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Abstract

Background—Adults over age 65 represent the fastest growing population in the US. Decline in 

cognitive abilities is a hallmark of advanced age and is associated with loss of independence and 

dementia risk. There is a pressing need to develop effective interventions for slowing or reversing 

the cognitive aging process. While certain forms of cognitive training have shown promise in this 

area, effects only sometimes transfer to neuropsychological tests within or outside the trained 

domain. This paper describes a NIA-funded Phase III adaptive multisite randomized clinical trial, 

examining whether transcranial direct current stimulation (tDCS) of frontal cortices enhances 

neurocognitive outcomes achieved from cognitive training in older adults experiencing age-related 

cognitive decline: the Augmenting Cognitive Training in Older Adults study (ACT).

Methods—ACT will enroll 360 participants aged 65 to 89 with age-related cognitive decline, but 

not dementia. Participants will undergo cognitive training intervention or education training-

control combined with tDCS or sham tDCS control. Cognitive training employs a suite of eight 

adaptive training tasks focused on attention/speed of processing and working memory from Posit 

Science BrainHQ. Training control involves exposure to educational nature/history videos and 

related content questions of the same interval/duration as the cognitive training. Participants are 

assessed at baseline, after training (12 weeks), and 12-month follow-up on our primary outcome 
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measure, NIH Toolbox Fluid Cognition Composite Score, as well as a comprehensive 

neurocognitive, functional, clinical and multimodal neuroimaging battery.

Significance—The findings from this study have the potential to significantly enhance efforts to 

ameliorate cognitive aging and slow dementia.
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Transcranial direct current stimulation; tDCS; cognitive training; aging; Phase III; adaptive 
randomized clinical trial design

1. Introduction

Increased life expectancy has resulted in rapid growth of the older population. The cohort of 

adults 65 years and older in the United States is expected to double by the year 2050 and 

represents one of the fastest growing age groups in many countries. Even in the absence of 

neurodegenerative disease, cognitive abilities can decline significantly with advanced age. 

Cognitive decline in later life is associated with loss of independence, decrements in 

financial security and quality of life, and is a predictor of dementia risk.1-8 The increased 

prevalence of older adults living with cognitive difficulties has given rise to significant 

clinical and public health concerns.

Current cognitive training approaches have demonstrated some promise in slowing age-

related cognitive decline and decreasing dementia risk.9-13 Findings over the past decade 

(e.g., Advanced Cognitive Training for Independent and Vital Elderly, ACTIVE) suggest 

that certain cognitive training programs hold promise as an approach to ameliorate cognitive 

aging in healthy older adults.9,11,13-27 Unfortunately, most training studies have shown 

intervention benefits mostly restricted to measures of the trained ability. Transfer to 

untrained cognitive and functional abilities in older adults has been found infrequently and 

the degree of transfer can be variable in both effectiveness and duration. This paucity of 

training generalization represents a significant barrier to overall cognitive intervention 

effectiveness. Methods that could potentially enhance the overall effectiveness of transfer 

from cognitive training are important to optimizing the overall efficacy of these programs for 

older adults.

Transcranial direct current stimulation (tDCS) is a non-invasive and safe electrical brain 

stimulation method that alters the sub-threshold membrane potential of neurons, facilitates 

neuroplasticity and learning, and provides a novel approach for augmenting cognitive 

training.28-59 During tDCS, a weak electrical current is applied to the scalp that penetrates to 

stimulate underlying cortical and subcortical tissue.50,51,60-63 tDCS applied to cortical 

regions has been shown to improve performance on a variety of cognitive tasks.64-67 

Bilateral tDCS to the frontal cortices improves decision-making, attention, and working 

memory performance in older adults.68-71 Small pilot randomized clinical trials (RCTs) 

pairing cognitive training with bilateral frontal tDCS show significant and lasting 

improvements in older adults experiencing declining cognitive function.72-76 Maintenance of 

these tDCS and cognitive training effects have been shown to last beyond one year.73,76-79 

These studies demonstrate that cognitive training combined with tDCS may lead to lasting 
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improvement in cognitive training effectiveness for older adults. Furthermore, augmenting 

cognitive training with tDCS may have preventative benefits for people likely to develop 

dementia later in life. Our conceptual model for the effects of cognitive training and tDCS 

on brain function, cognitive performance, and functional outcomes is depicted in Figure 1.

At present, large well-controlled clinical trials are needed to determine whether adjunctive 

tDCS and cognitive training produces clinically meaningful change in cognitive function in 

older adults. This paper describes the methods and design for the NIA-funded Augmenting 

Cognitive Training in Older Adults study (ACT). The ACT study will be the first Phase III 

RCT in the field of tDCS and will provide definitive insight into the adjunctive benefit of 

tDCS paired with cognitive training.

2. Study design and methods

2.1. Overall design

This National Institute on Aging (NIA) funded study employs a two-phase randomized 

clinical trial with a planned 360 participants total across three sites (University of Florida, 

University of Miami, and University of Arizona; 120 at each site). The trial is registered at 

clinicaltrials.gov as NCT028511. A unique feature of the trial is the study design, which is 

intended to increase the efficiency of the trial. In Phase 1, an initial cohort of 80 participants 

collected across all three sites will be assigned to one of four conditions as shown in Figure 

2a. Half of the recruited sample in Phase 1 will undergo cognitive training; the other half 

will undergo education training, which is serving as a control. The first interim analysis, to 

be performed when the initial cohort of 80 participants completes a 3-month follow-up 

(Phase 1), will investigate whether cognitive training is significantly better than training 

control on a composite measure of cognitive training performance on the Posit Science 

BrainHQ tasks (Posit Composite Score). This will then determine whether we can eliminate 

the training control condition. Cognitive training in older adults has previously been 

established to improve proximal cognitive training outcomes in hundreds of published 

studies (for reviews, see80-83). In addition, our pilot data supported proximal transfer to 

cognitive training outcomes in the cognitive training condition versus the education control 

condition. These data are consistent with decades of cognitive training literature. No 

additional participants will be assigned to the training control groups if 1) cognitive training 

is found to be significantly superior to training control on proximal training outcome 

measures or 2) conditional power is calculated to be less than 80% even is sample size were 

increased by 80 participants. If conditional power from interim analyses is calculated to be 

greater than 80%, 40 or 80 participants (the smaller sample size that provides at least 80% 

conditional power) will be assigned to the four arms. Data from Phase 1 will also provide 

important mechanistic insight regarding neural mechanisms of cognitive training vs. a well-

matched education training control, facilitating overall interpretation of Phase 2 data. Neural 

mechanisms to be compared between those who did and did not receive training (i.e., 

education control) will include change in: (a) functional connectivity between regions of 

interest (ROIs) attributed to training, (b) GABA concentrations in frontal cortices, (c) gray 

matter surface area and cortical thickness in training related ROIs, d) white matter volume in 

training-related ROIs, e) white matter hyperintensity load within training-related ROIs. In 
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Phase 2, the remaining 280 participants will be randomized to the two cognitive training 

arms (i.e., eliminating the training control arms; cognitive training with tDCS and cognitive 

training with the sham, Figure 2b). After the remaining 280 participants have completed 

