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	 Background:	 Sleep dysfunctions impose a large burden on quality of life for patients with Parkinson’s disease (PD). Several 
studies on PD reported potential therapeutic effects of transcranial direct current stimulation (tDCS) on motor 
and non-motor functions, but not related to sleep quality. Therefore, the present study examined sleep quality, 
depression perception, and quality of life changes after bilateral anodal tDCS in patients with PD.

	 Material/Methods:	 Twenty-one patients (n=21) with PD underwent 10 sessions (20 min each, 5 per week) of bilateral anodal tDCS 
stimulation applied simultaneously over the left and right prefrontal and motor areas. The Pittsburgh Sleep 
Quality Index (PSQI) total score and sub-scores, Geriatric Depression Scale (GDS), and Health-related quality of 
life questionnaire (SF-36) were measured pre/post bilateral tDCS anodal stimulation.

	 Results:	 PSQI total score (P=0.045), sleep latency sub-score (P=0.02), and GDS total score (P=0.016) significantly decreased, 
and physical and mental components scores of SF-36 (P=0.018 and P=0.001, respectively) significantly increased 
after bilateral anodal tDCS stimulation. The GDS score decrease was directly correlated with decrease in PSQI 
total score (P=0.01), sleep latency sub-score (P=0.002), and sleep disturbance sub-score (P=0.003). In addition, 
the GDS score decrease was inversely correlated with increasing mental component score of SF-36 (P=0.001), 
which was directly correlated with an increase in sleep efficiency sub-score (P=0.03) and the physical compo-
nent score of SF-36 (P=0.0001).

	 Conclusions:	 Bilateral anodal tDCS stimulation showed potential therapeutic effects in patients with PD in terms of sleep 
quality and depression level improvement, which together improved mental and physical quality of life in pa-
tients with PD.
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Background

Parkinson’s disease (PD) is a prevalent neurodegenerative dis-
ease associated with common motor and non-motor compli-
cations such as tremor, rigidity, bradykinesia, cognitive impair-
ments, psychiatric, autonomic, and sensory dysfunctions [1,2]. 
Recently, studies have focused on sleep quality measures as an 
important non-motor symptom that might negatively impact 
individuals with PD. Community-based studies reported 40% of 
patients with PD suffer from sleep quality disturbances [3,4]. 
Sleep disturbances were found to contribute to a high level of 
disability and reduced quality of life. In addition, PD patients 
who suffer from sleep disturbances were found to be at high 
risk of suffering from neuropsychiatric complications such as 
depression. This was confirmed in previous cross-sectional 
studies showing that approximately 40% of patients with PD 
suffer from depression [5,6]. Despite the association between 
poor sleep quality in PD and compromised quality of life in-
dices (including physical, social, and psychological functions), 
interventions that target improving sleep quality are rare. This 
is because previous studies on PD that reported correlation 
data and associations between sleep disturbances and depres-
sion [7], depression and mental health [6,7], and sleep, depres-
sion, and quality of life [8] were cross-sectional designs with 
no therapeutic intervention.

Recently, noninvasive brain stimulation techniques, especially 
transcranial direct current stimulation (tDCS), have been intro-
duced as a safe and effective treatment option for PD, as it over-
comes many complications associated with drug therapy and 
surgical intervention (e.g., dopamine-resistant symptoms, cog-
nitive deficits, depression, dementia, and hallucinations) [9–11].

Previous tDCS studies in PD have traditionally focused their 
investigation on motor or cognitive functions [12–17], although 
many studies have examined the effect of tDCS on sleep quality 
measures [18–22], there were discrepancies in their findings 
and little attention has been given to investigating the effect of 
tDCS on sleep quality and depression, and its association with 
quality of life in patients with PD. Only 1 tDCS study examined 
the effects of unilateral anodal tDCS over the prefrontal cor-
tex on sleep quality and depression in patients with PD [18]; 
however, it reported that both the left and right prefrontal, 
premotor area, and primary motor area are all involved in sleep 
regulation and depression pathophysiology [23–26]. The study 
used only daytime sleepiness as a measure of sleep quality 
and reported contradictory findings, and the researchers rec-
ommended further studies that measure more sleep domains, 
such as overnight sleep, sleep latency, and duration, as well 
as depression and its association with sleep [18]. To the best 
of our knowledge, no study has investigated the effect of bi-
lateral anodal tDCS stimulation applied over the left and right 
prefrontal cortex, premotor, and primary motor areas on sleep 

quality, health-related quality of life, and depression measures 
and their potential association in patients with PD.

