodopa dose was not significant. However, stage of the disease showed a
tendency for statistical significance (ρ = 0.239; p = 0.06). Fatigue was also
not related to sleep quality (ρ = 0.09; p > 0.1). On the other hand, BDI cor-
related strongly to FSS score (ρ = 0.412; p = 0.008).

Mean percentage of T- and B-leukocytes in PD patients and controls are
presented in table II. Briefly, comparisons between PD patients and controls
yielded the following findings: a) Mean percentage of T-lymphocytes was
lower in PD patients, but this difference did not reach statistical significance
after Bonferroni correction (p < 0.05); b) mean percentage of NK cells was
higher in patients (p < 0.01). Correlation between percentages of T- and B-
leukocytes in PD patients and FSS score was not significant. Mean cytokine
blood levels in PD patients and controls are presented in table III. IL-1β lev-
els were significantly increased (p = 0.01) and IL-1Ra levels were de-
creased (p = 0.001) in PD patients. Correlation between cytokine levels and
FSS score was significant for IL-1Ra (ρ = –0.396; p = 0.01) only. Correla-
tion between BDI score and immunological parameters was not significant.

Multiple associations between FSS score and the statistically associated
parameters e.g. IL-1Ra and BDI, showed a marginal relationship to IL-1Ra
(β coefficients for IL-1Ra = 0.335; p = 0.023) and significant correlation for
BDI (β coefficients = 0.354; p = 0.01). After excluding patients with consid-
erably high BDI scores we tested differences in IL-lRa levels in a subgroup
of patients with a high (above neutral point) FSS score and in PD patients
with a low FSS score. Mean IL-1Ra levels in the first subgroup were 721.8
± 479.2 pg/mL and in the second one 528.0 ± 173.7 pg/mL. A comparison
showed a tendency for statistically significant difference between the two
subgroups (p = 0.055).

DISCUSSION

Our results are in consistence with other literature reports that
consider fatigue as a major non-specific symptom in PD [1,4,5].

Our group of patients had significantly higher FSS scores in
comparison to controls and 62 % of them scored above the neu-
tral point of the scale. Fatigue did not correlate to motor symp-
toms of the disease although a subtle relationship to stage was
observed, but this failed to reach statistical significance. Other
investigators have reported controversial associations between
fatigue and motor impairment in PD [1,4,16-19].

Depression and sleep disturbances are regarded as important
contributors to fatigue, but in PD patients this issue remains con-
troversial, too [1,17,18]. Depression is common in PD and
sometimes its somatic symptoms overlap with those of parkin-
sonism [4,20]. Fatigue has been related to depression by some
authors [1,17,19], while others could not prove any association
[21,22]. In our group of patients depression correlated signifi-
cantly to FSS score and emerged as a major correlate of fatigue
in these patients. A point of argument however in this case is that
there is a considerable overlap of symptoms between fatigue and
depression. Besides fatigue is listed as one of the symptoms
of major depression in the DSM-IV [23]. The pathophysiology of

Table I. Clinical characteristics of Parkinson’s disease patients (mean ± SD).

Age (years) 56.4 ± 9.8

Disease duration (years) 9.6 ± 6.6

Stage (Hoehn & Yahr) 2.7 ± 0.9

UPDRS (part III) 29.4 ± 12.6

Beck Depression Inventory score 11.1 ± 7.0

SD: standard deviation; UPDRS: Unified Parkinson’s Disease Rating Scale. 

Table II. Mean percentage of T- and B-leucocytes in Parkinson’s disease (PD)
patients and controls.

PD patients Normal controls p

T cells 68.3 ± 6.5 73.7 ± 8.1 < 0.05 a

B cells 9.3 ± 2.6 10.1 ± 4.1 NS

CD4/helper 44.7 ± 5.8 45.2 ± 8.3 NS

CD8/suppressor 25.0 ± 7.5 29.2 ± 9.1 NS

NK lymphocytes 21.5 ± 6.8 15.3 ± 8.1 < 0.01

Values are expressed as mean percentage ± standard deviation (pg/mL).ª Ten-
dency for statistical significance (Bonferroni correction). NS: not significant.