follow up in the cognitive training arms (including those in Phase 1, total n=360) analyses 

will investigate the benefit of adjunctive administration of cognitive training with tDCS on 

the primary outcome measure: NIH Toolbox Fluid Cognition Composite Score. Participants 

will be assessed at three primary time points: 1) baseline pre-training; 2) post-12 weeks of 

cognitive training/training control + stimulation/sham; and 3) one year follow-up after all 

training (see Figure 3 for timeline). This design will enable longitudinal analyses of 

cognitive training and tDCS effects individually and in combination. We will examine 

cognitive training and tDCS effects on secondary measures of cognitive performance, 

functional and metabolic neuroimaging measures, and everyday functional abilities. At each 

assessment, we will obtain clinical and medical history, neurocognitive measures (e.g., 

neuropsychological tests within or outside the trained domain), and neuroimaging [structural 

magnetic resonance imaging (MRI), functional MRI (FMRI), magnetic resonance 

spectroscopy (MRS)]. All participants will undergo neuroimaging at baseline, following 

training (12 weeks), and at one-year follow-up. The ACT study will be conducted as closely 

as possible to consort standards. It is important to note that the primary outcome differs 

between Phase 1 and Phase 2. Phase 1 aims to verify that cognitive training improves 

training targets better than no-training, whether or not tDCS is present, while also collecting 

important mechanistic data regarding training specific brain changes. Phase 2 then pursues 

the ultimate goal of the trial, which is to demonstrate that tDCS plus cognitive training can 

produce greater transfer to untrained neurocognitive outcomes. This goal has been rarely 

achieved by cognitive training alone. If anticipated results are achieved in Phase 1, per our 

analysis plan, this will trigger our ability to proceed to Phase 2 without no-training 

conditions, enabling us to concentrate greater statistical power on the contrast between 

training with and without tDCS.

2.2. Participant eligibility, recruitment, randomization and retention

2.2.1. Participant eligibility criteria—Our inclusion and exclusion criteria are designed 

to minimize risks to participants.

Inclusion criteria: 1) Age 65 to 89 years; this age group was selected because it is at high 

risk of age-related cognitive decline and has a sufficiently long life expectancy319 to 

participate in the study. 2) Evidence of age-related cognitive decline in the Posit BrainHQ 

Cognitive Training assessment defined by performance below the 80th percentile. 3) Ability 

and willingness to participate in the intervention, attend training sessions, and be 

randomized to any treatment group.

Exclusion criteria: 1) Neurological disorders (e.g., dementia, stroke, seizures, traumatic 

brain injury). 2) Evidence of cognitive impairment (as defined by National Alzheimer’s 

Coordinating Center (NACC) Uniform Data Set (UDS-III) performance below 1.5 standard 

deviations on age/sex/education normative data in at least one cognitive domain).84 3) Past 

opportunistic brain infection 4) Major psychiatric illness (schizophrenia, intractable affective 

disorder, current substance dependence diagnosis or severe major depression and/or 
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suicidality. 5) Unstable (e.g., cancer other than basal cell skin) and chronic (e.g. severe 

diabetes) medical conditions. 6) MRI contraindications (e.g., claustrophobia, metal 

implants). 7) Physical impairment precluding motor response or lying still for 1 hr and 

inability to walk two blocks without stopping. 8) Currently on GABA-ergic or glutamatergic 

medications, or on sodium channel blockers that may alter response to tDCS.85 9) Left-

handedness, 10) Prior participation in a tDCS or a repetitive transcranial magnetic 

stimulation study.

2.2.2. Recruitment, informed consent and enrollment—All study participants will 

provide written informed consent. Persons will be recruited at each site using research 

registries, community outreach, community agencies, newspaper advertisement, public 

service announcements, mailings, and posted flyers. People interested in participating in the 

study will call the local site recruitment coordinator and be provided with more information 

about the study. Those who remain interested will be assessed on basic study criteria (e.g., 

age) via a standardized phone screening script. Participants that meet inclusion criteria will 

be invited for an in-person screening visit. At the start of the in-person screening visit, 

participants will indicate their agreement to participate by signing a site university 

institutional review board (IRB) approved informed consent document. Participants that 

remain willing to participate and meet the remaining inclusion/exclusion criteria (assessed at 

the baseline visit) will be enrolled into the study.

2.2.3. Randomization—Randomization will occur at the beginning of the first 

intervention visit. As noted, an initial cohort of 80 participants will be randomly assigned to 

one of four conditions: cognitive training+tDCS, cognitive training+Sham, training control

+tDCS, training control+Sham. Half of the recruited sample in Phase 1 will undergo 

cognitive training; the other half will undergo the education training control. In Phase 2, the 

remaining 280 participants will be randomized to the two cognitive training arms (i.e., 

eliminating the training control arms), unless interim analysis results suggest that additional 

40 or 80 participants are needed for the cognitive training vs. training control comparison. A 

permuted block randomization will be used with block sizes of 8 and 12 and with site treated 

as a stratification factor. Specifically, at each site, two participants will be assigned to each 

one of the 4 conditions among the first eight participants in random order, and three 

participants will be assigned to each one of the 4 conditions among the next twelve 

participants in random order. The block sizes are chosen so that there will be enough laptops 

configured for cognitive training and the training control, respectively.

2.3. Safety considerations

There are minimal risks associated with participation in the study. The potential risks are as 

follows:

Magnetic resonance imaging (MRI): MRI is a procedure that is used routinely for medical 

care and is very safe for most people, but participants will be monitored during the entire 

MRI scan in case any problems occur. The risks of MRI are: 1) metal contraindicated for 

proximity to the scanner (e.g., metal in the eye, certain types of heart valves or brain 
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aneurysm clips, etc.), 2) temporary hearing loss due to noise levels in the scanner 

environment (ear plugs will be used to minimize this risk), 3) claustrophobia.

Transcranial direct current stimulation (tDCS): tDCS is considered safe but a small 

number of people do experience some side effects.49,54 The most common side effects are 

itching and tingling or mild discomfort at the area of stimulation, and headache. Other 

possible side effects include dizziness and nausea. Whenever an electrical stimulation is 

applied to the body, it could possibly cause a seizure or abnormal heartbeat, but this has 

never occurred with the transcranial direct current stimulation parameters used in this study.

Cognitive Training, Education Training, Neurocognitive and Functional tests, 
Questionnaires: There is a risk participants will find these tasks challenging, fatiguing, 

and/or boring. Research staff will explain what to do and how to perform the tasks during 

study visits. Participants will also have access to a 24-hour help line should they have 

trouble interacting with the training computers.

Other possible risks to participants may include fatigue due to the testing. Should this occur, 

participants can take a rest-break at any time or may discontinue the testing at any time.

2.3.1. Management of potential safety risks

Protection against risks associated with neuroimaging: MRI is widely regarded as a safe, 

noninvasive procedure for visualization of brain tissue in both adults and children. Prior to 

study participation, all participants will be informed of the MRI procedure during the 

informed consent/assent process. The proposed study will be performed on an FDA 

approved Siemens 3 Tesla scanners. There are no known long-term effects of MRI 

procedures on the body. Both study staff and trained MRI staff will check for exclusion 

criteria. In sum, the MRI neuroimaging procedures pose no radiological or medical risk, 

given that participants with metal implants susceptible to magnetic heating will be excluded 

based on standard scanner policies. A small number of people may become anxious in the 

small space of the scanner. These individuals will have the opportunity to terminate the scan 

session. Furthermore, all recruits will be screened for phobias prior to enrollment.