Therefore, the major aims of this study were: 1) to identify the 
potential therapeutic effects of bilateral anodal tDCS stimula-
tion on sleep quality, depression, and quality of life measures 
in patients with PD; and 2) to identify the potential associa-
tion between sleep quality, depression perception level, and 
quality of life changes after the stimulation in patients with 
PD, hypothesizing that there would be a therapeutic effect 
of bilateral anodal tDCS on these outcome measurements in 
patients with PD, and there would be a direct correlation be-
tween these outcome measurement changes.

Material and Methods

Study design

This was a feasibility study with pre/post-intervention design, 
examining the potential therapeutic effects of bilateral anodal 
tDCS stimulation on sleep quality, quality of life, and depres-
sion perception in patients with PD. All procedures performed 
involving human participants were in accordance with the eth-
ical standards of the Institutional Research Committee (Jordan 
University of Science and Technology/Institutional Review Board 
(approval No. 2016/97/8) and with the 1964 Helsinki Declaration 
and its later amendments. Written informed consent was ob-
tained from all patients before participation in the study.

Participants

During 1 year of recruitment, a convenience sampling of 21 
subjects (mean age 62 years, range 43–76 years, 15 males 
and 6 females) with idiopathic PD participated in the study. 
All participants were in stages 1 to 5 (modified Hoehn and 
Yahr stage), at “on” stage of medication, without a history 
of deep brain stimulation, in a stable medical regimen for at 
least 3 weeks before entering the study, and had to remain 
clinically stable throughout the study. Patients with seizures 
and/or brain metal implants were excluded. For the duration 
of the study, patients had to maintain the same dose of med-
ication, by which the assessments and therapeutic sessions 
were conducted during the peak effect of L-dopa medication 
(1 hour after medication intake) to avoid any problems relevant 
to “on–off” periods associated with PD. In addition, evaluation 
and assessment were carried out within 3 days before starting 
the tDCS therapy and after the completion of tDCS therapy.

Intervention protocol

Previous unilateral anodal tDCS studies in a patient with PD 
used the 10-20 EEG system, where anode tDCS stimulation 
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was applied over C3 as the excitation site for M1 or over F3 as 
the excitation site for DLPFC [10–16]. However, in this study, 
bilateral anodal tDCS stimulation used the 10-10 EEG system 
to place 2 anode electrodes over the left FC1 and right FC2, and 
2 cathode electrodes were placed over the left and right supra-
orbital areas, respectively (Figure 1). FC1 and FC2 are just be-
tween and over the left and right M1 and DLPFC, respectively. 
Therefore, these anodal electrodes placement over FC1 and FC2 
was chosen to stimulate the M1 and DLPFC of the right and 
left hemispheres simultaneously, and it has been confirmed in 
a previous study [27] that investigated the spatial distribution, 
magnitude, and direction of current density in the computer-
aided spherical head model during tDCS, and reported the ac-
curate excitation locations as well as the safety of the protocol.

Each patient received 10 sessions (5 sessions per week for 2 
weeks) of bilateral anodal stimulation of low-intensity direct elec-
trical current (1 mA per each electrode) for 20 min per session. 
The anode and cathode electrodes were 25 cm2 surface area 
and the skin was moistened. The tDCS was mainly applied in the 
morning hours between 9.00 am and 12.00 pm. This was consis-
tent between all subjects, and this stimulation dose and protocol 
exhibited no adverse or side effects on our patients’ health.

Outcome measures

Three main outcome measures were examined before and 
after the bilateral anodal tDCS therapy: (1) sleep quality, 

(2) quality of life, and (3) depression measures. In terms of 
sleep quality, quality of life, and depression measures, 3 scales 
were evaluated before and after the bilateral anodal stimula-
tion: the Pittsburgh Sleep Quality Index (PSQI) for sleep quality 
measures, the short form health status questionnaire (SF-36) 
for health-related quality of life measures, and the Geriatric 
Depression Scale (GDS) for depression measures.