Table III. Mean blood levels of cytokines in Parkinson's disease (PD) pa-
tients and controls.

PD patients Normal controls p

IL-1α 0.64 ± 2.04 0.0 ± 0.0 NS

IL-1β 3.1 ± 3.0 1.05 ± 0.5 < 0.01

IL-6 0.84 ± 1.48 0.3 ± 1.2 NS

IL-1Ra 648.85 ± 372.94 807.7 ± 216.8 < 0.001

TNF-α 1.15 ± 2.53 0.63 ± 2.2 NS

Values are expressed as mean percentage ± standard deviation (pg/mL). NS:
not significant.
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fatigue in PD is unknown. It has been hypothesized that it may
be linked to peripheral as well as central factors. Muscle stiff-
ness, tremor, difficulties in everyday activities can lead to muscle
fatigue. One report has found evidence for muscle mitochondri-
al dysfunction to be related to fatigue [1,4,24]. Central mecha-
nisms are of paramount importance. Dopaminergic deficiency
affecting the frontal lobe-basal ganglia circuits may be a possi-
ble substrate for fatigue [1]. However although Abe et al [22] us-
ing 99mTc-HMPAO SPECT showed frontal lobe hypometabo-
lism in relation to fatigue in PD patients, the direct relationship
to dopamine loss was not supported by DaT-Scan measurements
[25,26]. Thus the problem of the pathogenesis of fatigue in terms
of brain localization remains unsolved. 

Immunological factors have been implicated in the patho-
physiology of fatigue in patients with multiple sclerosis, cancer
and autoimmune disorders [1-3,27-30]. Several lines of evi-
dence converge to the fact that cytokine release due to tissue
damage triggering an inflammatory response can have a signifi-
cant impact on neurotransmitters, neuroendocrine function and
behavior. Products of immune cells also mediate non-specific
symptoms of sickness such as malaise, fatigue, anorexia, apathy
or sleepiness. This type of behavior has been also induced in an-
imals and humans by administration of pro-inflammatory cy-
tokines [31,32].

PD is a neurodegenerative brain disorder of unknown etiol-
ogy. Several reports imply the presence of immunological ab-
normalities in PD patients, such as impaired T cell responses or
cytokine production by the peripheral immune system as well
by activated microglia intrathecally [6-8,33-39]. Microglia acti-
vation has been regarded as an immune response to neuron de-
generation and death, but abnormal peripheral immune respons-
es are of unknown etiology [7,36-40].

More specifically marked increase of cytokine levels, espe-
cially TNF-α, IL-1β, IL-6 and IL-2 were found in the substan-
tia nigra and in the striatum of parkinsonian patients [7,8]. Fur-
thermore the density of glial cells in the substantia nigra ex-
pressing TNF-α, IL-1β and IFN-γ were elevated in PD patients
compared with age-matched controls [6]. TNF-α, IL1β, IL-2,
IL-4 and IL-6 were also significantly increased in the CSF in
PD [7,8,41]. An inverse correlation between IL-6 levels in CSF
and disease severity has been reported by Müller et al [42].
Studies about cytokine blood levels in PD are controversial.
Blum-Degen [41] found no alteration of the cytokine levels
while Dobbs et al [33] reported increased serum TNF-α in pa-

tients with abnormal postural and psychomotor responses. Al-
terations of T-lymphocyte populations are also present in the
peripheral blood of parkinsonian patients. These alterations in-
clude decrease of CD4+CD45RA+ naïve T cells and increase
of CD4+CD45RO+ memory T cells, TCRγδ+, and CD4 bright+
CD8 dull+ T cells [34,35,38].