Protection of risks related to tDCS: To minimize risk associated with tDCS, participants 

will be monitored throughout stimulation sessions and asked to report any discomfort. If 

scalp sensation is uncomfortable, stimulation will be stopped. In the event of a headache, 

stimulation will be stopped. All tDCS sessions will be administered and continually 

supervise by a trained experimenter. The above symptoms have only been reported when 

participants are actively being stimulated.49 However, to assess for any symptoms occurring 

during the 24-hour interval between stimulation sessions, we will administer a brief 

symptom screening questionnaire at the beginning (symptoms in the past 24 hours) and end 

of each session (symptoms during stimulation). tDCS has not been shown to cause seizures 

nor lower the seizure threshold in animals. There are no reports of seizure induced by tDCS 

in human participants in the literature. However, this may not be true for epilepsy patients, 

whose seizure threshold rates are likely abnormal. Prior history of neurological disorders is 

an exclusionary criterion for our study and thus no participants will have a history of seizure.
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Protection against risks associated with Cognitive Training, Education Training, 
Neurocognitive tests, Functional tests, and Questionnaires: These procedures have 

minimal risk associated with them. Breaks will be given in those cases where participants 

experience frustration with these tasks. Research staff that collect data have been trained in 

the conduct of all tests by senior staff members in the ACT Administrative Coordinating 

Center. Research staff members will be master certified in the conduct of these tests before 

they interact with study participants.

Protection against Risk of confidentiality: A study wide data safety monitoring plan 

(DSMP) has been adopted for protection of all data. Information pertaining to research 

participants will be obtained from (1) interviews with participants and (2) procedures 

described above. All data will be considered confidential according to HIPAA guidelines for 

personal health information. All participants will sign a combined consent to participate in 

research and HIPAA compliant confidentiality document approved by the IRB overseeing 

the Field Center recruitment setting.

2.3.2. Data Safety Monitoring Board—A five external member Data Safety Monitoring 

Board (DSMB) is established, with responsibility to monitor all aspects of the study, 

including those that require access to any masked data. The DSMB and its chair were named 

and approved by the NIA. The DSMB will meet by conference call every six months as 

determined by the DSMB and the NIA. The DSMB has access to all de-identified study 

data, documents and progress. The Safety Committee, comprised of safety personnel from 

each site, the Chair, and a representative of the Data Management and Quality Control 

Center (DMAQC) reports to the DSMB for issues related to participant safety. The DSMB 

reviewed the study protocol and approved the study for participant enrollment.

2.4. Treatment conditions

2.4.1. Cognitive Training—Cognitive training will involve sixty forty-minute sessions 

over 12-weeks (40 hours total); this includes ten daily sessions combined with stimulation 

for two weeks, then one weekly session combined with stimulation for the remaining ten 

weeks. The remaining 40 sessions will be performed by participants in their home on days 

they do not receive tDCS stimulation. Cognitive training duration was chosen based on prior 

cognitive training research, tDCS research and pilot studies carried out by the PI. Training 

platform. Cognitive training employs an eight component, Posit Science BrainHQ suite 

accessed via its researcher portal. Four of the tasks train attention/speed of processing, while 

the remaining four tasks train working memory (see Table 1). These tasks are web-based and 

multi-platform (i.e., Windows, Mac). Participants are provided with a Dell e5570 4G LTE 

enabled laptop with a 15.5 inch (diagonal) screen. Laptops are locked into a custom kiosk 

mode such that powering on the laptop only provides access to the ACT Posit Science Brain 

HQ training portal and will not allow access to any other features of the laptop. Kiosk 

laptops were designed for ease of use by older adult participants so that closing the laptop 

lid powers down the device, while the power button will power on the device and auto login 

to the training portal. Participants will also be provided with an optical mouse and 

comfortable headphones with an audio level adjustment dial. In addition, the custom 

cognitive training portal only allows access to the eight chosen Brain HQ tasks (Table 1). 
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Participants will complete four tasks per day for ten minutes per task. A timer is built into 

the portal that only allows participants to progress to the next task after ten minutes of 

training on a given task. The order of presentation of tasks is counterbalanced to present 

each task equally over the 3-month training period, but is also randomized so that the four 

tasks presented per day are not the same each day. Study interventionists will provide 

weekly performance summaries to participants, allowing for consistent tracking of 

adherence and the formation of training remediation strategies throughout the study to reach 

the cognitive training target dose. These cognitive training tasks are commercially available 

(www.positscience.com), with well-documented protocols/manuals and thus not described in 

detail here. Participants will undergo basic computer training and orientation sessions and 

will have access to 24/7 telephone support.

2.4.2. Education Training Control—The training control condition will serve as a 

control for the cognitive training condition. The training control will be administered using 

the same methods as in the cognitive training condition except that the content loaded onto 

study laptops will be different. As with cognitive training, training control will involve sixty 

forty-minute sessions over 12-weeks (40 hours total); this includes ten daily sessions 

combined with stimulation for two weeks, then one weekly session combined with 

stimulation for the remaining ten weeks. The remaining 40 sessions will be performed by 

participants in their home on days they do not receive tDCS stimulation. The duration and 

frequency of training control will match that of cognitive training. Participants will be 

provided with the same laptops described above in the cognitive training condition. The 

training control involves watching 40-minute educational videos produced by the National 

Geographic Channel, which cover a range of topics such as history, nature, and wildlife. All 

video content is unique for each day of training. To encourage active engagement and 

attention, participants will be asked to answer questions regarding the content of the videos. 

As with cognitive training laptops, training control laptops will be locked in custom kiosk 

mode and will auto-login upon startup to a local html website (not requiring internet access) 

that presents participants with the ACT Education Training Video menu (Figure 4). This 

menu contains a list of links to each daily video (Days 1-60). Participants will click on the 

day’s training link (e.g., Day 20). This link will take participants to a full screen 40-minute 

video of the day’s contents. Each video starts with a welcome screen and ends with a 

reminder to fill out the daily 4-6 questions related to the 40-minute video content. 

Participants in this condition are provided with a binder containing each day’s questions. At 

each intervention visit, questions are collected from participants, providing a mechanism for 

weekly feedback on training adherence and for establishing adherence remediation strategies 

to reach the target dose of education training.

