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Abstract

Background: Late-life depression (LLD) has a poorer prognosis and higher relapse rate than younger adults, with up
to one third of patients with LLD showing suboptimal response to antidepressant therapy. LLD has been associated
with significant impairment in cognition and daily functioning. Few studies have evaluated the therapeutic effects

of high-definition transcranial direct current stimulation (HD-tDCS) on depressive and cognitive symptoms of LLD. The
current randomized controlled trial assesses the efficacy of HD-tDCS as an augmentation therapy with antidepres-
sants compared to sham-control in subjects with LLD.

Methods: Fifty-eight patients with LLD will be recruited and randomly assigned to the active HD-tDCS or sham
HD-tDCS group. In both groups, patients will receive the active or sham intervention in addition to their pre-existing
antidepressant therapy, for 2 weeks with 5 sessions per week, each lasting 30 min. The primary outcome measures
will be the change of depressive symptoms, clinical response and the remission rate as measured with the Hamilton
Depression Rating scale (HAMD-17) before and after the intervention, and at the 4th and 12th week after the com-
pleted intervention. Secondary outcome measures include cognitive symptoms, anxiety symptoms, daily functioning
and adverse effects.

Discussion: Older adults with depression are associated with poorer outcomes or unsatisfactory responses to
antidepressant therapy, and significant cognitive decline. Therefore, a new effective treatment option is needed. This
randomized control trial aims at assessing the efficacy of HD-tDCS on ameliorating the depressive, cognitive and anxi-
ety symptoms, and improving the daily functioning of subjects with LLD.
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Administrative information

Note: the numbers in curly brackets in this protocol refer to
the SPIRIT checklist item numbers. The order of the items
has been modified to group similar items (see http://www.
equator-network.org/reporting-guidelines/spirit-2013-state
ment-defining-standard-protocol-items-for-clinical-trials/).
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Introduction

Background and rationale {6a}

Late-life depression (LLD) has a great impact on the health
system

Most of the developed countries are facing a significant
challenge of having a significant proportion of their age-
ing population suffer from depression in which the bur-
den of LLD will continue to increase. LLD, which refers
to adults who are 60 years or older, is associated with a
poorer long-term prognosis, a more chronic course,
and a higher relapse rate than that in younger adults [1].
The treatment response to medication is unsatisfactory.
Fewer than 50% of patients with LLD achieve sympto-
matic remission [2]. Therefore, a new treatment option
that is effective and well tolerated by older adults is des-
perately needed.

Alternative treatment options

Transcranial direct-current stimulation (tDCS) is a non-
invasive method of neurostimulation in which a weak,
direct electric current (amplitude<2 mA) is applied
through electrodes placed on the scalp. It is portable, rel-
atively inexpensive and easy to use. It is also a relatively
safe intervention tool with common adverse effects largely
limited to the stimulation site including itchiness, redness,
tingling and burning sensation and possible transient
headache [3]. There are no severe adverse events recorded
in more than 40 previous sham-controlled studies of
older adults [3]. It exerts its treatment effect by inducing


http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
https://clinicaltrials.gov/ct2/show/NCT05322863
https://clinicaltrials.gov/ct2/show/NCT05322863
jojongan@hku.hk
clk793@ha.org.hk
waicchan@hku.hk
cwlam@cuhk.edu.hk
u3548669@connect.hku.hk
kolim@umn.edu
egoor@connect.hku.hk
edwinpfpang@hotmail.com
poontk@ha.org.hk
mimi.mimiwong@gmail.com
wuyka@ha.org.hk
chengpsy@hku.hk

Ngan et al. Trials (2022) 23:914

changes in neuronal activity and by modulating synap-
tic release probability uptake and sensitivity [4]. tDCS
enhances long-term plasticity and alters the rate of neu-
rotransmitter release [4]. Its effects have been reported up
to an hour after stimulation, which is essential to achieve a
persistent treatment effect [5]. One of the main neurologi-
cal deficits in depression is the serotonin deficit and hypo-
activity of the left dorsolateral prefrontal cortex (DLPFC)
[6]. Recent evidence suggested that tDCS and serotonin
enhance each other’s function. tDCS increases the release
of serotonin mediated by the serotonin transporter [7]. In
contrast, continuous enhancement of serotonin by antide-
pressants strengthens the long-term plasticity—like gluta-
matergic plasticity induced by tDCS [8]. In addition, tDCS
was shown to modulate the activity of DLPFC [9, 10],
which could modulate the hypoactive condition of the
DLPFC in patients with depression. Furthermore, many
patients with LLD display significant impairment in exec-
utive function, which is associated with a poor treatment
response and prognosis in patients with LLD [11]. tDCS
has been shown to improve executive function by stimu-
lating the DLPFC region, which may cause an indirect
improvement in depressive symptoms and the treatment
response in patients with LLD [10]. Such findings support
the theoretical treatment potential of tDCS as mono-ther-
apy or augmentation therapy in patients with LLD.

