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Abstract Introduction: Older adults with type 2 diabetes are at high risk of cognitive decline and dementia
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and form an important target group for dementia risk reduction studies. Despite evidence that
computerized cognitive training (CCT) may benefit cognitive performance in cognitively healthy
older adults and those with mild cognitive impairment, whether CCT may benefit cognitive perfor-
mance or improve disease self-management in older diabetic adults has not been studied to date.
In addition, whether adaptive difficulty levels and tailoring of interventions to individuals’ cognitive
profile are superior to generic training remains to be established.
Methods: Ninety community-dwelling older (age � 65) diabetic adults are recruited and random-
ized into a tailored and adaptive computerized cognitive training condition or to a generic, nontail-
ored, or adaptive CCT condition. Both groups complete an 8-week training program using the
commercially available CogniFit program. The intervention is augmented by a range of behavior-
change techniques, and participants in each condition are further randomized into a global or
cognition-specific phone-based self-efficacy (SE) condition, or a no-SE condition. The primary
outcome is global cognitive performance immediately after the intervention. Secondary outcomes
include diabetes self-management, meta-memory, mood, and SE.
Discussion: This pilot study is the first trial evaluating the potential benefits of home-based tailored
and adaptive CCT in relation to cognitive and disease self-management in older diabetic adults. Meth-
odological strengths of this trial include the double-blind design, the clear identification of the pro-
posed active ingredients of the intervention, and the use of evidence-based behavior-change
techniques. Results from this study will indicate whether CCT has the potential to lower the risk
of diabetes-related cognitive decline. The outcomes of the trial will also advance our understanding
of essential intervention parameters required to improve or maintain cognitive function and enhance
disease self-management in this at-risk group.
� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

1.1. Diabetes is a risk factor for cognitive impairment and
dementia

Dementia is firmly established as one of the most pressing
public health concerns faced by societies worldwide,
because of its very high and growing prevalence rates and
the staggering direct and indirect costs associated with its
management. Indeed, theWorld Health Organization ranked
dementia third in terms of disease burden [1], and accord-
ingly, it is listed as a National Health Priority in several
countries, and coordinated global efforts to fight dementia
are reflected in legislation (e.g., National Alzheimer’s Proj-
ect Act, 2011) and campaigns such as the National Plan to
Address Alzheimer’ Disease [2].

Several factors, including the lack of effective treatments
to halt, alleviate, or reverse dementia symptoms, recent fail-
ures of phase 2–3 trials of disease-modifying treatments [3],
the identification of modifiable risk and protective factors,
and a prolonged preclinical phase, have contributed to the
shifting of focus and resources to the possibility of preclin-
ical prevention of dementia. Indeed, pharmacological and
nonpharmacological intervention efforts increasingly target
individuals at risk of dementia, reflecting hopes that inter-
ventions delivered before full-blown dementia develop are
more likely to lead to improved outcomes.

Among the potentially modifiable risk factors for demen-
tia, chronic metabolic conditions such as type-2 diabetes
have been repeatedly shown to be associated with increased
risk of cognitive decline [4,5], conversion of mild cognitive
impairment to dementia [6], and development of dementia-
related disorders in general [7–9]. Although it has been
suggested that midlife onset of diabetes is more strongly
associated with dementia relative to onset of diabetes in
older age [10], others found no modulating effect of diabetes
duration on dementia risk [11], and yet others reported that
relative to nondiabetic older adults, cognitive compromise
in older diabetic adults is independent of age [12]. Among
the overall number of worldwide cases of diabetes, which
is currently estimated as 171 million and expected to in-
crease to 366 million by the year 2030, type 2 is expected
to represent most cases [13] and currently has a 12% to
25% prevalence rate among individuals aged 65 years and
older [13,14]. Therefore, the elderly population is slated to
be most afflicted as the incidence of diabetes continues to
climb, contributing to the risk of cognitive decline and
dementia-related disorders in the elderly.
1.2. Cognitive impairment affects diabetes management

Importantly, even subtle decline in cognition andmemory
among peoplewith diabetes has been shown to have negative
implications on disease self-management [15]—the daily
regimen that individuals with diabetes are expected to
adhere to effectively manage their diabetes. Self-
management in diabetes encompasses behaviors such as tak-
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ing medication (orally and/or intravenously), monitoring
blood glucose levels, exercising, adhering to appropriate di-
etary guidelines, foot care, and maintaining regular health
care visits. In addition to the negative implications that
compromised cognition has on diabetes self-management,
untreated diabetes and poor self-management practice can
themselves lead to progressively worse cognition [16]. Our
group has previously reported that high hemoglobin A1c
(HbA1c), which is a leading predictor of type 2 diabetes
complications, modulates the association between pro-
longed untreated diabetes and cognitive functioning [17].
Furthermore, poor glucoregulatory control among untreated
diabetic patients causes greater cognitive decrement [18],
whereas improved glycemic control obtained by a reform
of subsequent medication adherence can attenuate cognitive
decline in individuals with diabetes [15,19,20]. Interestingly,
in the ACCORD trial [21], a large randomized control trial
(RCT) aimed at evaluating the effects of intensive pharma-
cological glycemic control in adults with type 2 diabetes, a
small but significant benefit on the cognitive outcome (as re-
flected in performance on the Digit-Symbol Substitution
Test) was found at the 20-month posttreatment evaluation
in the intensive glycemic control relative to the standard
treatment condition disappeared by an 80-month follow-up
[22]. However, this finding could be explained by a range
of factors, including that glycemic control in participants as-
signed to the intensive and standard treatment conditions at
baseline was no longer different at the follow-up evaluation,
reliance on a single test of processing speed to measure
cognitive outcome, and participant dropout. Importantly,
the intensive glycemic control condition was terminated pre-
maturely due to increased mortality among participants in
that arm, and the presence of more adverse events, including
hypoglycemia and weight gain [21], highlighting the impor-
tance of careful lifestyle and risk factor management in the
achievement of optimal disease control in type 2 diabetes.
1.3. Rationale for computerized cognitive training to
improve cognition in diabetics

