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ABSTRACT

In the present open-label study, our first aim was to study the tolerability and feasibility of long-term
treatment with transcranial direct current stimulation (tDCS) and the second aim was to measure whether
the treatment led to cognitive improvement. Participants with AD used a tDCS home-treatment kit
inducing a low current (2 mA) via two scalp electrodes 30 minutes daily for 4 months. A total of 8
participants were recruited. The treatment technique was manageable for the participants and their
spouses, and no troublesome side effects were reported. No significant effects of treatment were found

after 4 months.

Introduction

Alzheimer’s disease is neurodegenerative, with atrophy com-
mencing in the hippocampus, entorhinal cortex, and surround-
ing areas in the medial temporal cortex (Frisoni et al., 2010;
Mosconi et al., 2007). Functional magnetic resonance imaging
studies have shown decreased activation in these areas during
memory tasks in patients with Alzheimer’s disease (Remy et al.,
2005). Moreover, the disease is associated with impaired neu-
roplasticity (Koch et al., 2012; Kumar et al., 2017).

Transcranial direct current stimulation (tDCS) is
a noninvasive brain stimulation technique that may enhance
neuroplasticity, which is disrupted in Alzheimer's disease
(Rajji, 2019). By applying low current (1-2 mA) via two or
more scalp electrodes, tDCS modulates cortical excitability by
altering the resting membrane potential of neurons, depend-
ing on the current flow direction (Nitsche, Fricke et al., 2003).
Anodal stimulation modulates the resting membrane poten-
tial toward depolarization, increasing the chance of sponta-
neous firing and the excitability of multiple neurons under
the stimulation site (Medeiros et al., 2012). Moreover, anodal
tDCS show synaptic after effects, with mechanisms consistent
with use- dependent synaptic plasticity (long- term potentia-
tion; Hansen, 2012; Nitsche, Fricke et al., 2003; Stagg &
Nitsche, 2011). The involvement of NMDA receptors in
tDCS- after effects are proven in pharmacological studies
with NMDA inhibitors suppressing the effect of anodal tDCS
(Liebetanz et al., 2002). Anodal tDCS also cause a decrease in
GABA and increase in glutamate (Stagg et al, 2009). Both
GABA and glutamate, being respectively inhibitory and exci-
tatory neurotransmitters, are crucial mediators of LTP.

tDCS has been tested in both healthy participants and patients
suffering from psychiatric and neurological conditions in hun-
dreds of clinical trials. The method is considered both safe and
well tolerated (Bikson et al.,, 2016; Nitsche, Liebetanz et al., 2003).
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Meta-analyses on tDCS studies in Alzheimer’s patients show
relatively optimistic results. However, the data are inconsistent,
and existing RCTs are limited by small sample sizes (Cai et al.,
2019; Hsu et al., 2015; Rajji, 2019). Cai et al reported that tDCS
significantly improved cognitive functions in patients with AD
(standardized mean difference: 0.37; Cai et al., 2019). Whether
tDCS treatment is superior/inferior to other interventions is not
clear. Alternative method designs, such as increasing the num-
ber of treatment sessions and assessing the long-term effects,
can be useful when studying tDCS in Alzheimer’s patients.

Multiple tDCS sessions to Alzheimer’s patients have shown
to improve cognitive function (Im et al.,, 2019; Khedr et al., 2014)
and memory performance (Bystad et al., 2017). However, sev-
eral separate visits to a research lab can be a burden for both
patients and caregivers. Thus, patients with Alzheimer’s disease
can be difficult to recruit to clinical trials (Clement et al., 2019;
Grill & Karlawish, 2010). Trials designed with a large number of
visits will likely increase drop-out rates and reduce the prob-
ability of achieving sufficient sample sizes. A study by Valiengo
et al,, 2013 reported that participants listed the burden of
regular visits as the main reason why they dropped out of
multiple session-tDCS clinical trials (Valiengo et al., 2013). New
approaches with less frequent visits to a research lab are
needed to ensure that potential participants with Alzheimer’s
disease can participate in tDCS clinical trials. A solution may be
to shift tDCS from clinics to home-based applications.