2.4.3. tDCS—A Soterix Clinical Trials Direct Current Stimulator will apply 20 minutes of 

2.0mA (30s ramp up/down) direct current through two biocarbon rubber electrodes encased 

in saline soaked 5×7cm2 sponges (8cc of 0.9% saline solution per sponge) placed over the 

frontal cortices at F3 and F4 (10-20 system).86 Stimulation will occur during the first twenty 

minutes of the 40-minute training session, capitalizing on both acute and after effects of 

tDCS. Stimulation parameters and frequency were based on pilot data and prior tDCS 

research. Electrode placement locations are determined using the International 10-20 
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measurement system. Current inflow will occur on the right (F4), and outflow on the left 

(F3). Impedance quality will be ≤10kΩ to insure proper stimulation of brain tissue. The 

Soterix Clinical Trials Direct Current Stimulator device has built in RCT double blinding 

protocols requiring entry of a six-digit code to initiate stimulation. Six digit codes were pre-

programmed into the stimulators used in the study and transmitted to the study statistician to 

maintain blinding of all study staff. Codes were preset during the manufacturing process to 

either deliver active tDCS or sham tDCS and are uniquely assigned to participants by the 

DMAQC. Quality Control: 3D mesh models of participant’s heads with electrodes affixed 

are taken before and after stimulation. Using a Structure 3D Scanner attached to an iPad 

using TechMed3D model capture software, these models provide 1mm resolution whole 

head 3D mesh models in approximately 2 minutes. By placing green non-conductive 

markers at the nasion, Fz and center of each electrode location, backwards calculation of 

target vs. actual electrode location can be determined and measured, providing a physical 

metric of electrode placement quality (pre-stim model) as well as electrode drift during 

session (post-stim model). This is performed for all 20 stimulation sessions. In addition, 

participants are administered a pre and post stimulation sensation questionnaire to capture 

perceived sensation before during and after each stimulation session.

2.4.4. Sham tDCS—Sham stimulation is performed with the same device and all 

procedures are identical except for the duration of stimulation. Participants in the sham 

tDCS condition receive 30 seconds of 2 mA of direct current stimulation (30 second ramp 

up/down) at the beginning of the session. Participants typically habituate to the sensation of 

tDCS within 30-60 seconds of stimulation. This procedure provides the same sensation of 

tDCS without the full duration of stimulation, making it a highly effective sham procedure. 

The same 3D modeling and sensation questionnaire procedures are performed before and 

after stimulation.

2.5. Measurements

Participants first undergo a brief screening assessment to assess eligibility. As described 

above, all participants enrolled in the trial undergo intervention assessment measurements at 

3 time points (baseline, 12 week, and 12 month follow-up).

2.5.1. Phase 1 Outcome—The outcome measure for Phase 1 (n=80) will be the Posit 

Science BrainHQ Cognitive Training Composite Performance measure. The goal of phase 1 

is to determine if cognitive training is superior to education training in proximal transfer to 

cognitive training performance metrics. This measure involves performance on the 8 

selected cognitive training tasks set to the medium difficulty level and provides a measure of 

proximal performance on cognitive training tasks central to the cognitive training condition. 

The Posit BrainHQ Cognitive Training Composite Performance measure will be acquired at 

three time points (screening, 12 weeks, and 12 months). As the goal of phase 1 is to confirm 

previously demonstrated differences in efficacy between cognitive training and training 

control, irrespective of tDCS, the Phase 1 outcome was chosen to reflect standard metrics 

used in previous research (i.e., proximal outcome on cognitive training task performance).

Woods et al. Page 9

Contemp Clin Trials. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.5.2. Primary Outcome (Phase 2)—The primary outcome measure for Phase 2 is a 

composite index of cognitive abilities previously shown to decline with advanced age (i.e., 

fluid cognitive abilities). The ACT primary outcome measurement is the Fluid Cognition 

Composite Score (FCCS) from the NIH Toolbox Cognitive Function Battery. The FCCS 

comprises five measurement assessing attention (Flanker Inhibitory Control and Attention 

Test), speed of processing (Pattern Comparison Processing Speed Test), working memory 

(List Sorting Working Memory Test), episodic memory (Picture Sequence Memory Test), 

and executive function (Dimensional Change Card Sort Test).87-95 This measure provides a 

single composite score sensitive to cognitive aging.

2.5.3. Secondary Outcomes

Neuroimaging: We will conduct neuroimaging on a Siemens 3.0 Tesla research dedicated 

scanner with an existing research agreement. Scanning will take 1 hour to acquire: 1) 

Structural MRI (T1, FLAIR), 2) FMRI (EPI-BOLD), 3) Proton MRS. FBIRN and GABA 

phantoms were created from single batch chemicals and divided into three separate 

MRI/MRS phantoms, one for each site. All phantoms were scanned at each site and each site 

assigned a single FBIRN (fMRI) and GABA (GABA/proton MRS) phantoms for weekly 

imaging throughout the study. A human phantom was also recorded at each site prior to 

study enrollment and in years 3 and 5.

Structural MRI: High-resolution whole brain axial gradient-echo MPRAGE 3-D T1-

weighted images will be acquired for volumetric and cortical thickness analyses and FMRI 

localization.

FLAIR: A high-resolution 3D FLAIR sequence will be collected to quantify white matter 

hyperintensities using semi-automated analysis tools for determining distribution of pixel 

values, measuring ROIs, and segmentation of images.96-98

FMRI: We will present two FMRI tasks (2-Back, UFOV/Double Decision) using E-Prime 2 

software (Psychology Software Tools, Inc., Pittsburgh, PA), with the video signal on a 

screen behind the participant’s head. The screen is viewed through a double-mirror attached 

to the head coil. An MR-compatible piano-key response box attached to the stimulus 

presentation computer will collect performance data. We will apply a cushioned-pillow head 

stabilizer to minimize head movement during scanning.

2-Back

This task will measure brain changes due to our N-back training: We will assess verbal 

working memory on a 2-Back task, as in past studies99-101. Consonants are visually 

presented briefly with a small rest period between each (Figure 5). Participants determine if 

each stimulus is the same or different from previously stimuli, responding by binary button 

press (yes vs. no). Executive control, phonemic buffering, and sub-vocal phonemic rehearsal 

are required. 0-back and 2-Back conditions are alternated in a block design with two 5-

minute runs of eight blocks (consonant lists), with four blocks of the 0-Back and four blocks 

of the 2-Back. 0-Back: Four blocks of nine consonants of random case and order (33% 

targets). Yes-no responses are made if targets that match stimuli occurring two earlier. 2-
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Back: Four blocks of 15 consonants (33% targets) will be pseudorandomly presented across 

the visual field. Accuracy and reaction time (RT) are recorded.

Useful Field of View

This task will measure brain changes due to alterations in attention and decision-making 
processes due to BrainHQ Double Decision (Previously referred to as Useful Field of 
View training in the ACTIVE study): We will assess attentional and decision-making 

processes on a scanner adapted event related UFOV/Double Decision training task that 

requires participants to simultaneously apprehend the identification of a centrally located 

target (car or truck) and the location of a target (car) among a parametrically manipulated 

array of distractors (0-47 distractors). Following a visual mask, participants then make a 

two-alternative forced choice (correct or incorrect) decision based on whether both the 

central target and distal target (without distractors) are identical to what was seen in the prior 

display (Figure 6). Two five-minute blocks of 56 trials are presented. Accuracy and reaction 

times are recorded. Jitter prior to stimulus presentation and response probe allows contrasts 

assessing unique activation associated with attentional and decision-making brain regions, 

providing mechanistic insight into cognitive training effects.