Previous experience of tDCS as an intervention for depression
A growing number of studies have examined tDCS as a
treatment intervention for depression. In a recent meta-
analysis of six randomized controlled trials (RCTs) with
289 adult patients, tDCS was shown to be significantly
superior to sham-control treatment in response, remis-
sion and improvement in depression. The left DLPFC was
stimulated in most studies. The effect size was compa-
rable with those reported for antidepressant drug treat-
ment and for repetitive transcranial magnetic stimulation
[12]. Controversial outcomes were noted in recent stud-
ies. The recent double-blind, placebo-controlled study
compares the effect of tDCS and antidepressant, escit-
alopram. The result showed escitalopram was superior
to tDCS despite no difference in the rates of response/
remission [13]. Another large international RCT in adult
patients with depression showed no difference in reduc-
ing depressive symptoms between active and sham stim-
ulation in patients with unipolar or bipolar depression
[14]. The conflicting results warrant further high-quality
RCTs to determine the efficacy of tDCS. In addition,
most studies have targeted the adult population. Few tri-
als have been performed in older adults, and no RCT has
been done in patients with LLD aged 60 or above. Only
a small study investigated the effects of tDCS on execu-
tive function in older adults with Parkinson’s disease
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[15]; improvement in executive function was shown after
tDCS was applied over the DLPFC region. It is essential
to explore the effectiveness and tolerability of tDCS in
older adults with depression.

Advantages of a new format of tDCS: HD-tDCS

A main drawback of traditional tDCS is the spatial cru-
dity of its effect. The highest cortical current density may
not occur directly under the target electrode [15], which
probably alters the effects of tDCS and contributes to
the conflicting results of existing tDCS studies. High-
definition tDCS (HD-tDCS) was developed to address
this problem. HD-tDCS is typically performed with more
than two smaller electrodes. The most frequently used
montage is the ‘4 x 1 ring set-up, which uses a centre
anode electrode surrounded by four return cathode elec-
trodes. The density of the cortical field and spatial focal-
ity can be adjusted by changing the diameter of the ring
of electrodes [16]. In addition to enhancing the spatial
focality of stimulation, the increased effects of neuroplas-
ticity may also be shown by longer-lasting after-effects,
as in a previous study of HD-tDCS [17]. At the same
time, the tolerability was found to be similar to that of
traditional tDCS [18]. No HD-tDCS study of LLD or
depression has yet been performed. Therefore, our team
conducted a pilot study to test the effects and tolerability
of HD-tDCS on subjects with LLD.

Results from our pilot study

An open-label pilot study was conducted by our team
in 2018 [19]. 15 older adults aged 60 or above who have
depression with residual depressive symptoms received
five consecutive daily sessions of 20-min active HD-tDCS
interventions weekly for 2 weeks. The results revealed that
the HD-tDCS was effective in reducing the depressive
severity and the remission rates, with a sustained effect
at both the 1-month and 3-month follow-up. Pre-post
improvements were seen in the overall cognitive func-
tioning and in verbal fluency, but not in executive func-
tioning. No adverse effects were observed. Nevertheless,
this was an open-label study with a small sample size. A
double-blinded RCT with an adequate sample size is war-
ranted to confirm the efficacy of HD-tDCS as an augmen-
tation therapy with antidepressants in patients with LLD.

Objectives {7}

The main objective of this study is to determine the effi-
cacy of a 2-week daily programme (10 sessions) of HD-
tDCS to augment antidepressant therapy in subjects with
LLD who had residual depressive symptoms despite ade-
quate dosage and duration of antidepressant therapy.
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Secondary objectives are to evaluate the HD-tDCS
impact on the patients’ cognition (including the global
cognitive functions, working memory, executive function
and attention), anxiety symptoms, and daily functioning,
after the 2-week daily programme (10 sessions) of HD-
tDCS. The adverse effects of HD-tDCS and the patient’s
tolerability will also be evaluated.

Trial design {8}

The study described in this protocol is a RCT to evalu-
ate the superiority of an active HD-tDCS programme for
patients with LLD compared with the sham HD-tDCS
programme. Forty-eight patients with LDD will be ran-
domized (1:1) in the active HD-tDCS group or the sham
HD-tDCS group.

Methods: Participants, interventions and outcomes
Study setting {9}

This 12-week double-blinded randomized sham-con-
trolled trial will assess the efficacy of HD-tDCS as an
augmentation therapy with antidepressants in subjects
with LLD subjects who had residual depressive symp-
toms despite adequate dosage and duration of antide-
pressant therapy.

Eligibility criteria {10}
The inclusion criteria are as follows:

1. Sixty years of age or above

2. Right-handedness, as determined by the Edinburgh

Handedness Inventory (to homogenize neuroana-

tomical targeting)

Chinese ethnicity

4. Fulfil the criteria of major depressive disorder (sin-
gle or recurrent episode) and in partial remission,
defined by the 5th Edition of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-5)

5. Presence of mild to severe levels of depressive symp-
toms measured and defined by HAMD-17 scores > 8
and <52 [20]

6. Suboptimal treatment response with at least one ade-
quate antidepressant trial defined as full or best toler-
ated doses at least 6 weeks

7. Stable dosage of antidepressants or other treatments
for depression in recent 4 weeks

8. Valid informed written consent

w

The exclusion criteria are as follows:

1. A DSM-5 diagnosis other than depressive disorders
(e.g. bipolar and related disorders, schizophrenia
spectrum and other psychotic disorders).
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2. A Hong Kong Chinese version of the Montreal Cogni-
tive Assessment (HK-MoCA) score below the second
percentile according to the subject’s age and education
level (to exclude subjects with existing dementia)

. Substance use disorder

4. Active suicidal ideation or a suicide attempt within

the past month

5. Concomitant unstable medical conditions or major

neurological conditions

6. Significant communication impairment

W

Who will take informed consent? {26a}

Informed consent is obtained from the patients before
starting any trial-specific procedure. All participants are
advised that participation in research is entirely voluntary
and that they can withdraw their participation at any time.
The psychiatrist does the first presentation of the study
explaining with an information pamphlet detailing the pur-
pose of the study, target audience, length and procedure of
the treatment, possible risk factors, benefits of joining the
study, summary of the function and effectiveness found
in research related to using HD-tDCS as an augmenta-
tion treatment. Patients are given time to ask psychiatrists
questions and express potential concerns. Patients will be
given contact details of the clinical investigator for further
enquires. Patients will also be given at least a month to
decide whether to join the treatment post presentation of
the study by psychiatrists given old adults with a subopti-
mal response may require some time to consult with fami-
lies or to make a decision. The protocol is then explained
again in detail by the clinical investigator before the signa-
ture of the informed consent by the patients.