tDCS equipment is inexpensive compared to other non-
invasive brain stimulation techniques. The apparatus is also
portable, which makes treatment from home possible.
Although the majority of tDCS studies on Alzheimer’s
patients have been carried out in clinical settings, two have
had home-based designs. These two studies, an RCT study by
Im and a case study by Bystad, have shown promising results
after months-long treatment with daily tDCS sessions (Bystad
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et al,, 2017; Im et al., 2019) . The results by Im and colleagues
showed that anodal stimulation over the left dorsolateral
prefrontal cortex improved participants’ scores on the
MMSE and the Boston Naming task compared to the sham
group. They also registered stabilization in glucose levels in
the group receiving stimulation, while a decrease was
reported for the sham group. The active group received
daily sessions of stimulation for 30 minutes over 6 months.
The case study by Bystad et al. (2017) was the longest
reported tDCS study for patients with Alzheimer’s disease.
In that study, a man diagnosed with Alzheimer’s disease
received daily 30-minute sessions of tDCS, with anodal sti-
mulation over the temporal lobe, over 8 months. The results
showed a 39% improvement in immediate recall perfor-
mance and a 23% improvement in delayed recall perfor-
mance, in addition to the preservation of general cognitive
function as measured by the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS).

Clinical guidelines for remotely supervised tDCS suggest
that to keep home-based tDCS safe and well tolerated,
follow-up visits from researchers are important to ensure
correct use of the tDCS device (Charvet et al.,, 2015). Other
important factors to reduce dropout rates are hands-on
training and prefixed electrodes, both of which safeguard
correct placement and make the devices easier to use
(Hagenacker et al., 2014).

Aims of the study

In the present study, home-based, self-administered tDCS
was offered to eight patients with Alzheimer’s disease. The
patients, with help from their caregivers, received 30 min-
utes of 2 mA anodal stimulation daily over the left temporal
lobe, aiming to reach the hippocampus, entorhinal cortex
and surrounding areas that are essential for memory per-
formance. These areas are affected early on in Alzheimer’s
disease (Dickerson & Sperling, 2008). As in the majority of
previous Alzheimer’s studies with anodal tDCS stimulation
over the left medial temporal lobe, the return electrode was
placed over the right frontal region(Cai et al., 2019). The
protocol was also similar to the one used in our previous
case study with promising results (Bystad et al., 2017). Our
first aim was to study both the tolerability and feasibility of
long-term, home-based tDCS in Alzheimer's patients, and
our second aim was to measure potential changes in cogni-
tion. To measure whether tDCS influenced cognitive func-
tions, cognitive tests were administered before the first
tDCS session and after four months of daily stimulation.
The patients were also retested four months after the
tDCS sessions ended.

Methods
Participants

Participants aged 60-75 years who had participated in a previous
tDCS study (with an accelerated design that lasted one week
(Rasmussen et al., 2021)) were recruited for the present home-
based study. Patients had to meet the diagnostic criteria of
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probable Alzheimer’s disease according to the revised National
Institute of Neurological and Communicative Disorders and
Stroke Alzheimer Disease and Related Disorders Association
(NINCDS-ADRDA; McKhann et al., 2011). We followed
Section 4.2: “Probable Alzheimer's disease with increased level
of certainty.” These criteria included evidence of a progressive
cognitive decline based on cognitive and/or neuropsychological
evaluation and information from informants (relatives). We set
a four-month period from the last tDCS study to enrollment in
the current study. If participants were medicated for AD (e.g.,
cholinesterase inhibitors, memantine), our inclusion criterion was
that participants maintained a stable dose over the last three
months, and the participants were encouraged to not discon-
tinue the medication during the follow-up period. Participants
were also required to live with a caregiver since the study was
home-based. The exclusion criteria were metallic implants in the
head or a history of seizures, severe illness, psychosis or depres-
sion (measured with a Cornell Depression Scale score over 11
(Alexopoulos et al., 1988)). Participants’ Mini Mental State
Examination (MMSE) scores had to be 17 or higher.

Study protocol

This study was an open label trial in which equivalent treatment
was given to all participants over a 4-month period, followed by
retesting 4 months after the end of treatment.