The PSQI is a well-known, validated, and reliable self-reported 
instrument used to measure the clinical construct of sleep 
quality. It consists of 18 questions scored from 0 (no difficulty) 
to 3 (severe difficulty) and ends with total score and sub-scores 
of 7 domains: 1) sleep quality, 2) sleep latency, 3) sleep duration, 
4) sleep medication, 5) sleep disturbances, 6) daytime dys-
function, and 7) habitual sleep efficiency [28]. The SF-36 is a 
valid and reliable tool to evaluate the perceived health-related 
quality of life and level of participation. It is a self-reported 
questionnaire and consists of 36 questions measured as a 
total score of 2 domains (physical and mental components 
summary scores) and sub-scores of 8 domains: 1) physical 
functioning, 2) role physical, 3) vitality/energy, 4) bodily pain, 
5) social functioning, 6) role emotional, 7) mental health, and 
8) general health perceptions [29]. SF-36 items and scales are 
scored so that a higher score indicates a better health state. 
For example, functioning scales are scored so that a high score 
indicates better functioning and the pain scale is scored so 
that a high score indicates freedom from pain. After data entry, 
items and scales are scored in 3 steps: 1) item recoding, for 

A B

Figure 1. �Electrodes placement of bilateral anodal tDCS. (A) 10-10 EEG schematic view showing bilateral anodal tDCS electrodes 
placement, in which 2 anodal electrodes are placed over FC1 and FC2, and the cathode electrodes are placed over the left 
and right supraorbital area. (B) 3D brain image is structured by using software (Neuroelectric, NIC, Spain) to show the 
simulated electric field distribution in the bilateral DLPFC, supplementary motor, and M1 areas generated by the bilateral 
anodal tDCS stimulation, White triangle indicates central sulcus.
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the items that require recoding; 2) computing scale scores by 
summing across items in the same scale (raw scale scores); 
and then 3) transforming raw scale scores to a 0–100 scale 
(transformed scale scores) [30]. The GDS is a 30-item question-
naire and is a highly reliable and valid screening tool used to 
measure the depression level across different ages, genders, 
and ethnicities in community and social service settings [31].

Statistics

Paired t tests were used to compare the outcome measures 
between pre- and post-conditions. In addition, Pearson’s cor-
relation test was used to identify if there was any correlation 
between the changes in outcome measurements after the bi-
lateral anodal tDCS (i.e., if the change scores in depression, 
sleep, and quality of life outcomes correlate with each other). 
This correlational analysis was only exploratory and was per-
formed to provide further insight into the obtained findings. 
Only the significant results are reported here.

Results

Twenty-one participants completed the study with no reported 
side effects. The average duration of PD diagnosis was 7.0±2.9 
years, and the average modified Hoehn and Yahr stage in the 
“on” state was 3.0±0.8 (Table 1).

For the sleep quality measures, the results showed signifi-
cant improvements in sleep quality. A paired t test showed 
a significant decrease in the mean total score of the PSQI 
(P=0.045) and its sleep latency domain sub-scores (P=0.02) 
after bilateral anodal tDCS stimulation. Sleep quality, sleep 
duration, sleep medication, sleep disturbances, daytime dys-
function, and habitual sleep efficiency domain sub-scores of 
the PSQI questionnaire were remarkably decreased after the 
bilateral anodal tDCS stimulation; however, the decrease in 
sub-scores was not statistically significant (P>0.05) (Figure 2).

For the depression perceived level, the paired t test showed a 
significant decrease in the mean total score of GDS (P=0.016) 
after bilateral anodal tDCS stimulation compared with before 
tDCS stimulation (Figure 3).

N=21 Age (years) Disease duration (years) Hoehn and Yahr stage

Female (n=6) 	 63.0±9.5 	 7.0±2.3 	 3.0±0.8

Male (n=15) 	 62.0±8.4 	 7.0±3.2 	 3.0±0.8

Table 1. Demographic data.