As effective diabetes self-management is central to mini-
mizing the risk of complications, including cognitive and
functional decline, and because of the possible contribution
of preexisting, possibly subclinical cognitive impairment to
ineffective self-management in diabetes, interventions to
enhance cognitive functions have the potential to disrupt
this downward spiral. A conceptual framework for cognitive
training in diabetes is shown in Fig. 1. Although the evidence
regarding the utility of cognitive training for persons with
dementia is relatively negative [23], recent high-quality sys-
tematic reviews with meta-analysis encourage computerized
cognitive training (CCT) in relation to cognitive outcomes in
people at risk of dementia due to mild cognitive impairment
(MCI) [24–26], as well as among cognitively healthy older
adults [27–29]. However, whether CCT can enhance
cognitive functioning, and importantly, contribute to
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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Fig. 1. A conceptual rationale for computerized cognitive training in relation to cognition and diabetes self-management in older diabetic adults.
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improved disease self-management among older diabetic
adults, has not been studied to date. Cognitive training in
general, and CCT in particular, is appealing to users because
such programs typically involve game-like tasks, so they are
often experienced as fun and engaging. In addition, CCT
programs can be readily completed from the comfort of
one’s home, which allows for widespread application. In
recent years, adaptive task difficulty level as a function of
performance and increasingly personalized task allocation
are beginning to address the traditional criticism that CCT
programs are delivered in a “one size fits all” approach.
However, the extent to which these advances in CCT design
lead to cognitive benefits over and beyond those gained from
traditional CCT programs is yet to be determined and forms
the basis for the choice of the control condition in the current
trial. For researchers, CCT programs offer greater precision
in measurement and automatic data collection and are there-
fore considered cost-effective. For these reasons, in recent
years, CCT has largely replaced more traditional, pen-and-
paper–based cognitive training.

The potential of cognitive training is supported by brain
plasticity–related phenomena, confirming that the brain
continuously changes at the molecular, synaptic, and cortical
levels in response to experience, even in older age [30,31].
Compared to intervention approaches that focus
predominantly on compensatory mechanisms, such as
cognitive rehabilitation [32], cognitive training assumes pri-
marily restorative mechanisms of action, and that gains
made in the context of training will transfer to untrained
cognitive tasks as well as generalize to more distal areas of
functioning [33], which is particularly pertinent in relation
to improving disease self-management in older diabetic
adults. The primary aim of the present study was therefore
to evaluate, in older diabetic adults, the effects of a home-
based personalized and adaptive CCT program on cognition
Downloaded for Anonymous User (n/a) at The Australian National Univer
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and disease self-management, relative to an active control
condition. It is hypothesized that personalized and adaptive
CCTwill be associated with greater gains in global cognitive
performance and diabetes self-management relative to an
active control condition immediately after the intervention
and that these relative gains will be maintained at a six
months’ follow-up.
1.4. Behavioral strategies for improving intervention
adherence

As with physical exercise programs and medication reg-
imens, cognitive training programs are unlikely to yield sig-
nificant benefit unless people adhere to them [34], yet
managing adherence can be a challenge [35], especially in
instances when the training is unsupervised [36]. Under-
standing and effectively targeting determinants of sustained
health-related behavior change has been the subject of much
research interest in recent years, as reflected in theoretical
advances [37,38] and the development of taxonomies of
behavior-change techniques (BCTs) [39]. In particular, evi-
dence suggests that self-efficacy (SE), the belief in one’s po-
tential to influence their situation through their actions [34],
is important in relation to adherence to health-related
behavior change interventions [40]. In published BCT tax-
onomies, specific techniques (BCTs) have been proposed
as strategies to effectively boost SE, including vicarious
experience, verbal persuasion, and focus on past success
[39]. Systematically incorporating such techniques to any
intervention, including CCT, may therefore arguably pro-
mote adherence. Whether SE is best viewed as a general
or as a domain-specific characteristic of individuals (e.g.,
SE for physical activity, cognitive activity, etc.) is, however,
not well established [40]. Hence, whether behavioral tech-
niques used to boost SE in the context of efforts to optimize
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



R. Bloom et al. / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 636-650 639
CCT adherence should target general SE, or be applied in a
cognition-specific way, is not known. Accordingly, a sec-
ondary aim of the trial is to establish whether an SE interven-
tion leads to improved adherence relative to receiving no SE
intervention and whether differences exist between “general
SE” and “cognition-specific SE” intervention.
2. Methods/design

2.1. Study setting and design

This is a protocol for the evaluation of an 8-week, home-
based computerized cognitive training versus an active con-
trol intervention targeting nondemented diabetic older
adults, in a double-blind RCT design. The study is conducted
in the metropolitan Tel-Aviv area. Recruitment commenced
in October 2015, and it is estimated that all follow-up assess-
ments be completed by October 2017. The Standard Proto-
col Items: Recommendations for Interventional Trials
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(SPIRIT) Checklist is presented as Supplementary
Material, and Fig. 2 is a SPIRIT-style flow chart of the trial.
2.2. Participant eligibility and screening

Community-dwelling participants (n 5 90) are recruited
through advertising in the print and online media, through
diabetes education groups, through fliers distributed in local
health centers, through a large observational study (The
Israel Diabetes and Cognitive Decline study) [41], and
through word-of-mouth. Those expressing initial interest
in the study by phone or e-mail are contacted to commence
the screening process aimed at ascertaining whether inclu-
sion/exclusion criteria are met (Table 1).