Participants visited the hospital three times. The first meet-
ing included providing information about the study, obtaining
informed consent signatures, testing cognitive function (pret-
est) and training to apply tDCS treatment. The second meeting
was at the end of the 4-month tDCS treatment and included
a new cognitive assessment (posttest). The third meeting was
4 months after the tDCS treatment had ended.

After enrollment, the participants underwent a battery of
cognitive tests. Then both the participants and their caregivers
were trained by the psychiatrist in how to use the tDCS equip-
ment. After training, the participant and the caregiver tested
the equipment in front of the researcher to ensure that they
were able to use the device. The project leader made a home
visit to the participants within 4 days after the study com-
menced; another 2 home visits and 3 phone calls were con-
ducted during the 4-month period to check for tDCS feasibility
and side effects. The tDCS Adverse Effects Questionnaire was
used to assess side effects (Brunoni et al., 2011).

Home-based transcranial direct current stimulation

Active tDCS at 2 mA was applied via surface-based electro-
des (round shaped, 4.5 cm in diameter) with saline-soaked
sponges daily over a 4-month period. The device used was
a Sooma tDCS stimulator. The anode electrode was placed
over the left temporal lobe (T7 according to the 10-20 EEG
system), and the cathode electrode was placed over the
right dorsolateral prefrontal cortex (F4 according to the
10-20 EEG system). A cap from the manufacturer was used
to fix the electrodes, -the location of the electrodes was
marked by the researchers, and a hole was cut in the cap to
insert the electrodes. The participants and their caregivers
were trained in placing the cap correctly on the scalp. The
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cable attachment points on the cap were labeled “RED” and
“BLACK"” to ensure that the cables were properly placed.
Upon a press of the start button, the current ramped up
to 2 mA during the first 30 seconds, remained at 2 mA for
29 minutes and then automatically ramped down to 0 mA
during the last 30 seconds. The usage log was automatically
stored and was checked at the home visits and at posttest.
The participants were instructed to stay awake and sit in
a chair during stimulation. No further instructions were
given regarding activity, with the rationale that additional
limitations could make the procedure overwhelming and
less feasible for the patients.

Cognitive assessment

The cognitive test battery included the Mini Mental State
Examination (MMSE), Clock Drawing Test, Trail Making Test
A and B (TMT A & B) and Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS). The
MMSE and the Clock Drawing Test are cognitive tests fre-
quently used screen for dementia and, together with TMT
A & B, are carried out in the primary health care unit in
Norway in the first stage of dementia evaluation. RBANS is
a neuropsychological test battery normed by age (Randolph
et al,, 1998) . This test battery consists of 10 subtests, cover-
ing the domains of immediate verbal memory, visuospatial/
constructional function, language ability, attention, and
delayed visual and verbal memory. To reduce test-retest
effects, two parallel versions were administered. RBANS
has high specificity (82%) and sensitivity (98%) for the
detection of Alzheimer’s disease, with test-retest reliability
between 0.81 and 0.94 (Duff et al., 2008).
A licensed psychologist conducted the cognitive testing.

Statistical analysis

IBM Statistical Package for the Social Science, version 26 soft-
ware (SPSS Inc., Chicago, lllinois, USA) was applied in the sta-
tistical analysis. Visual inspections of P-P plots and
Kolmogorov-Smirnov tests were used to test if the data were
normally distributed. For normally distributed variables, paired
samples t tests were applied; the Friedman test was used for
nonnormally distributed variables. P values <.05 were consid-
ered significant.

Results

A total of 8 participants were included in the study. The char-
acteristics of the participants are presented in Table 1. One
participant withdrew from the study after three months and
reported that she was tired of using the tDCS stimulator, this
participant was the only one with moderate stage of AD. In
total, 7 participants were included in the final analysis.
Dementia stage of AD for each participant, number of sessions
and number of skipped sessions is presented in Table 2. All
participants were asked repeatedly about side effects based on
the tDCS Adverse Effect Questionnaire, but none of the partici-
pants reported side effects apart from a slight tingling

Table 1. Patient characteristics.