The table shows participants’ demographic data including gender, age, years of diagnosis, and their disease stage according to 
modified Hoehn and Yahr Scale. Data presented as mean ±SD.
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Figure 2. �Sleep quality scores. Graph shows the comparison between the calculated PSQI total score and sub-scores before and after 
the bilateral anodal tDCS stimulation. * Indicates significant difference at P<0.05, and # indicates difference is not significant 
at P<0.05.
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Health-related quality of life (SF-36 measures) data showed 
that there were significant improvements, as the paired t test 
showed significant increases in the mean total score of the 

physical and mental components summary score (P=0.018) 
and (P=0.001), respectively, after bilateral anodal tDCS stimu-
lation. In addition, there were significant changes in the SF-36 
domains related to role physical, vitality/energy, social func-
tioning, role emotional, mental health, and general health 
perceptions’ sub-scores (P<0.05) after bilateral anodal tDCS 
stimulation compared with their scores before tDCS stimula-
tion. Bodily pain and physical function domains of SF-36 sub-
scores were remarkably decreased and increased, respectively, 
after the bilateral anodal tDCS stimulation; however, the mean 
changes were not statistically significant (P>0.05) (Figure 4).

The correlation between the change score in outcome mea-
surements showed significant relationships between improve-
ments in sleep quality, health-related quality of life, and depres-
sion measures after bilateral anodal tDCS therapy. Specifically, 
Pearson’s correlation test showed significant correlation be-
tween a decrease in GDS (depression) score and decrease in 
sleep latency score (P=0.002), sleep disturbance score (P=0.003), 
and PSQI total score (P=0.01). A significant inverse correlation 
was found between the GDS score and the score for mental 
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Figure 4. �Physical and mental quality of life (SF-36). Graph shows the comparison between the calculated and transformed total score 
of mental and physical components of health-related quality of life and its sub-scores before and after the bilateral anodal 
tDCS stimulation. * Indicates significant difference at P<0.05, and # indicates difference is not significant at P<0.05. After 
data entry, items and scales were scored in 3 steps: 1) item recoding, for the items that require recoding; 2) computing scale 
scores by summing across items in the same scale (raw scale scores); and then 3) transforming raw scale scores to a 0–100 
scale (transformed scale scores).
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Figure 3. �Depression perception level. Graph shows the 
comparison between the calculated GDS total score 
before and after the bilateral anodal tDCS stimulation. 
* Indicates significant decrease (P<0.05) in patient 
depression level after bilateral anodal tDCS stimulation.
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component summary of SF-36 (P=0.001). In addition, the mental 
component summary of SF-36 was directly correlated with an 
increase in sleep efficiency sub-score of PSQI (P=0.03) and the 
physical component summary of SF-36 (P=0.0001).

Discussion

This is the first study to investigate the effect of bilateral anodal 
tDCS stimulation on sleep quality, health-related quality of life, 
and depression measures, and their potential association in 
patients with PD. In summary, the additional advantages of 
this study over the previous tDCS studies in PD [12–17], or 
sleep-related tDCS studies [18–22] are: 1) its bilateral anodal 
tDCS stimulation montage and protocol applied over motor 
and prefrontal areas simultaneously; and 2) the sleep quality, 
health-related quality of life, and depression evaluation in pa-
tients with PD. Although many studies have examined the ef-
fect of tDCS on sleep quality measures, there were discrep-
ancies in their findings [18–22]. Furthermore, only 1 study 
evaluated sleep quality in patients with PD after applying uni-
lateral anodal tDCS stimulation over the left DLPFC, and it re-
ported no significant sleep improvement in terms of daytime 
sleepiness [18]. Although a study by Frase et al. [20] showed 
that anodal tDCS over left and right DLPFC decreases the total 
sleep time in healthy participants, a study by Harvey et al. [21] 
that applied unilateral anodal tDCS over M1 reported no sleep 
quality improvement in terms of PSQI total score in healthy 
participants. Both Minichino et al. [19] and Acler et al. [22] re-
ported sleep quality improvement in terms of PSQI score and 
sub-scores after applying anodal tDCS in patients with bipolar 
disorders and patients with post-polio syndrome, respectively.

This discrepancy is expected because there is no neuroimaging 
and clinical study showing preference for one brain hemisphere 
over the other in chronic PD cases; this is because not only the 
left DLPFC, SMA, premotor, and M1 areas are involved in PD 
deficits, but also because the right DLPFC, premotor, and M1 
areas are all involved [32]. An fMRI and source modeling EEG 
have shown that sleep slow waves are primarily associated with 
activity in a core set of cortical areas that are mainly located 
in the left and right prefrontal cortex and DLPFC [23]. In addi-
tion, an EEG study identified the cortical topography of local 
sleep and showed that prefrontal cortex and DLPFC activities 
are associated with sleep functions, as are SMA, premotor, and 
primary motor (M1) areas [24]. Therefore, we assumed that 
this study’s bilateral anodal tDCS stimulation protocol over 
both left and right DLPFC, premotor, and M1 areas served as 
a comprehensive stimulation protocol assuring activation of 
the major cortical areas involved in sleep regulation. This, in 
turn, improved the sleep quality measures (PSQI total score) 
in our patients with PD.