Additional consent provisions for collection and use
of participant data and biological specimens {26b}
N/A, no biological specimens were collected in this study.

Interventions

Explanation for the choice of comparators {6b}

All eligible participants will be randomized to receive an
intervention trial of HD-tDCS, either active interven-
tion (a-HD-tDCS) or sham (s-HD-tDCS) as a control, in
addition to their pre-existing antidepressant regimen, for
2 weeks with five sessions per week. A total of ten sessions
HD-tDCS will be delivered, with each lasting 30 min.

Intervention description {11a}
HD-tDCS intervention will be performed by formally
trained and experienced investigators with hands-on
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experience in tDCS, who will not be involved in the data
collection and analysis. There will be a demonstration
and training session involving all staffs in delivering the
treatment before the study. Videotape of the first ses-
sion of each participant’s intervention would be done
and reviewed by PI to ensure the quality. The device can
also log down the parameter and energy used during the
treatment. The intervention will be performed at either
psychiatric outpatient clinics or psychiatric day hospitals,
where the principal investigator or co-investigators serve
on-site. The clinics and day hospitals are equipped with
resuscitation facilities. Full-time nursing and support
staff are available to handle medical emergencies.

High-definition transcranial direct current stimulation
(HD-tDCS) group

The HD-tDCS will be administered by Starstim (Neuro-
electrics). All participants will receive the treatment by
using the same model of the device. The HD-tDCS device
can be portable and controlled wirelessly via computer
software developed by the manufacturer. The montages
will be a 4 x 1 ring set-up, which is the most commonly
used HD-tDCS setting. The centre anode electrode is sur-
rounded by four return cathode electrodes. The anode
will be placed over the left DLPFC, which is located at F3
based on the 10/20 electroencephalogram system. The
four cathodal electrodes will be placed at FC1, AF3, F7
and FC5 (Additional file 1). Conductive electrode gel will
be applied on the scalp at all designated electrode stimula-
tion areas. A cap appropriate for each participants’ head
size will be used to ensure that the electrodes are secured
in place. Impedance checks will be performed using the
Starstim software before each treatment session. A 2-mA
stimulation will be delivered for 20 min, with the current
gradually increased and decreased over 30 s. The patients
will be instructed to relax and remain motionless during
the intervention. The administrator will closely monitor
the impedance throughout each session and record any
side effects experienced by the participants. The partici-
pants will be allowed 5 min of rest after the intervention
and will be actively asked about any discomfort. Each ses-
sion will last around 30 min, with a total of 10 sessions
(two consecutive weeks of treatment for 5 days per week).

Sham-control HD-tDCS droup

The procedure for sham stimulation will be identical,
except that the electrical current will be gradually ramped
down to zero after the first 30 s, thus giving the same initial
sensation of HD-tDCS. The stimulator will be programmed
to switch the current on and off, so no intervention by the
operator will be required. The computer will be placed
behind the subjects’ heads so they cannot see the readout.
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Criteria for discontinuing or modifying allocated
interventions {11b}

The intervention will be terminated upon the patients’
request.

Strategies to improve adherence to interventions {11c}

To reduce the drop-out rate, each of the participants’
case medical officers will be alerted to remind the par-
ticipants to attend all interventions and assessments. In
addition, the benefits and side effects of HD-tDCS will be
clearly explained during enrolment, and materials related
to this study will be provided to both the participants
and their caregivers. The participants and their caregiv-
ers will receive two reminder telephone calls (1 week and
1 day) before interventions and assessments. If a partici-
pant fails to attend an appointment, they will be called to
rearrange the appointment. A direct hotline within office
hours will be provided to the participants and their car-
egivers in case of any concerns or problems.

Relevant concomitant care permitted or prohibited

during the trial {11d}

All participants will be instructed to continue their pre-
existing regimen of psychiatric medications, including
antidepressants, benzodiazepines, hypnotics, for at least
4 weeks before the intervention until all post-interven-
tion assessments are complete. Medication adherence
will be recorded during each assessment.

Provisions for post-trial care {30}

All participants will be continued to follow up by the case
medical doctors in psychiatric outpatient clinics for their
progress.

Outcomes {12}
Baseline assessments

Diagnostic interview Diagnoses will be confirmed
with a semi-structured psychiatric diagnostic assess-
ment using the validated Chinese-bilingual version of the
Structured Clinical Interview for DSM Mental Disorders
by an experienced psychiatrist according to DSM-V.