Resting State fMRI: Participants will also be asked to rest for 6 minutes while functional 

data is being collected to assess resting state activation. Participants will view a crosshair 

centrally presented on the screen and will be asked to fix their gaze on the crosshair and let 

their mind wander.

Proton MRS: GABA-edited spectra will be acquired using the MEGA-PRESS experiment, 

from a 2.7×3×4 cm3 voxels (medial frontal). Spectra will be analyzed using Gannet and 

LCModel to assess cerebral metabolites and neurotransmitter concentrations.102-104

Neurocognitive Assessment: In addition to the NIH Toolbox Cognitive Function Battery, 

assessments will include a neurocognitive battery (see Table 2) to assess broader 

generalization and specificity of intervention effects. The battery consists of standardized, 

well-established neurocognitive measures with strong reliability and validity 105. For 

cognitive measures with functions assessed see Table 2 below. Our goal is to assess global 

cognitive ability (NIH-Toolbox: cognitive module), and specifically attention-executive 

functions, working memory, processing speed, and memory. These are domains affected by 

aging19,26,106-116 and will also assess the domains assessed by FMRI. Additional 

neurocognitive measures were included as secondary measures to supplement domains 

assessed by the primary outcome measure and assist in better understand patterns of transfer 

facilitated by tDCS.

Functional Outcomes: The iFunction touchscreen computer-based functional assessment 

tool will be used to measure performance on everyday tasks such medication management, 

ATM banking, and refilling a prescription via a voice menu.124,125 Task difficulty can be 

varied and real-time efficiency and accuracy data are collected; the measure is correlated 

with component cognitive abilities targeted in this study124,125. This provides an 

ecologically valid measure of every day function. The iFunction composite performance 
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index will be used to assess change in functional abilities. In addition, we will administer the 

Driving Habits126 and Independent Activities of Daily Living (IADL)127 questionnaires 

from the original ACTIVE cognitive training trial. The IADL measure was originally 

adapted from the Minimum Data Set for Home Care (MDS).128 These measures will allow 

assessment of change in an objective metric of everyday function, driving cessation, driving 

difficulty and avoidance, and self-rated functional abilities.

Quality of Life (QOL) and Patient-Reported Outcomes Measurement Information 
System (PROMIS) self-reported health assessment: We will administer the Medical 
Outcomes Study Short Form-36 (SF-36: v. 2.0, a widely used QOL measure), and the 

PROMIS self-report measures at each assessment. The PROMIS measures assess change in 

self-reported cognitive and physical function.129 Change in self-reported physical and 

mental health status correlate with QOL and mental and physical health status. 130-132 These 

two measures will serve as important indicators of the impact of the interventions on 

everyday life.

Health Events/Adverse Events: An abbreviated Medical History and Events Form will be 

administered at follow-up assessments to evaluate any new medical events since baseline 

that would signify adverse events and track changes in medical co-morbidities and 

medication use over the intervening periods between assessment time points.

Alcohol and Drug Use Questionnaires: We will administer the Alcohol Use Disorders Test 

(AUDIT-10)133 and Drug Abuse Screening Test (DAST-10).134 These measures will provide 

valuable information about how drug and alcohol use may alter the overall efficacy to tDCS, 

cognitive training and education training.

Driving Record Assessment: Driving records will be requested following the completion of 

the intervention; records will be requested at 5 years post intervention and at 10 years post 

intervention. These records will allow us to examine real world driving outcomes (e.g., 

accidents, citations, driving cessation, etc.). The driving record assessment is optional (the 

participant choses to consent to this portion or not at screening). Participants who do not 

consent to the driving record assessment can still participate in the study.

Walking assessment: We will administer a 10-meter walk test.135 This test measures the 

time it takes participants to walk ten meters in a line. Participants are instructed to walk at 

their normal pace, as if they were walking down the street. Participants are instructed to use 

any walking aids they normally use (e.g. cane).

Additional questionnaires: We will also administer a series of questionnaires to assess: 

depression (Beck Depression Inventory-II),136 anxiety (State Trait Anxiety Inventory)137, 

apathy (Starkstein Apathy Scale),138 social isolation (UCLA Loneliness Scale),139 social 

engagement (Lubben Social Network Scale),140 sleep quality (Pittsburgh Sleep Quality 

Index),141 and chronic pain (Graded Chronic Pain Scale).142 Additional questionnaires in 

ACT will provide measures for analysis of potential secondary effects of intervention (e.g., 

improvement in social engagement with improved cognitive function, decreased anxiety or 

depression secondary to intervention, etc.). In addition, participants in ACT will receive 
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study specific questionnaires assessing 1) expectations of cognitive training, 2) expectations 

of brain stimulation, 3) and blinding efficacy. In addition, interventionists will also complete 

a questionnaire evaluating whether blinding to stimulation condition was successful. These 

questionnaires were developed based on recommendations for assessing brain training 

expectations in Rabipour and Davidson (2015).143 These questionnaires are included as 

supplemental material.

2.5.4. Other Measures

Physiological Recording: During stimulation sessions, participants will be asked to wear an 

Empatica E4 wristband to record physiological information such as beat-to-beat heart rate 

and galvanic skin response. Recording will start 5 minutes prior to stimulation and continue 

until 5 minutes after completion of the 40 minute training session. Using the built in event 

logging function, we will place an event marker at the start of stimulation, allowing 

reconstruction of the time course of the pre-stimulation, during and after stimulation periods 

of acquisition.

Blood: Participants will be invited to participate in an optional blood draw at baseline with 

draw of plasma, serum, and whole blood. Blood from participants will be stored in a 

centrally managed blood bank at the University of Florida for future analyses.

Screening Measures: During in-person screening prior to baseline assessment, participants 

will be asked to perform a brief battery of tests to assess inclusion/exclusion criteria. The 

table of measures is presented below (Table 3).

2.5.4. Training, Supervision, and Adherence of Study Assessors—The study will 

be highly manualized. The Administrative Coordinating Center (ACC) has developed a 

detailed manuals of procedures (MOPs), which is organized into 19 chapters to document 

each component of the ACT study (study organization, blood processing, assessment, etc.). 

In addition, approximately 30 hours of video MOPs were recorded and edited to provide 

training in all assessment and intervention tasks. Pre-site visit training is completed over a 

four-week period, with weekly items due to the ACC. Site visit training involves 4 

consecutive days of onsite training to provide hands on training in each component of 

assessment and intervention. Post-site visit training involves four-weeks of training with 

weekly items due to the ACC. Post-site visit training is organized around completion of a set 

number of video recorded “mock” screening (2 mandatory, 3 optional upon performance), 

assessment (2 mandatory, 3 optional upon performance), and intervention (6 mandatory) 

sessions submitted to the ACC for scoring and feedback. There are separate training 

checklists and training goals for intervention vs. assessment coordinators. All personnel 

performing data entry will also complete Data Entry certification, consisting of entry of 2 

full mock screening, assessment and intervention data sets into a “mock” REDCap database 

that mirrors the actual study database. Data entry accuracy is assessed. Coordinators are 

given master certification and allowed to see participants in assessment or intervention roles 

upon completion of pre-site visit training, site visit training, and post-site visit training in 

their specific role. New study coordinators will be required to complete pre and post-site 

visit training checklists and receive on-site training from a master-certified coordinator 
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before receiving certification for participant interaction. All coordinators actively interacting 

with participants will be required to submit video recording of one session (intervention 

session for interventionists, assessment visit for assessment coordinators) once per month 

for study assessor and intervention adherence monitoring. In addition, tDCS Quality 

Assurance metrics, 3D head modeling, MRI quality metrics, and data entry accuracy 

(assessed by DMAQC cross check of scanned de-identified copies of data) will occur 

throughout the trial. A project manager and the Field Center PI will oversee day-to-day 

activities at each site. Field Center PIs will have weekly conference calls for regular updates 

and study oversight. In addition, separate weekly conference calls will take place for 

interventionists and assessment coordinators to troubleshoot ongoing issues and provide 

consistency across sites.