2.2.1. Sample size
Sample size calculations were estimated using G*Power

(version 3.1.3) and were based on medium effect sizes found
for cognitive outcomes in studies of cognitive training in
rest = 293  
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training trial (as of 1/03/17). Abbreviations: AC, active control; Ax, assess-

elf-efficacy; GSE, global self-efficacy.
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Table 1

Trial inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Type 2 diabetes Diagnosis of dementia/Alzheimer’s disease

Fluency in Hebrew Neurological or severe psychiatric disorder

Israeli resident living in

the Tel-Aviv area

Commenced medication to improve mood or

cognition within the last 3 months

Cover by Maccabi Health

Services (MHS)

Significant visual or hearing impairment

Access to a computer and

Internet at home

Compromised ability to perform day-to-day

activities

Availability of a suitable

informant

Involvement in a formal cognitive training

intervention within the last 3 months

Formal education of

61 years

Current participation in a clinical trial at

Sheba Medical Center or MHS
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cognitively healthy older adults and persons with MCI. In a
recent trial targeting older adults with MCI, mood-related
symptoms or both, and using the same CCT platform and
control condition, we found moderate-to-large effects on a
global cognitive composite [42]. For the present study, we
made a conservative assumption of a small-medium effect
size (F 5 0.15) for group differences on the primary cogni-
tive outcome (global cognitive performance). To detect a
small-medium effect in a six-group design (2! training con-
ditions, 3! SE conditions), with a 5% risk of type 1 error
(a), 95% power, and an estimated correlation of r 5 0.8 be-
tween repeated measurements of the primary cognitive
outcome, a total sample size of 78 persons is required. Sam-
ple size calculations based on this six-group design will
allow testing of the significance of the parameter estimates
formed by the combination of assessment occasion, training
condition, and SE group. The target sample size was set on
90, to account for an expected 15% dropout rate.

2.3. Interventions

Both the experimental and active control conditions
involve repeated practice on standardized, game-like com-
puter tasks, psychoeducation, and a range of BCTs used to
optimize adherence and perseverance. Table 2 summarizes
all intervention components included in the experimental
and control conditions and the way in which these compo-
nents were operationalized. Both groups train on a commer-
cially available computerized cognitive training platform
(CogniFit�), which has been used in several studies
involving diverse populations [43–47]. The behavioral
components of the interventions (as described in Table 2)
were largely developed in reference to the taxonomy of
BCTs and theoretical domains framework outlined by
Michie et al. [37,38].

2.3.1. Group 1: Tailored and adaptive computerized
cognitive training

On commencing the intervention, participants in the
tailored and adaptive computerized cognitive training
(TA-CCT) group complete a computerized cognitive
Downloaded for Anonymous User (n/a) at The Australian National Univer
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assessment, included in the CogniFit platform, on the basis
of which a profile of cognitive strengths and weaknesses is
determined for each participant. Participants complete com-
ponents of this assessment throughout their training period,
such that their profile of cognitive strengths and weaknesses
is continuously updated. Participants then go on to train on
the 33 tasks that make up the CogniFit training platform
(see Supplementary Table 1 for a list and a brief description
of tasks), with task allocation being individually tailored by
a computer algorithm, based on the cognitive profile estab-
lished following the built-in assessment and updated
throughout the training period. For example, a participant
demonstrating weakness in the domain of spatial perception,
but who scores high on measures of response time, is auto-
matically allocated more tasks intended to improve spatial
perception and fewer tasks intended to improve response
time. Note that the CogniFit-delivered cognitive assessment
at the start and end of training is distinct from the neurocog-
nitive assessments conducted as part of the study outcome
evaluations described in the following. In addition, the diffi-
culty level of tasks is adaptive to participants in this group
within and across sessions, such that the level of challenge
always reflects individual performance. At the conclusion
of each training session, participants in this group are pre-
sented with their session score, and participants are therefore
provided with feedback on their performance and can track
their progress.

2.3.2. Group 2: Active control group
In keeping with our findings from a recent trial of CCT in

MCI [42], participants in the active control (AC) condition
complete a training program that is identical to the one
completed by participants in the TA-CCT condition in all
but three features: (1) No individual tailoring. Task alloca-
tion for participants in this group is not based on their per-
sonal cognitive profile but is instead generic, and task
distribution to all participants is similar. (2) No adaptive dif-
ficulty level. Although within a session a given task becomes
harder with better performance, the level of task difficulty
across sessions is uniform. (3) Participants in this group
view their baseline and end-of-training score on the built-
in computerized evaluation; however, they do not receive
session-based performance feedback.

In all other respects, the two training groups are indistin-
guishable, allowing for blinding of participants to group
membership. Participants in both groups are instructed to
train three times per week, preferably alternating between
training and rest days. On each training day, participants
are asked to complete two training sessions, lasting
10–15 minutes each (for a total of 20–30 minutes per
training day, and six training sessions per week) for the dura-
tion of 8 weeks (total of 48 sessions). The prescribed inter-
vention intensity is in keeping with our own experience
[48], and that of others [49], and supported by the findings
from a recent meta-analysis [29]. Based on our recent find-
ings [42], an 8-week duration was deemed sufficient to
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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Table 2

Intervention components (including behavior-change techniques) included in the experimental and control conditions

Intervention component/BCT Component description Adaptive training Active control

Intervention introduction

Credible source Information about possible health consequences (of diabetes)

provided by a qualified professional (through the consent

signing discussion)

Yes Yes

Information about health consequences Participants were provided with information about the possible

consequences to their health of engaging in a “brain-training”

intervention

Yes Yes

Orientation to training environment* Face-to-face orientation to the training platform and typical task

requirements provided by trained staff

Yes Yes

Training characteristics

Repeated practice on a selection of

games/tasks*

CogniFit training games Yes Yes

Tasks/games designed to target specific

cognitive domains*

CogniFit games were designed to reflect and target one or more

cognitive domains

Yes Yes

Adaptive task allocation* The CogniFit games completed in each session were determined

in an individually tailored way on the basis of the pretraining

CogniFit cognitive assessment and were modified on the basis

of ongoing online evaluation.