Variable n

Sex, male 4 (50%)
Age, mean 75 (65-81)
Marital status, married 8 (100%)
Education, years 12.9 (8-25)
Cholinesterase inhibitor 8 (100%)
Years since first symptoms 4.4 (2-8)
Years since diagnosis 2.5 (1-5)

Note: The values in parenthesis are ranges unless otherwise specified.

Table 2. Stage of Alzheimers disease including MMSE pre-treatment, number of
completed and skipped treatment sessions .

Participant Number of seesions MMSE pre-
number AD stage (skipped) treatment
1 Mild 118 (5) 19
2 Mild 115 (7) 22
3 Moderate 55 (6) 16
4 Mild 120 (3) 28
5 Mild 114 (9) 23
6 Mild 117 (6) 25
7 Mild 112 (8) 20
8 Mild 118 (3) 26

“The participant had MMSE <17, but was allowed to participate after an assessment

sensation in the area surrounding the electrodes during the 30-
minute treatment. This was not described as painful or as
something that made the participants want to end the treat-
ment. Two of the participants managed to put on the cap
without assistance from their spouse, while the procedure
was administered by the spouse for the other participants. All
participants used cholinesterase inhibitor drugs during the
8-month study period.

The participants and their spouses reported that the treat-
ment was not stressful or tiresome, except for one participant
who withdrew after three months. The tolerability and feasibil-
ity of the 4-month treatment was therefore regarded as good.

The overall results of the treatment are presented in Table 3.
The Friedman test failed to find any significant changes over
the eight months on MMSE scores (X2 (2) = 3.630, p = 0.163),
TMT A or B scores (A: X (2) = 0.857, p = 0.66; B: X* (2) = 4.80,
p = 0.91), clock drawing test scores (X* (2) = 2.00, p = 0.36),0r on
immediate recall (X (2) = 0.51, p = 0.77), attention (X* (2) = 2.81,
p = 0.24), verbal (X? (2) = 2.38, p = 0.30), visuospatial (X>
(2) = 1.46, p = 0.48), or delayed recall (X (2) = 0.42, p = 0.80)
abilities.

Thus, there was no significant improvement in scores on the
neuropsychological tests by the end of the treatment period,
even if a small non-significant improvement in all tests applied
except for the test of visuospatial abilities. The number of
participants that improved in scores on the neuropsychological
tests during the treatment period and 4 months after the end of
treatment is shown in Table 4.

Discussion

In this study involving patients with Alzheimer’s disease,
a 4-month long daily home-based tDCS treatment was shown
to be feasible and well tolerated. Apart from a tingling sensa-
tion on the electrode sites, no side effects were reported.
A small nonsignificant improvement in nearly all the measured



Table 3. Results after 4 months of treatment and 4 months after the end of
treatment.

Pretest
mean (SD) Posttest 4 months after Posttest

MMSEa 233 (33) 243 (4.4) 22.1 (4.6)
Clock drawing test 4.4 (1.5) 46 (1.1) 46 (1.1)
TMTA ™ 70.0 (29.1) 68.4 (40.2) 73.7 (54.9)
TMT B 140 (95.2) 93.2 (41.1) 132.4 (60.3)
RBANS index 348.3 (69) 352.9 (103) 3427 (79)
RBANS raw score 56.3 (18.6) 60.1 (25.7) 55.9 (19.7)
Immediate recall 64.3 (16.2) 66.3 (19.2) 65.3 (15.4)

Raw score 29.7 (7.6) 30.3 (9.3) 29.9 (7.3)
Visuospatial 94 (18.0) 84.6 (27.9) 87.0 (25.0)

Raw score 33.6 (5.0) 30.4 (9.3) 31.1(8.1)
Languagea** 68.7 (9.9) 74.0 (21.0) 69.4 (10.6)
Attention 70.0 (26.0) 72.9 (25.2) 66.0 (27.9)

Raw score 33.9(12.7) 35.1(12.7) 32.1(14.8)
Delayed memory 51.3 (34.2) 55.1 (25.3) 55.0 (23.2)

Raw score 22.7 (12.9) 22.9 (13.5) 22,6 (12.4)

aMMSE: maximum score 30 point ** Clock drawing test: lowest score is 0 and
maximum score is 5., *** TMT A & B are displayed in seconds.Immediate recall,
visuospatial function, language, attention, and delayed recall are from the repea-
table battery for the assessment of neuropsychological status (RBANS) and are
index scores (normalized mean is 100, SD = 15).