2.6. Power and Sample Size Considerations

We will enroll a total of 360 participants, enabling us to have at least 90% power to 

reconfirm that cognitive training is better than training control) and at least 90% power to 

detect the benefits of adjunctive interventions (tDCS) on the primary outcome measure: NIH 

Toolbox Fluid Cognition Composite Score (NIHTB FCCS). Cognitive training vs. training 

control effects will be tested based on the first cohort of 80 participants (effective sample 

size of 60, considering 25% attrition). Based on the strong effect of cognitive training on 

cognitive outcomes (mean of −3.88 for UFOV trained vs. −.81 for controls and conservative 

SD estimate of 3.07, Cohen’s d = 1) observed in ACTIVE and other 

trials9,12,13,16,17,19,81,107,149-151, a linear contrast test at one-sided 0.05 level will have 98% 

power. tDCS vs. sham superiority with cognitive training will be tested based on the 320 

participants who are assigned to the two cognitive training arms in both stages (including the 

40 participants assigned to cognitive training arms in phase 1, effective sample size of 240, 

considering 25% attrition). The planned sample size will enable us to have at least 90% 

power to detect a difference of effect size 0.42 between cognitive training+tDCS and 

cognitive training+sham, using a normal inverse combination test at one-sided 0.025 level. 

We will have similar power for secondary neuroimaging measures of brain change.

2.7. Data analysis plan

Aim 1 of the study is to determine whether neurocognitive improvement and longer-term 

functional outcome are better when cognitive training is coupled with tDCS. We hypothesize 

that: H1.1) cognitive training will produce significant improvements on a composite 

measure of cognitive training performance on the Posit Science BrainHQ tasks (Posit 

Composite Score) compared to the treatment control condition; H1.2) tDCS combined with 

cognitive training will produce significant improvements on a composite measure of 

attention, working memory, processing speed, and executive function (NIH Toolbox Fluid 

Cognition Composite Score, NIHTB FCCS) compared to the sham control condition; and 

H1.3) Near and far transfer of cognitive training and tDCS will occur as assessed by 

improvement in the iFunction Composite Index (far) and comprehensive neurocognitive 

assessment (near).

H1.1 will be assessed at the end of Phase 1 when the first cohort of 80 completes the Posit 

Cognitive Training Measure at 3-months. We will investigate whether cognitive training is 
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significantly better than training control in near transfer effects on cognitive training 

outcomes thereby enabling elimination of the training control condition. To ensure sufficient 

power to test hypothesis, we will perform data reduction and use a composite measure of 

cognitive training performance on the Posit Science BrainHQ tasks for this analysis. The 

superiority of cognitive training over training control will be tested using a linear contrast 

test in regression analysis where the change of composite outcome from baseline to 3-month 

follow-up is the dependent variable. To enhance the statistical inference about the training 

control effect, we will remove between participant variations due to the tDCS effect by 

including it in the regression analysis along with pre-specified covariates (age, gender, 

clinical site and baseline composite measure), however the estimate of tDCS effect will not 

be disclosed to the investigators. The cognitive training superiority hypothesis will be tested 

at one-sided 0.05 level. However, due to potential sample size re-estimation, the overall 

significance of the cognitive training effect will be tested based on the inverse-normal 

combination of two p-values, one from this interim analysis (p1) and the other from the data 

after interim analysis (p2). More specifically, the overall test statistics will be [sqrt(2)Φ−1(1− 

p1) + Φ−1(1− p2)]/ sqrt(3), where Φ−1 is the inverse of standard normal distribution function; 

and early rejection boundary in the interim is chosen to be p1 < 0.04. No additional 

participants will be assigned to the training control groups if the primary hypothesis H1.1 is 

rejected in the interim or conditional power is less than 80% even with an increase of 80 

participants; otherwise, 40 or 80 participants (the smaller sample size that provides at least 

80% conditional power) will be assigned to the four arms. It is worth pointing out, while we 

wait for the 3-month posit cognitive training outcomes of the first 80 participants, 

recruitment will not be stopped and participants will be randomized to the two cognitive 

training arms until interim analysis results suggest a change in allocation ratios. Also, even if 

cognitive training superiority is rejected in the interim, the study will not be stopped because 

the remaining participants will be randomized to the two cognitive training arms to study the 

tDCS effect (primary trial hypothesis).

The primary hypothesis H1.2 will be tested based on NIHTB FCCS at one-sided 0.025 

Type-I error level. This outcome measure provides an overall index of performance across 

the domains of attention, working memory, processing speed, and executive functioning. By 

using this measure, we provide a single cognitive outcome upon which the success of the 

RCT can be judged. The analysis plan is similar to the one for H1.1. The overall test will be 

based on the inverse-normal combination of two p-values, one from the interim analysis and 

the other from the data after interim analysis. In both analyses, a regression model will be 

fitted with change of NIHTB FCCS as dependent variable and assignment group as 

independent variable along with pre-specified covariates (age, gender, clinical site and 

baseline FCCS), and p-values will be evaluated for the effect of tDCS vs sham. The 

combination weights will be proportional to square root of preplanned sample sizes (40 and 

280). For H1.3, University of Miami Functional Battery Composite Index and 

comprehensive neurocognitive assessment will be analyzed similar to Posit Composite Score 

and NIHTB FCCS.

Aim 2 of the study is to determine whether cognitive training combined with tDCS leads to 

greater functional and metabolic brain changes (fMRI, MRS). Effects will parallel Aim 1. 

The analysis plan for Aim 2 is similar to the plan for Aim 1, except that the dependent 
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variables will be changed from cognitive and functional outcomes to neuroimaging indices 

from FMRI and MRS (i.e., activation in working memory, attentional brain systems, and 

other regions of interest). In addition, a longitudinal multivariate model (LMV) for 

continuous-valued FMRI indices will be employed. Zero-mean error terms that account for 

both temporal correlation and cross-correlation among percent signal change values will be 

used for each region of interest. Cognitive performance indices associated with brain 

activation will be modeled by generalized linear mixed effects model (GLMix), with fixed 

effects such as treatment group, time, and their interaction and random effects are subject-

specific parameters that model variation between subjects and within-subject correlation of 

longitudinal data. In both LMV and GLMix models, we will test rates of improvement of the 

neurocognitive indices, with model checking by residual analysis for the fitted models. 

Models will be fitted in SAS (SAS Institute, Inc.), estimated by maximum likelihood 

parameters and SEs (restricted ML approach).