Demographic data The subjects’ basic demographic
data, including age, gender, years of education, place of
birth, marital status, number of children, financial con-
dition, family history of affective disorder and house-
hold income, will be collected upon study entry. Medical
comorbidities will be assessed with the Cumulative IlI-
ness Rating Scale. The handedness of the participants will
be evaluated using the Edinburgh Handedness Inventory
— Short Form. Details of the subjects’ psychiatric history,
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including the age of onset of the first depressive episode,
the number of relapse episodes and current medication
and dosage, will also be recorded at the baseline assess-
ment. The medical health history and treatment will be
assessed by direct enquiry with the patients and con-
firmed with their electronic health record in the hospital
authority.

Primary outcome The primary outcome will be the
change of depressive symptoms, the clinical response rate
and the remission rate as measured with the HAMD-17 at
12 weeks after the completed intervention. HAMD-17 is a
widely used and reliable measure of depressive symptoms
[21]. Scores range from O to 52, with higher scores indi-
cating more severe depression. A clinical response will be
defined as a reduction of 50% or more in the HAM-D-17
score in old age adult patients. A HAMD-17 score of 7 or
less will be used as an indicator of remission [20].

Secondary outcomes

1. Cognition

Global cognition will be measured using the Hong Kong
Chinese version of the Montreal Cognitive Assessment
(HK-MoCA) [22]. HK-MoCA is a cognitive screening
test designed to assist health professionals to evaluate the
cognitive functions of the patients. This encompasses the
evaluation of visuospatial and executive functions, nam-
ing of object, memory, attention, language, abstraction,
delayed recall and orientation. After completion of the
test, the score in each domain will be documented and
a total score out of 30 will be calculated for each partici-
pant. Working memory, executive function and attention
will be measured by forward and backward digit span,
the Stroop test, the category verbal fluency test and the
Trail Making Test Parts A and B.

2. Anxiety symptoms

Anxiety symptoms which commonly co-existed in
depression will be measured by the Hamilton Anxiety
Rating Scale (HAMA). It is a widely used clinician-rated
scale. The HAMA is composed of fourteen items, includ-
ing anxious mood, tension, fears, insomnia, intellectual,
depressed mood, somatic (muscular), somatic (sensory),
cardiovascular symptoms, respiratory symptoms, gas-
trointestinal symptoms, genitourinary symptoms, auto-
nomic symptoms, and behaviour at interview. Each item
is scored on a scale of 0 (not present) to 4 (severe), with
a total score range of 0-56, where<17 indicates mild
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severity, 18—-24 mild to moderate severity and 25-30
moderate to severe [23]. Higher marks represent more
severe in anxiety symptoms.

3. Daily functioning

Instrumental activities of daily living will be assessed
with the Hong Kong Chinese version of the Lawton
Instrumental Activities of Daily Living Scale (IADL-CV)
[24]. IADL-CV has been shown to be a valid and reliable
tool for assessing an older person’s ability to live indepen-
dently in the community. It encompasses the assessment
of nine items, including telephoning, transportation,
shopping, meal preparation, housework, handywork,
laundry, medication and finance. For each domain, the
patient’s IADL would be assessed by a four-point rating
scale, with a total score ranging from 0 to 27. A higher
score indicates a higher functioning level.

4. Adverse effects and risk indicators

A checklist of potential adverse effects associated with
t-DCS administration will be generated from the available
literature [25, 26]. The checklist will be used to monitor
tolerability and adverse events in each session through-
out the intervention (attached). Risk indicators such as
suicidal risk or severe self-neglect that would necessitate
immediate changes to treatment will be directly assessed
according to the risks and needs.

Participant timeline {13}
The participant timeline of the HD-tDCS intervention is
shown in Fig. 1.

Sample size {14}

The sample size was estimated using G*Power 3.1, based
on the results of a tDCS meta-analysis of adult subjects
by Kalu et al. [27]. In this study, active tDCS was found
to be more effective than sham tDCS for the reduction
of depression severity (Hedges’ g=0.743). For 80% power
and an alpha level of 5%, 48 patients (24 in each group)
will be needed to detect group differences. To allow for
a 20% drop-out rate, 58 patients (29 in each arm) will be
recruited.

Recruitment {15}

The recruitment procedure will begin after approval
has been obtained from the Institutional Review Board.
Psychiatrists from specialist outpatient clinics in the
Hospital Authority of Hong Kong, the largest public
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RECRUITMENT & SAMPLING

RANDOMISED CONDITIONS

BASELINE ASSESSMENT (T0)

* SCID (DSM-1V), Basic Demographics,
CIRS, EHI, Psychiatric History

* Depressive symptoms: HAM-D-17
* Cognition: HK-MoCA, Forward &

Backward Digit Span, Stroop, CVFT,
TMT A/B, HK Chinese Lawton IADL

2 WEEKS OF ALLOCATED HD-tDCS
INTERVENTIONS

* Each group will receive 5 30-min daily
active or sham stimulation sessions per
week, based on randomised results

POST ASSESSMENT (T1)

* Depressive symptoms: HAM-D-17
* Cognition: HK-MoCA, Forward &

Backward Digit Span, Stroop, CVFT,
TMT A/B, HK Chinese Lawton IADL

1-MONTH FOLLOW UP
ASSESSMENT (T2)
* Depressive symptoms: HAM-D-17
* Cognition: HK-MoCA, Forward &
Backward Digit Span, Stroop, CVFT,
TMT A/B, HK Chinese Lawton IADL

3-MONTH FOLLOW UP
ASSESSMENT (T3)

* Depressive symptoms: HAM-D-17
* Cognition: HK-MoCA, Forward &
Backward Digit Span, Stroop, CVFT,
TMT A/B, HK Chinese Lawton IADL