Table 4. Number of participants with improvement in neuropsychological test
scores.

Posttest to 4 months after

Pretest to posttest Posttest
MMSE 5 (0/2) 1(1/5)
Clock drawing 1 (6/0) 0 (7/0)
TMT A 5(0/1) 4 (0/3)
TMT B 4 (0/3) 0 (2/5)
Immediate recall 4 (0/3) 3 (0/4)
Visuospatial 3 (0/4) 5(1/1)
Language 5(1/1) 3 (0/4)
Delayed memory 51/1) 3 (0/4)

Note: The data present the number of participants showing improvements.
Improvement is defined as positive changes either from pretest to posttest 1 or
from posttest 1 to posttest 2. “Numbers in parentheses indicate (“no changes”/
“worsened”).

areas was observed, followed by a small decline 4 months after
the end of treatment, but it is not possible to draw any conclu-
sion about effect in this study

The equipment used in home-based tDCS is not technically
complicated, but it involves some procedural steps that can be
challenging for people with dementia. However, with support
from a spouse, our study has shown that home-based tDCS is
feasible. Two patients managed to administer the treatment
themselves, but our overall impression is that this patient
group must rely on either a spouse or a daily visit from
a health care worker to ensure a proper treatment procedure.
The patient who dropped out of the study had the lowest
MMSE and RBANS scores in the sample.

Most studies on tDCS have used a short treatment period of
5-10 days, and few side effects have been reported (Boggio
et al, 2012; Bystad et al., 2016; Cotelli et al., 2014).However, it is
not obvious how these observations will apply to long-term
home-based treatment; therefore, mild side effects reported in
our study is intriguing and is consistent with another home-
based study on patients with dementia (Im et al., 2019). Home-
based tDCS has also been used to treat other conditions, such
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as depression and pain, and the same low frequency of side
effects has been reported in these studies (Alonzo et al., 2019;
Brietzke et al., 2020).

The improvement in participants’ scores on the neuropsy-
chological tests was not significant. This study was a pilot study
with few participants, and the improvement could have been
due to coincidence or a placebo effect. However, placebo
effects in dementia are relatively low (Benedetti et al., 2011).
In addition, it is not possible to rule out a type Il error due to the
small number of participants. Alzheimer’s disease progressively
advances but some patients remain stable for up to a year or
longer. The improvements in neuropsychological test scores
after 4 months of treatment in this study, although not signifi-
cant, are promising and supported by another home-based
study (Im et al, 2019). In a 6-month RCT (n = 18) Im and
colleagues used active and sham home-based tDCS over the
DLPFC and reported small but significant improvements in
MMSE and language function, but not in delayed recall.
A case study using home-based tDCS treatment over the left
temporal lobe for a 8 month period reported stable cognitive
function in the study period and a 23% improvement in
delayed recall (Bystad et al., 2017).