Yes No

Adaptive task difficulty (variable challenge)* The level of task difficulty changed as a function of performance

within and across sessions

Yes No

Task novelty* Novelty of tasks/games varied such that new tasks/games are

introduced more or less throughout the intervention period

Yes Yes

Feedback on the outcomes of the behavior Participants were given corrective feedback on their

performance in the context of practice trials.

Participants were also provided with feedback on their

performance at the conclusion of a training session (i.e.,

session score).

At the conclusion of the trial, participants were provided with

written feedback about measures of cognition and well-being

throughout the study phases.

Yes

Yes

Yes

Yes

No

Yes

Instruction on how to perform the behavior Tasks/games included clear instructions and some practice to

ensure instructions were understood.

Yes Yes

Behavioral components

Goal setting (behavior) Participants were encouraged to set the goal of training

according to the prescribed dose (i.e., three days a week,

between 20 and 30 minutes per session).

Yes Yes

Commitment It was recommended that participants form a commitment to

train for the duration of the trial. (However, all were assured

that they were free to withdraw from the trial at any stage

without consequence.)

Yes Yes

Schedule of contacts to maintain

compliance

Participants were contacted by e-mail and phone using a fixed

schedule to encourage compliance with the intervention and

problem-solving barriers to participation.

Yes Yes

Social support (practical) Participants’ spouse/close other was encouraged to provide

ongoing practical support to facilitate participation in the

intervention (e.g., quiet time), assistancewith technical issues

(with reminders from the study research person during

fortnightly phone contact).

Yes Yes

Restructuring the physical environment Wherever possible, participants were asked to complete the

training in a suitable and consistent environment (e.g., quiet

room, free of distractions, at a similar time of the day, etc.)

Yes Yes

Problem solving During the orientation session, participants were encouraged to

think about barriers to adherence to the intervention program

(e.g., getting bored) and to reflect on possible solutions

Yes Yes

Action planning During the orientation session, participants were instructed to

perform the behavior (i.e., training), 3 times per week, for

approximately 30 minutes each time, over a period of

8–12 weeks.

Yes Yes

(Continued )
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Table 2

Intervention components (including behavior-change techniques) included in the experimental and control conditions (Continued )

Intervention component/BCT Component description Adaptive training Active control

Review behavior goals During the fortnightly phone monitoring calls, participants

progress with the training and any issues they were

experiencing were discussed. Participants were given

appropriate encouragement in relation to the behavioral

training goals.

Yes Yes

Behavioral contract In all participant diaries, a written statement was included in

which participants made a commitment to train at the

prescribed dose. Participants signed this statement in the

presence of the examiner.

Yes Yes

Monitoring of the behavior by

others without feedback

Participants were advised that the experimenters regularly

monitor their training through the training web site.

Yes Yes

Self-monitoring of behavior Participants were instructed to record all training sessions in

diaries given to them and were told the diaries will be

collected on the end of training.

Yes Yes

Self-monitoring of the outcomes

of the behavior

Participants were provided with a cognitive score at the end of

each training session and were also able to access a graph

showing them their general progress throughout the training

period.

Yes No

Feedback on the outcomes

of the behavior

Participants were provided with feedback regarding their

neuropsychological test performance at the conclusion of the

trial.

Yes Yes

Past successy During fortnightly telephone calls, participants were asked to

recall a past success either relating to a training program they

successfully completed or relating to a more general past

success.

Yes Yes

Verbal persuasiony During fortnightly telephone calls, after learning of their

personal past success (see above), participants were

encouraged that they could successfully complete the current

training as well.

Yes Yes

Vicarious experiencey Participants were sent a video twice during their training of a

peer that successfully completed the training.

Yes Yes

Abbreviation: BCT, behavior-change technique.

*Intervention components not included in the published taxonomy of behavior change techniques (Michie et al. 2013).
yBCTs used specifically as part of the self-efficacy (SE) intervention. These were delivered as either global or “domain-specific,” and participants in the

“no-SE” group did not receive these components.
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detect group differences on the primary outcome. Each
training session includes a unique combination of three types
of tasks reflecting a range of cognitive abilities. The wide va-
riety of tasks is intended to encompass a broad range of
cognitive functions and serves also to keep the participant
interested and engaged. Participants in both groups complete
identical orientation sessions to the training environment
(during which participants complete the baseline computer-
ized cognitive evaluation and receive a printed training
manual and a diary). Finally, participants were all contacted
over the phone every 2 weeks to provide technical assistance
as required, inquire about their mood, and provide general
support, using a scripted protocol.
2.4. SE interventions

As can be seen in Table 2, three BCTs were included to
specifically target SE (“focus on past success,” “verbal
persuasion,” and “vicarious experience”), and these are
delivered in the context of fully scripted monitoring phone
Downloaded for Anonymous User (n/a) at The Australian National Univer
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calls and augmented by short video clips sent to participants,
as further described in the following and summarized in
Fig. 3 (materials available from the authors on request). Dur-
ing the monitoring phone call for the global SE condition,
the script is worded in a general way (e.g., “can you tell
me of a time in the past in which you succeeded in achieving
a goal that involved perseverance or adherence to a pro-
gram?”), whereas in the cognition-specific SE condition,
the script is worded specifically in relation to a cognitively
challenging activity (e.g., “Can you tell me of a time in the
past in which you succeeded in achieving a goal that
involved perseverance or adherence to a mentally chal-
lenging goal?”). During these phone calls, participants in
both SE conditions are given the opportunity to discuss their
past experiences and are guided to focus on either a general
or a cognitive-specific past experience, depending on their
condition allocation. Furthermore, two videos in which an
actor relays their account of a general past success are sent
to participants in the global SE condition during the course
of the intervention (video #1 of a male actor speaking about
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.
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his professional success as a result of perseverance and video
#2 of a female actor speaking about achieved weight loss due
to commitment and hard work). Participants in the
cognition-specific SE condition are also sent two videos in
which the actor (video #1 male actor and video # 2 female
actor) relays their success in a CCT intervention. The
phone-based and video-based delivery of SE intervention,
through which participants were exposed to the relevant
BCTs, ensured that the SE support was multimodal, consis-
tent with evidence suggesting that a multisource approach to
SE intervention is more effective [50]. Finally, participants
allocated to the “no-SE” condition received the standard
phone monitoring call every 2 weeks, but these calls did
not include the delivery of SE-specific BCTs, and no videos
were sent to these participants.