In terms of applying tDCS many hours before the sleeping time 
instead of just before the sleeping time, it was reported that 
repeated or multi tDCS sessions lead to cumulative therapeutic 
effects more than that of a single tDCS session, when com-
pared with baseline [33]. In addition, Frase et al. [20] exam-
ined the tDCS therapeutic effect on sleep by measuring the EEG 
polysomnography before tDCS (T0), immediately after a single 
tDCS session (T1 at 11 pm, while the patient is sleeping), and 
the next day morning (T2, at 7 am), and they reported a ther-
apeutic effect of tDCS on sleep in T1/T2 – EEG records com-
pared with T0 – EEG record, and there were no differences in 
EEG recording between T1 and T2 [20]. Therefore, this study 
examined the cumulative effects of 10 sessions of tDCS on 
the sleep domains instead of a single-session effect, and this 
comes with the previous tDCS protocol in previous tDCS studies 
on sleep [18,22].

In terms of tDCS and depression, several functional imaging, 
MRI, and actigraphy studies have sought to identify brain areas 
involved in depression, and they reported abnormally low levels 
of DLPFC activity in patients with depression [25], as well as 
the involvement of supplementary and primary motor areas 
in patients with major depressive disorders [26]. In addition, 
previous tDCS studies reported the antidepressant effect of 
tDCS in patients with PD [34] or patients with various neu-
rological disorders [35]. On the other hand, previous clinical 
and EEG studies reported correlation data and association be-
tween sleep disturbances and latency, and depression in various 
neurological disorders [36,37], and in patients with PD [10]. 
Therefore, we assumed the significant decrease in depression 
level after bilateral anodal stimulation, over DLPFC, premotor, 
and M1 areas, was a result of the direct effect of tDCS stim-
ulation and the indirect effect of sleep quality improvement.

In terms of tDCS and health-related quality of life (SF-36), 
previous studies on PD reported and provided confirmatory 
evidence showing that depression, night-time sleep disorders, 
and fatigue are the variables that most affect the health-related 
quality of life in patients with PD [38,39]. Nicolettiet et al. [40] 
reported a significant inverse correlation between the overall 
psychological well-being score and the depression level, and 
the extent of sleep disruption in patients with PD, and Caap-
Ahlgren et al. [41] reported a significant correlation between 
sleep disturbance and depression with the decrease in pa-
tients’ quality of life (SF-36). In addition, our finding showed 
a significant inverse correlation between depression level and 
mental health component of the health-related quality of life 
(SF-36). Therefore, we assumed that improvement in sleep 
quality and a decrease in depression level improved the men-
tal well-being of our subjects with PD and also improved their 
physical well-being.
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Limitation

This study was a feasibility study with a few limitations that 
should be taken into consideration during interpretation of 
this study’s findings as well as for future studies. The study 
had no tDCS sham or control group, rather, it was a pre- and 
post-study design in which the baseline data served as a con-
trol group. The study was had a small sample size, and out-
comes for sleep were based only on self-reported measures. 
Therefore, future studies with a control arm that use a large 
sample size and combine objective data measures beside the 
self-reported measures are needed. In addition, the interven-
tion was short (2 weeks) with no longer periods of follow-up. 
Future work with longer periods of follow-up is warranted. It 
should be further noted that the data reported here should be 
treated with some caution because the statistical analysis did 
not account for the number of multiple comparisons. Overall, 
the feasibility data reported here warrant further randomized 
controlled trials in accordance with the new Medical Research 
Council guidelines [42].

Conclusions

In conclusion, bilateral anodal tDCS leads to improved sleep 
quality and quality of life, and decreased depression level, 
with no reported adverse effects. Furthermore, a direct corre-
lation between the sleep quality improvement and decrease 
in depression perception level was found, with both variables 
showing a direct correlation with improvements in mental 
and physical quality of life. Therefore, improving sleep quality 
may have beneficial effects beyond improving sleep because 
it can reduce depression and improve the quality of life of pa-
tients with PD.
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