Research on tDCS is complicated to interpret due to lack of
consensus on electrode placement, duration of treatment and
which cognitive tests to administer (Gonzalez et al., 2018). Most
studies on Alzheimer’s disease have used either anodal stimu-
lation of the DLPFC (Cotelli et al., 2014; Khedr et al., 2014;
Suemoto et al., 2014) or the left temporal lobe (Boggio et al.,
2012; Bystad et al., 2016; Ferrucci et al., 2008). In our study,
anodal stimulation of the temporal lobe was used due to its
role in memory functions. We also wanted to apply the same
procedure that was used in a home-based 8-month case study
(Bystad et al., 2017). When evaluating the effect of tDCS it is
important to not only consider the effect of the chosen “active”
electrode (here anodal tDCS), but also evaluate the influence of
the reference electrode (here cathodal tDCS). Older adults in
general, and especially patients with Alzheimer’s disease, have
a more widespread activation pattern when executing memory
tasks, involving both the left and the right hemisphere (Grady
et al,, 2003;; Pariente et al., 2005). In addition, the right DLPFC is
involved in tasks such as inhibitory control, with anodal tDCS in
particular shown to improve this function (Schroeder et al.,
2020). By inhibiting important cognitive functions in the right
frontal areas in Alzheimer’s patients, the cognitive gains of
anodal tDCS over the left cortices may be hampered.
Conventional tDCS causes bidirectional stimulation with cur-
rent flowing between the two hemispheres, not concentrated
only beneath the anode electrode placed on the area of inter-
est. To focalize current to the area of interest, high definition
(HD)-tDCS is an option (Datta et al., 2009). Usually, five small
electrodes are placed in a ring formation, with the polarity of
the middle electrode determining the direction of the current
(Villamar et al., 2013). Compared to conventional tDCS, high-
definition tDCS devices provide higher precision during stimu-
lation. However, HD-tDCS devices today are more complicated
to administer than conventional tDCS (e.g., low impedance and
correct placement for all five electrodes must be ensured). If the
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use of HD-tDCS devices is facilitated in the future, HD in home
studies with multiple tDCS sessions may be an important
research area for patients with cognitive decline.

We used a 30-minute treatment period. The duration of
tDCS stimulation is under debate. Some authors argue that
20 minutes of stimulation should be used, instead of 30 min-
utes. Monte-Silva and colleagues found that tDCS sessions
exceeding 26 minutes may lead to inhibitory effects rather
than excitatory effects (Monte-Silva et al., 2013). This is caused
by an overabundance of calcium that impairs neuroplasticity.

Some studies have combined cognitive training and tDCS
(Boggio et al., 2009; Cotelli et al., 2014). In a review by Gonzales
and colleagues no conclusive advantage in combining the two
was found (Gonzalez et al., 2018). As in tDCS literature in
general, these studies are heterogeneous regarding stimulation
site, electrode size, task given and variation among partici-
pants, among others. In a recent study by Andrade and collea-
gues, Alzheimer's patients receiving cognitive stimulation
combined with tDCS showed delayed cognitive decline and
changes in EEG activity compared to patients receiving cogni-
tive training and sham tDCS. The results showed that indivi-
duals earlier in the disease course had greater changes in the
EEG analysis before and after treatment.(Andrade et al., 2022).
The use of EEG and perhaps other biomarkers could provide
information to why some individuals respond better to tDCS
than others.

Home-based treatment for Alzheimer’s disease is feasible and
tolerated. To establish whether the treatment is efficient, further
studies should be conducted with even longer treatment dura-
tions, and 20-minute session periods could also be considered.
Other studies could investigate which stage of the disease the
treatment should start at, whether it is more efficient than the
current dementia drugs and if there are patient characteristics
that could predict better outcomes (e.g., genetics, age, duration
of the disease, level of cognitive decline at inclusion).

Strength and limitations

This study has several limitations. The sample size was small, and
it was an open-label study; thus, it was not designed to detect
significant effects of the treatment. Rare side effects could be
missed due to the size of the study, but as pointed out in the
discussion, only minor side effects have been reported in other,
larger tDCS studies. The participants reported assessing different
activities during the stimulation period. Some watched the news,
some ate breakfast and others reported resting. The tasks during
tDCS was not controlled, being a limitation of our study.
A specific task could have made the brain state more similar
across patients and cognitive task during the stimulation may
improve the cognitive effect of tDCS.

The patients had participated in a short tDCS study in
a laboratory more than 4 months prior to inclusion in the
present study. It is not likely that this previous tDCS stimulation
would influence the results, but the participants could be espe-
cially motivated to participate in this kind of study.

The strengths of the study are a relatively long treatment
period followed by a 4-month follow-up, close monitoring for
side effects and the use of an age-normed neuropsychological
test battery to assess a variety of cognitive functions.

Conclusion

A 4-month home-based tDCS treatment of 8 patients with
Alzheimer’s disease revealed that the treatment method was
feasible and well tolerated. We did not find any significant
improvements in neuropsychological test scores during the
treatment period. Further studies with greater numbers of
participants and longer treatment periods should be
conducted.
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