Adherence and compliance to the program protocol is
further monitored in two ways: (1) Automatic records: Cog-
niFit maintains an electronic log of all training data,
including time of login and log out, tasks completed, time
spent on the overall session and on each task, and perfor-
mance indicators (e.g., reaction time, error rate, etc.). (2)
Personal diaries: each participant receives, on training
commencement, a printed diary (available from the authors)
with weekly templates into which they are asked to enter de-
tails regarding their training. This strategy provides partici-
pants with an opportunity for self-monitoring of their own
progress. The automatically recorded session logs are the
primary method for determining adherence for the purpose
of data analysis. Over the phone (and if required, at
home), technical assistance is available to participants in
both groups daily. Study participants are advised that
throughout the trial period (including the nonintervention
periods), they are not permitted to take part in any other clin-
ical trial or systematic cognitive intervention, although they
are encouraged to continue engaging with any cognitively
challenging activities forming part of their routine.
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2.4.1. Booster training
Previous studies indicate that booster training may

contribute to the maintenance of CCT-related training gains
(e.g., [51]). Accordingly, 3 months after the completion of
the main training phase, participants are invited to log
back to their training accounts and complete three more
training sessions over a 1-week period. Participants receive
only one invitation to complete the booster training sessions,
and no further prompting is provided. Access to the training
platform is blocked 2 weeks after the invitation to complete
booster training is sent.
2.5. Randomization and masking procedure

After the baseline assessment and confirmation of eligi-
bility, participants are allocated to the TA-CCT (n 5 45)
or the AC (n 5 45) conditions using a block-
randomization procedure. Within each training condition,
participants are further randomized into a global SE (GSE,
n 5 15), a cognition-specific SE (CogSE, n 5 15), or a
no-SE condition (no-SE, n5 15). Randomization sequences
are produced by a computer (www.randomizer.org) and are
concealed from study personnel by a researcher unrelated
to the study, who provides the group allocation for each
participant on request from the trial manager. Participants
are unaware of their group allocation and are told that they
are allocated to one of two versions of the training program
and to one of three “encouragement” groups which differ in
some aspects. Participants are not told of any specific hy-
pothesis associated with any of the training versions and
are therefore unlikely to be able to guess their group alloca-
tion. In a brief online post-study survey, participants are
asked to respond to a question assessing their belief
regarding whether they completed the experimental or the
control intervention, which will serve as a measure of the
success of the masking procedure. Research staff completing
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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the postintervention and follow-up assessments are blind to
intervention and SE conditions.
2.6. Assessments, outcomes, and measures

Participants are assessed on inclusion in the study (base-
line), as well as immediately after the intervention (postinter-
vention) and at 6-month follow-up. All assessments are
conducted by psychologists trained in the administration
and scoring of neurocognitive tests, under the supervision
and with regular monitoring of one of the trial managers
(A.B.-F.). A complete list of measures used in the study to
measure the cognitive and noncognitive outcomes is shown
in Table 3. The primary outcome is change in general cogni-
tive ability, as reflected in a composite global cognitive score
derived from the cognitive assessment battery, at the end of
the 8-week intervention. The pen-and-pencil battery, adminis-
tered in face-to-face sessions, includes commonly used cogni-
tive measures selected to reflect a range of cognitive domains
such as attention, executive functions, language processing,
learning, and memory. As noted previously, the cognitive
assessment is independent from the computerized cognitive
evaluation completed as part of training by CogniFit.

Change in the following secondary outcomes will also be
assessed after intervention and at the 6-month follow-up
assessment.

2.6.1. Patient outcomes

1. Diabetes self-management. Diabetes self-
management is measured with a self and informant
version of the Diabetes Self-Management Question-
naire [52], a 16-item questionnaire assessing
diabetes-related self-care activities. The questionnaire
includes four subscales: “Glucose Management,” “Di-
etary Control,” “Physical Activity,” and “Health-Care
Use,” as well as a “Sum Scale” (max score 5 10) as a
global measure of self-care. Response options range
from 0 (never occurs) to 4 (occurs very frequently).
The total score of the Diabetes Self-Management
Questionnaire was found to have adequate internal
consistency (Cronbach’s a coefficient 5 0.84), and
the subscales were found to have acceptable consis-
tencies (a coefficients 5 0.77 for “Glucose Manage-
ment,” 0.77 for “Dietary Control,” 0.76 for “Physical
Activity,” and 0.60 for “Health-Care Use”). This
outcome will be assessed separately for the self- and
the informant-rated versions of this scale.

2. Generalized SE, as measured by the Generalized Self-
Efficacy Scale [53], a 13-item scale assessing a gen-
eral sense of perceived SE. Responses are made on a
four-point scale and are summed to yield a total score.

3. Cognitive training–related SE, as measured by the
Cognitive-Training Self-Efficacy Scale, a nine-item
scale developed for the present study, and modeled
on a published domain-specific SE scale—the Self-
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Efficacy for Diabetes Self-Management Scale [54].
Participants are asked to rate the extent to which
they feel confident they can successfully complete
an assigned cognitive training task across various sit-
uations (e.g., when tired, bored, stressed, etc.). Re-
sponses are made on a five-point scale (from “very
confident” to “not confident at all”), and all nine re-
sponses are summed to yield a total score
(max 5 45)

4. Everyday memory functioning, as measured by the
Meta Memory Questionnaire (MMQ) [55]. The
MMQ is a self-rated memory questionnaire that in-
cludes three subscales: Contentment (i.e., affect
regarding one’s memory), Ability (i.e., self-appraisal
of one’s memory capabilities), and Strategy (i.e., re-
ported frequency of memory strategy-use). Each of
the MMQ subscales yields a total score, which will
be evaluated separately after the intervention.