Finally, we will conduct exploratory analyses to examine which baseline factors (e.g., 

clinical, demographic, neuroimaging, cognitive) best predict individual differences in 

neurocognitive and functional outcome. Support vector machine (SVM)104 and classification 

and regression tree (CART)105-110 methods will be used to develop models predicting 

cognitive and functional outcomes using baseline neuroimaging (MRS, FMRI) and clinical 

indices, along with treatment condition and demographic characteristics.

Secondary outcomes (see 2.5.3) will be analyzed using the same general approach described 

for assessing primary outcome measures. Each secondary measure provides the potential for 

examination of secondary effects of intervention on potentially related cognitive, behavioral 

and brain systems (e.g., social engagement, pain, functional connectivity, etc.), which may 

provide important information regarding future intervention targets. In the event that the trial 

produces negative findings for the primary outcome measure, analyses of secondary 

outcome measures and exploratory analysis described above to identify individual 

differences in treatment response and identify subgroups of responders will be important for 

optimizing intervention approaches and planning future trials.

3. Discussion

Preserving optimal cognitive and functional capacity is essential for successful aging in 

older adults. This concern has increasingly become a public health issue given that people 

are living longer, and at increased risk for cognitive and functional decline as they reach 

advanced age. Besides impacting quality of life, the prospect of functional decline among an 

increasing proportion of the population has profound social and economic consequences. 

Accordingly, there is a pressing need for effective interventions remediating the cognitive 

aging process and slowing or preventing the onset of dementia. While certain cognitive 

training approaches have shown promise in transfer to cognitive abilities and functional 

outcomes, effects tend to vary in effectiveness and duration.9,13,17,19,152 tDCS has the 

potential to improve the effectiveness of cognitive training through its direct 

neurophysiological effect on the neuroplasticity of brain regions important for cognitive 

training gains.
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We have described the rationale and design of a trial designed to investigate whether 

adjunctive tDCS and cognitive training in older adults will produce clinically meaningful 

impact on cognitive function. This study will serve as the first phase III tDCS trial to date 

and represents a significant step toward clinical translation in the field. Since the pioneering 

work of Wilder Penfield (1951), it has been recognized that sensory, motor, and cognitive 

functions could be altered via electrical stimulation of specific brain regions. In laboratory 

animals, brain stimulation represented an alternative approach to experimental lesions, 

enabling both the potentiation and inhibition of neural activity depending on where in the 

brain stimulation was applied. Until recently, most human brain stimulation studies involved 

neurosurgically implanted electrodes, which has obvious limitations for general clinical use. 

As tDCS is safe and can be consistently applied with training, it represents a method that has 

high potential for ready translation into clinical space.

There are several design features worth noting in the ACT study. The ACT intervention will 

be tested at three sites, providing access to a diverse study population and enhancing the 

generalizability of the trial. In addition, ACT uses an active control condition that matches 

the cognitive training condition in duration and interval, while also attempting to match 

conditions for level of participant engagement in the training tasks (National Geographic 

content and post-video content questions). Both cognitive training and education training are 

administered via the same computer hardware with kiosk mode providing access only to 

study content. This is an important control, as participants that do not have access to 

computers at home, but are provided an internet enabled computer, could use the computers 

to become otherwise active computer users – an active intervention in its own right. By 

locking access to study content only, we avoid introduction of an additional variable of 

increased general computer use in a subset of participants.

The goal of ACT is to facilitate neuroplasticity in the frontal lobes during cognitive training. 

Thus, stimulation parameters in ACT were selected based on this goal. 2mA stimulation for 

20 minutes was specifically chosen in ACT based on prior work demonstrating net 

excitatory effects of stimulation under both electrodes, in comparison to prior work showing 

net excitation under anode and net inhibition under cathode electrodes at 1mA.45,58,59,153 

F3-F4 stimulation sites were chosen based on our prior work and others demonstrating both 

behavioral effects in our targeted training modalities, as well as finite element computational 

models of this montage demonstrating broad stimulation of frontal lobes from these 

stimulation sites.48,50,51,53 In addition, 3D scanner modeling of electrode location accuracy 

provides a heretofore unavailable feature in prior tDCS studies to verify accuracy of 

electrode location and calculation of an intervention quality variable within and between 

participants for use as a statistical factor in assessing treatment outcome. In addition, one 

element that commonly leads to un-blinding of tDCS conditions relates to warming of 

electrodes and skin and reddening of skin in the active condition. This is avoided in ACT by 

using a 20 minute stimulation period at the start of a 40 minute training session, allowing 

ample time for electrodes and skin to return to a pre-stimulation state before electrodes are 

removed by interventionists.

Assessment of driving records over a ten-year period provides an important real-world 

metric of IADLs and functional ability. In addition, UFOV cognitive training has previously 
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shown significant treatment effects on driving performance using this same approach. In this 

same vein, we also adopt two other ACTIVE measures that demonstrated response to UFOV 

training: Driving Abilities and Independent Activities of Daily Living (IADL) 

questionnaires. Adoption of these three measures provides important converging measures 

between our study and prior studies of cognitive training efficacy.21,154 Combined with 

innovative assessment of ecologically valid measures of functional abilities (iFunction), the 

ACT battery will provide robust insight into the impact of intervention on older adult’s 

everyday functional skills.

The adaptive design used in ACT provides the ability to obtain mechanistic data on all four 

possible conditions within the study, while still obtaining the necessary power to assess the 

primary trial outcomes. The multimodal neuroimaging approach used in ACT provides an 

important source of data on the neural mechanisms underlying effects in the ACT study. In 

addition, the ACT study will provide insight into the neural mechanisms of change between 

cognitive training and an active training control, as well as mechanisms of additive benefit 

from tDCS. Furthermore, magnetic resonance spectroscopy methods in ACT will provide 

insight into change in two neurotransmitter concentrations central to neuroplasticity: GABA 

and glutamate. In addition, specific fMRI tasks assessing change in functional brain 

response on UFOV/Double Decision training and N-Back will provide direct insight into 

training related changes. FLAIR imaging will provide insight into a potentially important 

predictor of treatment response: white matter hyperintensity load (i.e., white matter 

integrity). Collection of blood at baseline in ACT will also provide the ability to assess a 

variety of blood-based markers that may predict treatment response, such as APOE4 and 

BDNF. Assessment of depression, chronic pain and other clinical variables will also provide 

important insight into potential predictors, mediators, and moderators of treatment response. 

Combined with the broad assessment battery in the ACT study, this study will not only 

answer central questions regarding adjunctive benefit of tDCS and cognitive training, but 

also shed light on a variety of related processes potentially impacted by frontal tDCS and 

cognitive training, such as change in depression, apathy, social engagement, and pain.

As the first phase III clinical trial in tDCS, the design and methods used in the ACT trial also 

forge new ground in the management and administration of rigorous tDCS application in 

large-scale trials. As a field, a majority of phase II tDCS trials have been limited to 20-40 

participants. The ACT study will provide the first population size study on the benefits of 

adjunctive tDCS administration. The ACT study will have a significant impact on the field 

of tDCS regarding perceived utility of tDCS as a clinical tool.