Fig. 1 Flowchart of the current study

LLD patients recruited from psychiatric outpatient clinics

Active HD-tDCS

Baseline Ax

10 Active HDtDCS
Sessions

Post Ax

1-Month FU Ax

3-Month FU Ax

Randomised into

Sham HD-tDCS

Baseline Ax

10 Sham HDtDCS
Sessions

Post Ax

1-Month FU Ax

3-Month FU Ax

medical institution, will be asked to refer older adults
with depression but without active suicidal ideation or
recent suicide attempt (within the past month) who do
not show an adequate response to current antidepres-
sant treatment (i.e. residual depressive symptoms). The
clinician investigators will assess the potential sub-
jects according to the exclusion and inclusion criteria
as stated below. The diagnosis will be confirmed using
the Structured Clinical Interview for Diagnostic and
Statistical Manual Mental Disorders. Medical health
history and treatment will be assessed by direct patient
inquiry and confirmed using the patients’ electronic
health records provided by the Hospital Authority. The
subjects will be informed that the HD-tDCS treatment
study will involve an off-label treatment, and the possi-
ble risks and side effects will be clearly explained.

Assignment of interventions: allocation

Sequence generation {16a}

Block randomization will be used in this study. Each
block will consist of eight participants at a 1:1 ratio
between the two groups. In the randomization proce-
dure, each participant will be assigned a special num-
ber generated by a computer. These numbers will not be
decoded until the intervention group is assigned.

Concealment mechanism {16b}

An independent team member, who will not be involved
in the enrolment, intervention, or assessments, will per-
form the randomization process. The participants and
investigators responsible for assessment and data analysis
will be blinded to the group allocation.
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Implementation {16c}

If participants are interested in participating in the
treatment, psychiatrists will explain the study informa-
tion and recruit them after screening out for exclusion
criteria by collecting their contact information. Then,
participants are contacted by telephone by the inves-
tigator. The investigator will inform the participants
about the study and verify that the participants are
aware of the implications of participation in a trial and
propose an appointment for the initial evaluation. The
participants will be given at least a month to consider
whether or not to join the study. After the approval to
join the study, participants are randomized to either the
active HD-tDCS group or the sham HD-tDCS group by
the research coordinator for subsequent intervention.
Participants will then be contacted with the schedule
and details of the treatment.

Assignment of interventions: Blinding

Who will be blinded {17a}

Trial participants and the trained investigator performing
the interventions are double-blinded.

Procedure for unblinding if needed {17b}

N/A. If there was a situation such as a medical need
or emergency which required unblinding, the prin-
cipal investigator will be informed and make the final
decision.

Data collection and management

Plans for assessment and collection of outcomes {18a}

A trained clinician investigator who is not involved in the
intervention or randomization procedure will perform
the assessments. The primary and secondary outcomes
will be assessed at baseline, immediately after the inter-
vention, and 4 and 12 weeks after the intervention.

Plans to promote participant retention and complete
follow-up {18b}

To reduce the drop-out rate, each of the participants’
case medical officers will be alerted to remind the par-
ticipants to attend all interventions and assessments. In
addition, the benefits and side effects of HD-tDCS will be
clearly explained during enrolment, and materials related
to this study will be provided to both the participants
and their caregivers. The participants and their caregiv-
ers will receive two reminder telephone calls (1 week and
1 day) before interventions and assessments. If a partici-
pant fails to attend an appointment, they will be called to
rearrange the appointment. A direct hotline within office
hours will be provided to the participants and their car-
egivers in case of any concerns or problems.
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Data management {19}

For each participant, clinical information regarding the
diagnosis, description of clinical condition, severity of
depression and the modalities of treatment and man-
agement are stored in the Clinical Management System
(CMS) managed by the Hospital Authority (HA). Sub-
sequently, formally trained research assistants will be
responsible for collecting patient information and report
in a data record form, first in a paper format and then
electronically. The paper format data will be locked in a
cabin in the office and electronic data is encrypted with
passwords only available by the research assistants and
data manager. The data manager will perform additional
computerized consistency tests to detect the presence
of non-standard, missing, aberrant or incoherent data.
These tests will be executed regularly during the partici-
pants’ recruitment and monitoring. Each identified inco-
herence will be the subject of a request for clarification
to the researcher. The data will be destroyed after 5 years
commencing from the completion of the study.

Confidentiality {27}

Personal information of participants will be collected at
the initial interview, an identifier will be assigned to each
enrolled participant. Information of participants will be
encoded in an encrypted file with a password only avail-
able by the research assistants and data manager.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

N/A. No biological specimens will be collected in this
study.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The primary outcome measurement is HAMD-17. The
effect power of intervention is measured by the change of
HAMD-17. If the results showed a significant improve-
ment in the HAMD-17 measurement, it represents the
intervention is effective. Both clinical response rate and
remission rate are also depending on the measurement
of HADM-17. They are used as an indication for the real
clinical impact of the intervention. A clinical response
will be defined as a reduction of 50% or more in the
HAM-D-17 score. A HAMD-17 score of 7 or less will be
used as an indicator of remission. Therefore, a significant
result in the area of either clinical response or remission
rate will indicate the clinical impact of the intervention.
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To examine the presence of any group differences in
demographics and clinical profile between the treatment
and the sham groups at baseline, chi-squared tests and
t-tests will be performed for categorical and continuous
variables respectively.