5. Mood-related symptoms, as measured by a composite
mood score derived from the self-reported Geriatric
Depression Scale short-form 15 [56], and the Geriatric
Anxiety Inventory [57]. Additional analyses will be
conducted for each mood domain (anxiety, depres-
sion) separately.

6. Activities of daily living as measured by the Bristol
Activities of Daily Living Scale (BADL) [58], a 20-
item informant-rated measure of functional capacity
designed to quantify functional disability and change
in function among persons with dementia. The scale
covers four domains (self-care, mobility, orientation,
and instrumental ADLs), and higher scores
(max 5 60) reflect greater functional disability. The
scale is administered as part of the screening proced-
ure to exclude participants showing signs of functional
decline (BADL , 8), as well as in subsequent assess-
ments to measure change in function.

7. Dementia severity, as measured by the Clinical De-
mentia Rating Scale (CDR) [59]. The CDR is admin-
istered at study entry to exclude participants with
dementia (CDR � 1), and at the 6-month follow-up
to evaluate dementia severity (CDR total) and func-
tional status (Sum of Boxes score).
2.6.2. Informant outcomes

8. Caregiving burden, as measured by scores on the Zarit
Burden Interview [60], a 22-item informant-rated
scale evaluating the impact of the participant’s disabil-
ities on their life. Originally designed to evaluate
burden associated with caregiving for dementia pa-
tients, the Zarit Burden Interview has since been
used to evaluate disability-related burden associated
with other age-related conditions [51,52].

9. Caregiver distress as measured by scores on the
distress subscale of the Neuropsychiatric Inventory
Questionnaire (NPI-Q) [61]. The NPI-Q is an
ibrary from ClinicalKey.com.au by Elsevier on May 16, 2018.
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Table 3

Details of the assessment battery and associated measures

Cognitive measures

Test name Primary domains

Subtests administered/

measures derived Reference Source of norms/cutoffs

M-ACE Attention, Memory, Fluency,

Memory, Language, Visuospatial

Abilities

N/A Hsieh, 2015 Hsieh, 2015

L’Hermitte Board Visuospatial working memory and

learning

Learning Trialsy, Delayed
Recall*

L’hermitte and

Signoret, 1972

Normative data for older

Australian

Logical Memory Verbal attention, Verbal Short Term

Memory

Immediate Recally, Delayed
Recall*

Wechsler, 1997 IDCD baseline

RAVLT Auditory Attention, Verbal Learning,

Strategy Formation, Verbal Short

Term Memory

Learning Trialsy, Short Term
Recally, Delayed Recall*,

Recognitiony

Strauss, Sherman and

Spreen, 2006

Vakil, 1997, Vakil, 2010

& normative data for

Australian norms

ROCFT Visual Perception, Visuoconstruction,

Planning, Organization,

Visuospatial Memory

Copyz, Immediate Recally,
Delayed Recall*,

Recognitiony

Osterrieth, 1944 Normative data for

Australian norms

Verbal Fluency Phonemic Fluency, Semantic

Fluency, Attention Switching

Letter Fluency (FAS)z,
Category Fluency

(animals, boys names)z,
Category Switching

(fruit and furniture)z

Spreen & Strauss, 1998 IDCD baseline, AIBL

baseline HC and BBL

baseline

Digit Span Immediate Auditory Attention Span,

Auditory Working Memory

Digit-Span Forwardsz,
Digit-Span Backwardsz

Wechsler, 1997 AIBL baseline HC and

IDCD baseline

Digit-Symbol Coding Processing Speed, Visual Working

Memory

Codingz Wechsler, 1997 IDCD baseline

Boston Naming test

(15 items)

Semantic Memory Naming visual itemsz Kaplan, Goodglass &

Weintraub, 1987

IDCD baseline

Trail-Making Task Processing Speed, Visual Search,

Attention Switching

Trail Az, Trail Bz Reitan & Wolfson, 1993 IDCD baseline

Questionnaires

Scale name Subsets/domains administered Respondent Reference

MMQ Contentment, Memory Mistakes/

Ability, Memory Strategies

Participant Troyer et al., 2002 N/A

CDR Global dementia rating, sum of boxes Informant/clinician Morris, 1993 Morris, 1993

GDS Mood—Depression Participant Sheikh & Yesavage, 1986 Burke et al., 1991

GAI Mood—Anxiety Participant Pachana, 2007 Pachana, 2007

DSMQ Diabetes self-management Participant and informant Schmitt, 2013 N/A

GSES General self-efficacy Participant Zeidner et al., 1993 N/A

CT-SES Self-efficacy for cognitive training Participant Not published N/A

NPI-Q Mood—neuropsychiatric symptoms Informant Cummings et al., 1994 N/A

ZBI Caregiving burden Informant Zarit, Reever & Back-

Peterson, 1980

N/A

BADL Activities of daily living—functional

independence

Informant Bucks et al., 1996 Bucks et al., 1996

Abbreviations: BADL, Bristol Activities of Daily Living; CDR, Clinical Dementia Rating; CT-SES, Cognitive-training Self-Efficacy Scale; DSMQ, Diabetes

Self-Management Questionnaire; GAI, Geriatric Anxiety Inventory; GDS, Geriatric Depression Scale; GSES, Generalized Self-Efficacy Scale; IDCD, Israel

Diabetes and Cognitive Decline study; M-ACE, Mini-Addenbrooke Cognitive Evaluation; MMQ, Meta Memory Questionnaire; NPI-Q, Neuropsychiatric In-

ventory Questionnaire; RAVLT, Rey Auditory Verbal Learning Test; ROFCT, Rey Osterrieth Figure Copy Test; ZBI, Zarit Burden Interview.