A further support to the possible implication of cytokine in
PD comes from genetic studies. A polymorphism of IL-1β en-
coding gene has been associated with an increased risk of devel-
oping PD thereby indirectly incriminating inflammatory re-
sponses in the development of the disease [43].

In our study significant increase in NK cells in PD was ob-
served, but the most interesting findings concern the circulating
cytokines. Proinflammatory IL-1 levels were elevated and anti
inflammatory IL-1Ra levels were significantly decreased. These
finding are in line with the hypothesis of inflammatory factors
involvement in PD pathogenesis. There are arguments about the
correct interpretation of circulating cytokine levels and their re-
lationship to intracerebral processes. It is possible that circulat-
ing levels of cytokines reflect systemic inflammation, but may
not adequately mirror intracerebral inflammatory responses due
to the presence of the blood brain barrier [39,44]. In this context,
it is noteworthy that perivascular macrophages and microglia in
the brain that participate in intraparenchymal inflammation are
derived from circulating macrophages. Therefore, measurement
of the peripheral cytokines may better reflect their potential to
contribute to intracerebral inflammation [7,44].

Exploring the relation of the circulating cytokines studied
and fatigue severity, we observed a positive correlation between
IL-1Ra and fatigue severity. However, this correlation did not stand
vigorous statistical testing and was confounded by depression.

To the best of our knowledge there are no other published
studies that address the topic of immune related factors and fa-
tigue in PD. There are a number of interesting studies in cancer
patients linking IL-1Ra to fatigue, but it does not sound reason-
able to make any direct associations to our patients [30].

It is obvious that the pathophysiology of fatigue in PD is a
complex phenomenon. Various mechanisms must be taken into
consideration simultaneously [1,4]. The complex interplay be-
tween brain function and immune mechanisms cannot be so eas-
ily conceptualized. The present study is a preliminary, explorato-
ry attempt to address the problem of a possible relation between
fatigue and immune factors in PD. More studies are required to
replicate these data and to explore this hypothesis further.
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¿FACTORES INMUNES O DEPRESIÓN? LA FATIGA RELACIONADA CON LA ENFERMEDAD DE PARKINSON

Resumen. Introducción. La fatiga es un síntoma frecuente en la enfermedad de Parkinson (EP), pero su patogénesis permane-
ce sin aclarar. El propósito de este estudio fue evaluar la fatiga de pacientes con EP en relación con los factores inmunológi-
cos. Sujetos y métodos. Se estudiaron 40 pacientes con EP y 26 sujetos control. La fatiga se evaluó con la Fatigue Severity
Scale (FSS). Se empleó el Beck Depression Inventory (BDI) para examinar la depresión. Como factores inmunológicos se es-
tudiaron los linfocitos T y B, subclases de linfocitos T (helper y supressor), así como las células natural killer (NK), y los nive-
les sanguíneos de interleucinas IL-1alfa, IL-1beta, IL-6, el antagonista del receptor de IL-1 (IL-1Ra) y el factor de necrosis
tumoral alfa. Resultados. Se encontró significación estadística (p < 0,01) entre los niveles sanguíneos de IL-1Ra y la grave-
dad de la fatiga, pero tras excluir los pacientes con depresión y EP, el nivel de significación disminuyó a p = 0,055. Conclu-
siones. Se hallaron diferencias inmunológicas en los niveles sanguíneos de pacientes con EP y sujetos control en los porcen-
tajes de células NK, IL-1beta e IL-1Ra. La fatiga correlacionaba con la depresión y los niveles de IL-1Ra. Sin embargo, tras
la exclusión de los pacientes con depresión, los niveles de IL-1Ra mostraron sólo una tendencia hacia la significación, y si-
tuaron a la depresión como el principal factor correlacionado con la fatiga. [REV NEUROL 2007; 45: 725-8]
Palabras clave. Citocinas. Depresión. Enfermedad de Parkinson. Fatiga. FSS. Linfocitos T y B.