While the ACT study represents a variety of significant advances in the field of tDCS and 

utilizes a state of the art adaptive trial design, there are potential limitations to the study that 

are worth noting. The ACT trial is presently only funded to follow participants for 1 year. 

Thus, the effects of intervention on slowing dementia onset are unlikely to be clear with only 

1 year of follow-up. At informed consent, participants are asked to provide written consent 

(if willing) to be re-contacted for a five-year follow-up visit. Future funding will be sought 

to enable 5-year follow-up of the cohort, providing clearer insight into intervention impact 

on dementia development and long-term maintenance of training gains beyond 1 year. 

Research on the overall effectiveness of combined intervention approaches are mixed. While 
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some have shown little additional gain or decreased gain relative to individual intervention 

approaches,155 others have found amplified effects of combined intervention strategies.156 

Our pilot data leading to this trial are consistent with the latter. Interim analyses after the 

initial cohort of 80 participants will allow for assessment and adjustment of intervention 

strategy should this be required.

In summary, the ACT study will capitalize on the promise of cognitive training as an 

intervention for cognitive aging and the ability of tDCS to directly influence neuroplasticity 

to attempt to remediate age-related cognitive decline and potentially slow the onset of 

dementia. This adaptive phase III multisite randomized clinical trial will enroll 360 

participants and collect a robust set of cognitive, functional, and brain-based metrics of 

cognitive and brain health to understand both efficacy and mechanism of change from 

adjunctive tDCS and cognitive training intervention. Depending on the success of the trial, 

ACT may provide a non-invasive option for addressing cognitive aging in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
ACT Conceptual Model. Cognitive training holds promise for reducing the adverse effects of 

cognitive aging, enhancing neuroplasticity, cognitive efficiency, functional capacity, and 

quality of life. In theory, coupling cognitive training with an intervention that increases 

neuroplasticity (e.g., tDCS) could augment training outcomes. We hypothesize that CT leads 

to improvements in neuroplasticity (GABA MRS) and functional brain response (FMRI). In 

turn this can lead to improved cerebral metabolic health and structural brain preservation. 

Coupling cognitive training with tDCS will increase neuroplasticity in brain areas important 

for working memory, focused attention/executive attention, and processing speed, improve 

effectiveness of cognitive training, and ultimately cognitive health and functional abilities.
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Figure 2. 
ACT Cell Design. A) Phase 1 four-cell design (n=80). B) Phase 2 two-cell design (n=280). 

CT = cognitive training, TC = education training control, tDCS = transcranial direct current 

stimulation, Sham = sham tDCS.
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Figure 3. 
ACT Study Design. Figure depicts time points of contact, randomization, intervention, and 

assessment for ACT participants.
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Figure 4. 
The Education Training Control video menu. Participants randomized to the education 

training condition use this menu to select their daily videos during the intervention phase of 

the trial.
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Figure 5. 
N-Back fMRI Task. An example of N-Back working memory stimuli presented to 

participants in scanner. Participants are presented with a fixation crosshair followed by a 

consonant on the screen and required to determine whether the letter was either an ‘X’ in the 

0-Back paradigm or the same as the letter presented “2-back” in the 2-Back paradigm.
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Figure 6. 
Useful-Field-of-View (UFOV)/Double Decision fMRI Task. An example of a single trial of 

the UFOV/Double Decision fMRI task. Participants are presented with a fixation crosshair 

followed by stimulus display where they are required to remember the central presented car 

or truck and the location of a peripherally presented car amongst a varied level of distractors 

in the shape of a yield sign. Participants then view a visual mask image to interfere with 

retinal images created by the prior stimulus and finally response screen that depicts a car or 

truck in the center box and a car in a location on the periphery. Participants respond yes/no 

indicating if the response screen matches the stimulus screen.
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Table 1

Cognitive Training Sub-tests

Attention/Speed of Processing

Hawk Eye Trains visual precision, which helps the participant perceive what is seen quickly and accurately so that it can be 
recalled more accurately.

Divided Attention Requires the participant to focus in on and react to particular details quickly—matching colors, shapes, and/or fill 
patterns—while at the same time dismissing competing information.

Target Tracker Designed to build divided attention by requiring participants to track several items moving around their screen at the 
same time

Double Decision Requires speeded visual search and selective attention to peripheral objects among distractors.20 Difficulty increases 
relative to object similarity, presentation rate, and distractor complexity and eccentricity. Previously referred to as Useful 
Field of View training in the ACTIVE study.

Working Memory

To Do List Training Participants’ hear a set of instructions, then uses memory of those instructions to follow them in order. The instructions 
get longer and more complex over time at the task, making greater demands on the working memory system.

Memory Grid - Auditory processing is one of the most important building blocks of memory. Only when participants take in 
information with crystal clarity can the brain store it accurately and recall it clearly later. In Memory Grid, the task is to 
match cards representing syllables together.

Auditory Aces- Participants are presented with auditory information about playing cards. The information is presented one card at a 
time. The task is to decide if the current card information matches the card information presented a specific number of 
steps back (auditory n-back) in the sequence.

Card Shark- Participants are presented with visual information about playing cards. The information is presented one card at a time. 
The task is to decide if the current card information matches the card information presented a specific number of steps 
back (visual n-back) in the sequence.
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Table 2

Neurocognitive Assessment

Measure: Domain:

Hopkins Verbal Learning Test-Revised 117 Verbal Learning/Memory

Stroop 118 Attention/Executive

Trail Making A & B 119 Executive

Controlled Oral Word Association & Animal Verbal Fluency

Naming 120

Brief Visuospatial Memory Test-Revised 121 Visual Memory

Symbol Digit Coding (WAIS IV) 122 Processing Speed

Letter Number Sequencing (WAIS IV) 122 Working Memory

Paced Auditory Serial Addition Test 123 Working Memory

Digit Span (WAIS IV) 122 Working Memory

NIH Toolbox Cognitive Battery Subtests: 87-95

Dimensional Card Sort Executive Function*

Flanker Attention/Executive *

Picture Sequence Episodic Memory*

Picture Vocabulary Language

Oral Reading Language

Pattern Comparison Processing Speed*

List Sorting Working Memory*

*
= subtest included in the NIHTB Fluid Cognition Composite Score

Contemp Clin Trials. Author manuscript; available in PMC 2019 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Woods et al. Page 36

Table 3

Screening Measures

Measure: Purpose:

Informed Consent Voluntary participation

Medical History and Prescription Drug List Medical conditions and drug exclusion criteria

MRI Screening Form MRI/tDCS contraindications

UDS-III84 Cognitive impairment

AD-8144 Self-Reported dementia scale

Wechsler Test of Adult Reading 145 Verbal intelligence

Beck Depression Inventory - II 136 Depression

Computer Use Questionnaire Prior computer experience

Ishihara Color Vision Test146 Color vision

NIH Toolbox Visual Acuity 147 Visual acuity corrected to at least 20/80

NIH Toolbox Words-in-noise 148 Hearing (absence of severe hearing impairment averaged across both ears)

Posit Science BrainHQ Cognitive Training Assessment Composite performance less than 80%ile on cognitive training tasks
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