NOTE. A total score for each test was created by averaging the Z scores from all the indices that make up that test. The total Z scores from all cognitive tests

were then averaged to create the composite global cognitive outcome. IDCD Baseline: Guerrero-Berroa et al., 2014; AIBL Baseline: Ellis et al., 2009; BBL

Baseline: Anstey et al., 2015.

*Score included in delayed memory composite.
yScore included in learning and memory composite.
zScore included in composite nonmemory.
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informant-reported questionnaire based on the orig-
inal NPI [62], measuring the presence and severity
of symptoms in 13 categories of neuropsychiatric
behavioral disturbance, along with the distress felt
by the informant. The total severity score is the sum
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of the severity scores obtained for each behavioral
category.

In addition, participants in the present study also gave
consent for the research team to obtain relevant demographic
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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and diabetes-related data (e.g., years since diagnosis, types
of medications, HbA1C levels, medications prescribed,
etc.) from the diabetes registry maintained by Maccabi
Health Services from where all participants were recruited.
Relevant data will be obtained to conduct additional second-
ary exploratory analyses of candidate predictors of treatment
response to facilitate optimal design of a large-scale CCT
trial, if it is found beneficial.
2.7. Procedure

Individuals expressing interest in the study are sent
general information about the study by e-mail, including
a short self-assessment questionnaire, which serves to
screen for individuals that do not meet the study’s eligi-
bility criteria. Participants meeting the basic eligibility
(Table 1) are invited to proceed to the second screening
phase, as part of which the BADL is administered to the
nominated informant during a short phone interview to
verify functional independence. Participants are then
invited to attend an information session at the Sheba Med-
ical Center, and those interested are invited to sign the
consent form. The details of participants who consent to
participate are then passed to the researcher responsible
for conducting the baseline evaluation, who arranges the
usually home-based baseline assessment. On completion
of the baseline evaluation, participants are randomized
into the training (TA-CCT or AC) and SE (GSE, CogSE,
No-SE) conditions as described previously, and their de-
tails are passed to the research person responsible for ori-
enting them into the intervention. During the orientation
to the intervention (completed according to a structured
and scripted protocol), a step-by-step review of a written
user manual is completed, along with instruction on
completion of the participant intervention diary, comple-
tion of the baseline computerized assessment included
in the CogniFit training platform, and completion of a
general SE scale, and an SE scale for cognitive training
(see Table 2).

During the intervention period, participants receive a
fortnightly phone call aimed at monitoring the progress of
participants through the training, their mood, and well-
being and providing technical support as required. In addi-
tion, depending on the group to which a participant is as-
signed, the SE intervention is also delivered during this
phone call, as described previously. The structure and con-
tent of these phone calls are fully scripted, and fidelity of de-
livery is evaluated on an ongoing basis with the trial
manager.

At the end of the 8-week intervention period, participants
are invited by e-mail to complete again the computerized
cognitive evaluation included in the CogniFit platform. At
this point, their details are passed again to the blind asses-
sors, who scheduled the postintervention pen-and-paper
assessment session, typically within 1 to 2 weeks of comple-
tion of the training. Three months after the completion of the
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training phase, participants are contacted by e-mail and
invited to complete the 1-week booster training, during
which they are again asked to complete six 20-minute
training sessions on CogniFit. Finally, 6 months after the
end of the training phase, participants are invited to undergo
the final cognitive evaluation, which is identical to the previ-
ous assessment sessions.

2.8. Noncompliance and attrition

As noted previously, adherence to the intervention proto-
col is monitored automatically through CogniFit’s log files.
Participants are considered to have been compliant with the
training if they completed at least 80% of the total training
dose (38 training sessions). Nonadherence does not lead,
however, to the exclusion of participants from the trial,
and participants who do not adhere to the intervention proto-
col or advised that they wish to discontinue the intervention
are invited to undergo the postintervention and follow-up as-
sessments at the usual times.

2.9. Data management

A comprehensive, password-protected file is used to
maintain a registry of all expressions of interest, as well as
all data relevant to the screening procedures and to manage
the schedule for relevant events throughout the various
stages of the trial. All consent forms, signed by the partici-
pant and cosigned by one of the principal investigators, are
stored separately from deidentified assessment and
intervention-related data, consistent with the requirements
of the hospital’s ethics committee on completion and scoring
of all pen-and-paper assessments, scores are entered into a
hard copy and electronic client record form. Both pen-and-
paper assessment protocols and CRFs are stored in locked
cabinets and password-protected files, accessible only by
the research team. Assessment data included in the comput-
erized cognitive evaluations conducted by the CogniFit plat-
form at baseline and continuously throughout the training
are downloaded as Excel spreadsheets directly from Cogni-
Fit’s servers on completion of the training. The CRFs of all
participants are reviewed for accuracy by the trial manager.
The trial was selected for an audit by the Sheba Medical
Centre’s Division for Research and Development Commit-
tee which subsequently reviewed all relevant procedures,
including consent-related procedures and data management
(18 April 2016), and provided a favorable review of the tri-
al’s procedures.