Two-way repeated measures analysis of variance
(ANOVA) will be used to examine the effect of time and
treatment conditions on the HAM-D-17 scores and other
cognitive and IADL measurements across various assess-
ment time points. The analysis would be adjusted to age,
sex, medication type/dose, relapse episodes and other
potential confounders. If both depressive symptoms and
cognitive function improved, mediation analysis will be
done to determine the cognitive function improvement is
mediated by the improvement of depressive symptoms or
vice versa.

Interim analyses {21b}

Statistical analysis will be done only after the trial. The
trial will be stopped if individual participants report
serious adverse effects during the intervention, sig-
nificant deterioration in mental state or physical con-
dition. The decision will be made by the principal
investigator.

Methods for additional analyses (e.g. subgroup analyses)
{20b}

Post hoc analyses will also be performed with Bonfer-
roni corrected t-tests to investigate the improvements
in all outcome variables in pairwise comparisons across
various assessment time points. Statistical significance
will be set at a p value<0.05. Intention-to-treat last-
observation carried-forward scores will be used for
the analyses. All computations will be performed using
SPSS for Windows, version 22.0.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Participants will be allowed 2 non-consecutive missed
visits and extra sessions will be performed to complete
the total 10 sessions. Participants with more than 2
non-consecutive missed visits will be defined as non-
compliance subjects. Further analysis would be done to
compare the difference between compliance and non-
compliance subjects.

Plans to give access to the full protocol, participant-level
data and statistical code {31c}

Protocol could be assessed by the public through the
clinical trial register website. The study results will
be published in an international journal. There are no
plans to release the participant-level data.
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Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

The principal investigator and other co-investigators,
who are psychiatrists and neuroscientists, will be respon-
sible to oversight and monitor the whole trial. Specialist
psychiatrists in hospitals under Hospital Authority are
responsible for the diagnosis of patients’ psychiatric dis-
orders, recruiting patients and signing consents. If there
are any disputes or logistic problems, the final decision
will be made by the principal investigator.

Composition of the data monitoring committee, its role
and reporting structure {21a}

Data monitoring will be carried out by an independ-
ent data monitoring committee, which is composed of
the research psychiatrist, a methodologist, a statistician
and a data manager. The committee will ensure that all
the data collection, storage and management proce-
dures are carried out in accordance with the research
protocol and the regulations. Committee members will
keep track of and verify the data collection process. In
case of any technical or procedural problems or uncer-
tainties, the committee members are responsible for
reporting to the principal investigator.

Adverse event reporting and harms {22}

A checklist of potential adverse effects associated with
t-DCS administration will be generated with reference
to the available literature. During the stage of obtain-
ing informed consent from the participants, all potential
adverse effects associated with the use of t-DCS will be
clearly listed and explained to the participants. In case
there is any adverse effect, it will be immediately recorded
in the clinical management system (CMS) and the data
record form and the patient involved will be monitored
by the principal investigator until resolution or stabili-
zation. The patient condition will be closely monitored
and the degree of seriousness of the adverse effect will be
evaluated by the principal investigator who will then con-
tact the trial promotor for further coordination.]

Frequency and plans for auditing trial conduct {23}
N/A. The monitoring of the progress and quality of the
trial will be conducted every month.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

Any amendments in the protocol will be discussed
among all investigators and reported to the ethic com-
mittees responsible for the trial approval.
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Dissemination plans {31a}

Participants will receive a summary of their assessment
reports after they finished the trial. The study result will
be published in an international journal and presented in
a relevant conference.

Discussion

This is the first RCT that evaluates the effectiveness and
tolerability of HD-tDCS in older adults with depression.
Most studies tend to assess effectiveness in the adult pop-
ulation and only a few studies have evaluated the effects
of tDCS on cognitive function in depression.

This randomized controlled trial aims to evaluate the
effectiveness of HD-tDCS as augmentation therapy with
antidepressants in ameliorating depressive symptoms
in patients with LLD who had a suboptimal response
to treatment. To this aim, the trial compares the effect
of HD-tDCS and sham-control HD-tDCS on improv-
ing depressive symptoms in addition to the pre-existing
antidepressant regimen. The depressive symptoms are
operationalized into three levels, namely the change
of depressive symptoms, the clinical response and the
remission rate measured by HAMD-17. Secondary
objectives are to examine the intervention impact on the
cognitive function, anxiety symptoms, daily functioning
and adverse effects at the end of the intervention. We
also plan to detect any sustained effect by checking the
changes at the 4th week and 12th week after the finished
intervention.

The results from this trial will be useful for the man-
agement of patients with LLD because a new safe treat-
ment option is needed to alleviate depressive symptoms
for those showing suboptimal responses to conventional
antidepressants. It is also expected that HD-tDCS is
effective in improving cognitive function which is often
significantly impaired in LLD. Based on its effect on neu-
ral plasticity and enhancement of serotonin and cogni-
tive function, our study aims at confirming the efficacy of
HD-tDCS as augmentation therapy for antidepressants in
patients with LLD.

One of the limitations of the trial is the measure-
ment of cognitive function by various tests e.g. HK-
MoCA in which practice effects might come into play
when evaluating the improvements in verbal fluency
and overall cognitive ability. Although the same dos-
age and timing of antidepressants will be kept the
same for at least 4 weeks prior to the study, the pos-
sibility of the effect from a change of medications can-
not be excluded, which may lead to an overestimation
of the effect by tDCS. Furthermore, the diversities of
the clinical profiles might be potential confounding
factors, including the types of antidepressants being
used, the degree of suboptimal treatment response and
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treatment resistance, or the duration of the depres-
sive symptoms. Subgroup analysis will be performed
to eliminate the bias from confounding factors and
enhance the validity of the trial.