2.10. Statistical analysis

Data analyses will commence once the last participant
completes their final assessment and will be conducted us-
ing IBM SPSS Statistics (V.22) and Stata (V.13; StataCorp,
Texas, USA). All data will be first scrutinized for complete-
ness, distributions, the presence of outliers, and missing
data. Missing data will be handled in accordance with the
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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steps recommended by Carpenter and Kenward [63],
namely analyses of outcome variables with less than 15%
of the data deemed to be missing completely at random
(MCAR) will be proceeded using observed data only.
This is not considered a significant issue for linear mixed
models as these techniques include cases with missing
data. Data will be considered to be MCAR when no associ-
ations will be found between the values on variables with
missing data and other observed data, and Little’s chi
square test, included in SPSS missing data analysis, will
be used to evaluate the null hypothesis that data are
MCAR. In the event that data will found to be missing at
random, missing values will be imputed using multiple
regression models, and if the data are deemed to be not
missing at random, the SPSS EM procedure will be used
to estimate means and standard deviations on relevant vari-
ables while taking into account the pattern of missing data.
Distributions showing substantial deviations from
normality will be transformed to reduce the influence of
extreme values. All cognitive test scores are standardized
against local norms where available or to published interna-
tional norms where local norms are not available (see
Table 2). In addition, when more than one score was
derived from a test (e.g., immediate and delayed recall
measures), a total score for that test is derived by
computing the average Z score of all indices from that
test. The Global Cognitive score is the mean of the Z scores
of all cognitive measures. A composite Delayed Memory
score is computed as the mean Z score of the delayed recall
trials of the Logical Memory, RAVLT, and ROFCT tests. A
composite Learning and Memory score is computed as the
mean Z score of the total score of each memory test.
Finally, a Non-Memory composite score is calculated
from the following measures: RCFT (copy); phonetic, se-
mantic, and switching fluency; digit-symbol coding;
digit-span; and trail-making A1B. Scores on the self-
reported mood scales (Geriatric Depression Scale and Geri-
atric Anxiety Inventory) are also converted into Z scores
against the baseline mean and standard deviation of the
complete sample.

All analyses will be completed using an intention-
to-treat approach. Baseline characteristics of the two inter-
vention conditions will be compared using Analysis of
Variance for continuous variables and chi-square for cate-
gorical variables. Because of the typical dropout rates in
clinical trials, and to the fact that central assumptions of
the general linear model (uncorrelated observations, homo-
geneity of variance) are typically not met in the context of
repeated measurements in a clinical trial, linear mixed
models will be used to model the association between pre-
dictors and each of primary and secondary outcome vari-
ables. The following specifications will be used in all
fitted models.

In relation to each outcome measure of interest, the fit sta-
tistics Bayesian Information Criterion of three primary
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models will be compared. The basic model will include fixed
main effects of training condition (TA-CCT vs. AC; refer-
ence condition), SE condition (No-SE; reference, CogSE,
GSE), and we will compare basic models in which assess-
ment occasion will be specified as a fixed effect (T0; refer-
ence time, T1, T2), with models in which it will be
specified as having a random slope. The second model will
include the aforementioned terms (with assessment occasion
as a fixed effect) as well as the two-way interactions (be-
tween time and training condition, time and SE condition,
and training condition and SE condition). Finally, the third
model will include all the above, as well as the three-way
interaction between assessment occasion, training condition,
and SE condition. Participants will be specified as having a
random slope in all models. Model parameters will be esti-
mated using Restricted Maximum Likelihood Method,
with an Unstructured Covariance Matrix specified to model
the covariance of the residuals and the random factors.
Based on the rule of thumb provided by Seltman [64], a
reduction of greater than two points in the Bayesian Infor-
mation Criterion will generally be considered a relative
improvement in the model and used as the basis for model
selection. Results will be considered to be statistically sig-
nificant when P � .05.

For each of the primary and secondary outcomes, effect
sizes will be calculated as the standardized group differences
in change scores between baseline and postintervention
assessment, as well as between baseline and follow-up as-
sessments (Cohen’s d).
3. Discussion

The development of effective dementia risk reduction in-
terventions is a public health priority, and individuals with
diabetes represent an important target group for such interven-
tions due to their consistently demonstrated increased risk.
Ideally, such interventions should be embedded in lifestyle
choices, be motivating and engaging, and be readily scalable
to wide sections of the population. CCT satisfies many of
the requirements of effective public health interventions and
in recent years has indeed become a popular approach in
research settings as well as in the wider population.

To our knowledge, this is the first RCT of CCT targeting
cognition and disease self-management among older dia-
betic adults. While based on previous studies we expect
that benefits in cognitive performance will be observed,
the present study will further clarify whether personalization
of task allocation algorithms, adaptive difficulty levels, and
the provision of feedback are critical intervention compo-
nents over and beyond training on the same tasks but without
these intervention features. The study will further clarify
whether CCT has an impact on disease self-management
and the extent of the association between cognitive function
and disease self-management. Furthermore, the study will
advance our understanding of the role of global and
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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cognition-specific SE in relation to intervention adherence
and study outcomes. Taken together, data from the current
trial will inform future efforts to optimize cognition and dis-
ease self-management in this population, which may play a
role in the prevention of dementia. The protocol in this study
can additionally be implemented in the study of different
populations that are at risk for cognitive impairment and in
which this impairment is associated with poor disease self-
management.
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posted on the web site of the Joseph Sagol Neuroscience
Center as well. Personally identifiable information
(including consent forms and electronic participant register)
is saved separately from deidentified research data and is
managed in accordance with the standards set by the Israeli
Health Ministry, and consistent with Good Clinical Practice
guidelines. All research personnel are required to hold a
current Good Clinical Practice certificate from a ShebaMed-
ical Center–approved provider and to sign a confidentiality
statement.
sity Library from ClinicalKey.com.au by Elsevier on May 16, 2018.
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RESEARCH IN CONTEXT

1. Systematic review: Numerous studies have pointed
out the potential of computerized cognitive training
interventions in improving cognitive outcomes in
cognitively healthy older adults, and those with
mild cognitive impairment, but whether such inter-
ventions are associated with cognitive benefits and
improved self-management in older adults at risk of
dementia due to diabetes is unknown.

2. Interpretation: Once completed, the intervention
described in this protocol will clarify whether
computerized cognitive training plays a role in the
self-management of older diabetic adults, poten-
tially interfering with a downward spiral resulting
from the interplay between subtle cognitive impair-
ment and suboptimal diabetes self-management in
older adults.

3. Future directions: The findings from the trial
described in the current protocol will have implica-
tions for the design of future cognitive training inter-
ventions to maximize their potential to not only
improve or sustain cognitive functioning but also
promote effective self-management in lifestyle and
age-related chronic conditions associated with
increased risk of dementia.
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