Trial status

Protocol version: 23 February 2022, Version n°1.
Date of recruitment: 1st Sep 2020.
End of recruitment: estimated to be Jan 2023.

Abbreviations

a-HD-tDCS: Active high-definition transcranial direct current stimulation;
DLPFC: Dorsolateral prefrontal cortex; DSM-5: Diagnostic and Statistical
Manual of Mental Disorders (DSM-5); HAMA: Hamilton Anxiety Rating Scale;
HAMD: Hamilton Depression Rating Scale; HD-tDCS: High-definition transcra-
nial direct current stimulation; HK-MoCA: Hong Kong Chinese version of the
Montreal Cognitive Assessment; IADL-CV: Hong Kong Chinese version of the
Lawton Instrumental Activities of Daily Living Scale; LLD: Late-life depression;
RCTs: Randomized controlled trials; s-HD-tDCS: Sham high-definition transcra-
nial direct current stimulation; tDCS: Transcranial direct current stimulation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-022-06855-z.

Additional file 1. HD-tDCS setting of electrode annotations.
Additional file 2. HDtdcs Adverse Effects Checklist.

Acknowledgements
Not applicable.

Authors’ contributions {31b}

All authors contributed to the trial design. Miss. Sze Ting Joanna Ngan drafted
the manuscript, Dr. Pak Wing Calvin Cheng provided content expertise for
intervention materials, developed eligibility algorithms, and trained study
staff. All authors contributed to the manuscript review. All authors read and
approved the final manuscript.

Funding {4}

This study is sponsored by the Health and Medical Research Fund (HMRF)
(Reference number: 17181141). The views expressed are those of the authors
and not necessarily those of the funders.

Availability of data and materials {29}
Data will be available upon request to the investigator.

Declarations

Ethics approval and consent to participate {24}

Institutional Review Board approval and registry with the Clinical Trials Registry
(HKU Clinical trials registry HKUCTR-2832) has been completed before the
recruitment procedures (IRB reference number: UW 20-023). The study is

also registered under ClinicalTrials.gov ID NCT05322863 The study will be
conducted in accordance with Good Clinical Practice and the Declaration of
Helsinki. Written informed consent will be obtained from all participants.

Consent for publication {32}
Itis possible to provide a model consent form completed by the patients and
the investigators on a request of the Editorial Office.

Competing interests {28}
The authors declare that they have no competing interests.


https://doi.org/10.1186/s13063-022-06855-z
https://doi.org/10.1186/s13063-022-06855-z

Ngan et al. Trials (2022) 23:914

Author details

"New Clinical Building, Queen Mary Hospital, 2/F, 102 Pok Fu Lam Road, Pok
Fu Lam, Hong Kong, Hong Kong. ?Department of Psychiatry, Kwai Chung
Hospital, Kwai Chung, Hong Kong, Hong Kong. *Department of Psychiatry,

Tai Po Hospital, G/F, Multi-Centre, Tai Po, Hong Kong, Hong Kong. “Depart-
ment of Psychiatry, University of Minnesota Medical School, Minneapolis, MN,
USA. °Department of Psychiatry, United Christian Hospital, Kwun Tong, Hong
Kong, Hong Kong. ®Department of Psychiatry, Kowloon Hospital, Kadoorie Hill,
Hong Kong, Hong Kong. ’Department of Psychiatry, Pamela Youde Nethersole
Eastern Hospital, Chai Wan, Hong Kong, Hong Kong.

Received: 13 April 2022 Accepted: 19 October 2022
Published online: 28 October 2022

References

1. Mitchell AJ, Subramaniam H. Prognosis of depression in old age com-
pared to middle age: a systematic review of comparative studies. Am J
Psychiatry. 2005;162(9):1588-601.

2. Schatzberg A, Roose S. A double-blind, placebo-controlled study of
venlafaxine and fluoxetine in geriatric outpatients with major depression.
Am J Geriatr Psychiatry. 2006;14(4):361-70.

3. Nikolin S, Huggins C, Martin D, Alonzo A, Loo CK. Safety of repeated ses-
sions of transcranial direct current stimulation: A systematic review. Brain
Stimul. 2018;11(2):278-88.

4. Das S, Holland P, Frens MA, Donchin O. Impact of Transcranial Direct
Current Stimulation (tDCS) on Neuronal Functions. Front Neurosci.
2016;10:550.

5. Fritsch B, Reis J, Martinowich K, Schambra HM, Ji Y, Cohen LG, et al.
Direct current stimulation promotes BDNF-dependent synap-
tic plasticity: potential implications for motor learning. Neuron.
2010;66(2):198-204.

6. Homan P, Neumeister A, Nugent AC, Charney DS, Drevets WC, Hasler G.
Serotonin versus catecholamine deficiency: behavioral and neural effects
of experimental depletion in remitted depression. Trans| Psychiatry.
2015;5(3):.e532-e532.

7. Brunoni AR, Kemp AH, Shiozawa P, Cordeiro Q, Valiengo LC, Goulart
AC, et al. Impact of 5-HTTLPR and BDNF polymorphisms on response
to sertraline versus transcranial direct current stimulation: implica-
tions for the serotonergic system. Eur Neuropsychopharmacol.
2013;23(11):1530-40.

8. Kuo Hl, Paulus W, Batsikadze G, Jamil A, Kuo MF, Nitsche MA. Chronic
Enhancement of Serotonin Facilitates Excitatory Transcranial Direct Cur-
rent Stimulation-Induced Neuroplasticity. Neuropsychopharmacology.
2016;41(5):1223-30.

9. Javadi AH, Walsh V. Transcranial direct current stimulation (tDCS) of the
left dorsolateral prefrontal cortex modulates declarative memory. Brain
Stimul. 2012;5(3):231-41.

10. Mulquiney PG, Hoy KE, Daskalakis ZJ, Fitzgerald PB. Improving working
memory: exploring the effect of transcranial random noise stimulation
and transcranial direct current stimulation on the dorsolateral prefrontal
cortex. Clin Neurophysiol. 2011;122(12):2384-9.

11. Kohler S, Thomas AJ, Barnett NA, O'Brien JT. The pattern and course
of cognitive impairment in late-life depression. Psychol Med.
2010;40(4):591-602.

12. Brunoni AR, Moffa AH, Fregni F, Palm U, Padberg F, Blumberger DM,
et al. Transcranial direct current stimulation for acute major depres-
sive episodes: meta-analysis of individual patient data. Br J Psychiatry.
2016,208(6):522-31.

13. Bares M, Brunovsky M, Stopkova P, Hejzlar M, Novak T. Transcranial Direct-
Current Stimulation (tDCS) versus venlafaxine ER in the treatment of
depression: a randomized, double-blind, single-center study with open-
label. Follow-Up Neuropsychiatr Dis Treat. 2019;15:3003-14.

14. Loo CK, Husain MM, McDonald WM, Aaronson S, O'Reardon JP, Alonzo
A, et al. International randomized-controlled trial of transcranial Direct
Current Stimulation in depression. Brain Stimul. 2018;11(1):125-33.

15. Doruk D, Gray Z, Bravo GL, Pascual-Leone A, Fregni F. Effects of tDCS on
executive function in Parkinson'’s disease. Neurosci Lett. 2014;582:27-31.

Page 11 of 11

16. Alam M, Truong DQ, Khadka N, Bikson M. Spatial and polarity precision
of concentric high-definition transcranial direct current stimulation (HD-
tDCS). Phys Med Biol. 2016;61(12):4506-21.

17. Kuo HI, Bikson M, Datta A, Minhas P, Paulus W, Kuo MF, et al. Comparing
cortical plasticity induced by conventional and high-definition 4 x 1 ring
tDCS: a neurophysiological study. Brain Stimul. 2013;6(4):644-8.

18. Borckardt JJ, Bikson M, Frohman H, Reeves ST, Datta A, Bansal V, et al.

A pilot study of the tolerability and effects of high-definition transcra-
nial direct current stimulation (HD-tDCS) on pain perception. J Pain.
2012;13(2):112-20.

19. Wong HL, Chan WC, Wong YL, Wong SN, Yung HY, Wong SC, et al. High-
definition transcranial direct current stimulation-an open-label pilot
intervention in alleviating depressive symptoms and cognitive deficits in
late-life depression. CNS Neurosci Ther. 2019;25(11):1244-53.

20. Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity
classification on the Hamilton depression rating scale. J Affect Disord.
2013;150(2):384-8.

21. Zheng YZJ, Phillips M, Liu J, Cai M, Sun S, Huang M. Validity and reli-
ability of the Chinese Hamilton depression rating scale. Br J Psychiatry.
1988;152(5):660—4.

22. Wong A, Xiong YY, Kwan PW, Chan AY, Lam WW, Wang K, et al. The valid-
ity, reliability and clinical utility of the Hong Kong Montreal Cognitive
Assessment (HK-MoCA) in patients with cerebral small vessel disease.
Dement Geriatr Cogn Disord. 2009;28(1):81-7.

23. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol.
1959;32(1):50-5.

24. Tong AY, Man DW. The validation of the Hong Kong Chinese version of
the Lawton instrumental activities of daily living scale for institutionalized
elderly persons. OTJR (Thorofare N J). 2002;22(4):132-42.

25. Brunoni AR, Amadera J, Berbel B, Volz MS, Rizzerio BG, Fregni F. A system-
atic review on reporting and assessment of adverse effects associated
with transcranial direct current stimulation. Int J Neuropsychopharmacol.
2011;14(8):1133-45.

26. Gbadeyan O, Steinhauser M, McMahon K, Meinzer M. Safety, tolerability,
blinding efficacy and behavioural effects of a novel MRI-compatible,
high-definition tDCS set-up. Brain Stimul. 2016,9(4):545-52.

27. Kalu UG, Sexton CE, Loo CK, Ebmeier KP. Transcranial direct current stimu-
lation in the treatment of major depression: a meta-analysis. Psychol Med.
2012;42(9):1791-800.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	High-definition transcranial direct current stimulation (HD-tDCS) as augmentation therapy in late-life depression (LLD) with suboptimal response to treatment—a study protocol for a double-blinded randomized sham-controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Administrative information
	Introduction
	Background and rationale {6a}
	Late-life depression (LLD) has a great impact on the health system
	Alternative treatment options
	Previous experience of tDCS as an intervention for depression
	Advantages of a new format of tDCS: HD-tDCS
	Results from our pilot study

	Objectives {7}
	Trial design {8}

	Methods: Participants, interventions and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	High–definition transcranial direct current stimulation (HD-tDCS) group
	Sham–control HD-tDCS droup

	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Baseline assessments

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: Blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular analysis in this trialfuture use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Acknowledgements
	References


