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Abstract Introduction: Information and communication technology (ICT) has emerged as promising to sup-
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port health care consumers, including informal caregivers. This systematic review seeks to evaluate
the state of the science of ICT interventions on the health of informal dementia caregivers.
Methods: We searched PubMed, CINAHL, Web of Science, and PsycINFO using concepts associ-
ated with ICT, dementia, and caregiver. Studies were assessed using the Quality Assessment Tool for
Quantitative Studies.
Results: We identified 657 full-text publications. After removal of duplicates and title, abstract, and
full-text screening, the quality of 12 studies was assessed. Studies varied in technology, implemen-
tation, results, and intervention evaluation.
Discussion: The methodological quality of the ICT intervention studies among dementia family
caregivers was moderate to strong, yet outcomemeasurement was not uniform. The evidence is stron-
gest for various forms of telephone-based interventions. However, there is a need for research that
includes heterogeneous participants based on gender, race, and ethnicity.
� 2018 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

Dementia is a major health problem, affecting an esti-
mated 5.5 million Americans [1]. Up to 75% of people living
with dementia in the United States are cared for by family
members in their homes [2]. The Alzheimer’s Association
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estimates that more than 15 million Americans are caring
for family members suffering from dementia, providing an
estimated 18 billion hours of unpaid care each year [1].
Providing care for an individual with dementia is chal-
lenging, and the detrimental effects of dementia caregiving
on physical and mental health are well documented [1–3].
Dementia caregiver burden can adversely impact physical
health, with 35% of dementia caregivers reporting that
their health has deteriorated due to care responsibilities
[1]. Evidence suggests that dementia caregivers have higher
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levels of depression, anxiety, and other mood disorders
compared with caregivers of older adults without dementia
[2,3]. Dementia caregiving is also associated with family
conflict and a decrease in social support and social
interaction for the caregiver [4].

Information and communication technology (ICT) has
emerged as a promising mode of intervention to support
health care consumers, including dementia caregivers. Infor-
mation and communication technology consists of digital
and analog technologies, including hardware, software,
networks, and media, that facilitate collecting, capturing,
storing, processing, transmitting, exchanging, and present-
ing information, and/or communication [5–7]. ICT
interventions can improve decision confidence, reduce
emotional strain, improve spousal relationship conflict,
decrease activity restriction, increase self-efficacy, and
decrease caregiver burden [5–10].

Researchers have demonstrated that technology-based in-
terventions can improve outcomes among people living with
chronic disease [11,12]. In a systematic review that assessed
the effectiveness of mobile technology interventions, the
evidence suggests benefits for particular conditions
including reduction of viral load among people living with
HIVand increased perceived self-care agency in lung trans-
plant patients [11]. It is less clear whether findings of the use
of mobile technology interventions are clinically meaningful
in other domains, such as diabetes, dieting, vaccine appoint-
ment attendance, cardiopulmonary resuscitation training,
asthma control, physical activity, and psychological support,
because of its small effects on these outcomes. A meta-
analysis of the effectiveness of web-based interventions
compared with non–web-based interventions on behavioral
outcomes revealed improvements in outcomes for users of
web-based interventions with chronic conditions [12]. Spe-
cifically, the evidence points to the effectiveness of web-
based interventions to increase exercise time, knowledge
of nutritional status, knowledge of asthma treatment, and
participation in health care; slower health decline; improved
body shape perception; and 18-month weight loss mainte-
nance.

Similarly, ICT interventions have been shown to support
effective care coordination through the use of telephone and
email communication with dementia caregivers, reducing
caregiver strain and depression [13,14]. The Alzheimer’s
Caregiver Support Online intervention, a web- and
telephone-based education and support network, was devel-
oped for caregivers of persons with progressive dementia
[13]. Participants in the Alzheimer’s Caregiver Support On-
line intervention, which was delivered during six web care-
giving classes, reported significant pre- to post-test
increases in self-efficacy for obtaining respite, responding
to disruptive patient behaviors, and controlling upsetting
thoughts about caregiving and improvements in emotional
caregiver burden, but little or no change in positive aspects
of the caregiving experience or time burden in providing
caregiving assistance. Information and communication
technology has been used to provide information, commu-
nication, and decision support, as well as to make available
disease-specific information, private email, question-and-
answer forums, and social support. Information and
communication technology has also been used to assist
caregivers with managing their health care services encoun-
ters and executing healthy behaviors for themselves and a
family member with dementia [15].

While research on ICT interventions indicates promising
effects, the current state of the evidence has not been system-
atically evaluated among informal family caregivers of per-
sons living with dementia. We conducted this systematic
literature review to evaluate the state of the science sur-
rounding the effects of ICT interventions on the health of
informal dementia caregivers. We aimed further to critically
appraise the quality of the research and findings for the
studies included in this systematic literature review.
2. Methods

2.1. Systematic review protocol

The methods of this systematic review have been devel-
oped in accordance with Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement. We used a
standardized protocol to identify randomized controlled tri-
als (RCTs) that evaluated ICT interventions and guide data
extraction from these studies for this systematic review. De-
tails of the protocol can be found in Appendix A.

2.2. Criteria for inclusion

We included RCTs of ICT interventions for informal
caregivers of persons living with dementia. Informal demen-
tia caregivers include those who are primarily responsible
for the well-being of a person living with dementia who re-
quires assistance as a result of mental and/or physical defi-
cits resulting from dementia. Studies were excluded if the
person living with dementia was institutionalized, the inter-
vention contained both ICT and non-ICT components, and
the caregiver was professional, nonpersonal, or bereaved.
Nonpersonal caregivers were defined as thosewithout a prior
relationship to the person with dementia. In this systematic
review, dementia was identified using the terms dementia,
Alzheimer’s disease, vascular dementia, frontotemporal de-
mentia, and dementia with Lewy bodies. The dementia could
be mild, moderate, or severe. Studies conducted outside of
the United States and conducted in languages other than En-
glish and Spanish were excluded. We limited studies con-
ducted in the United States because of variation in health
care delivery models across countries.

2.3. Selection of studies

We searched PubMed, CINAHL, Web of Science, and
PsycINFO using search terms associated with the concepts
of ICT, dementia, and caregiver. A detailed list of the terms
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harvested in this systematic review can be found in
Appendix B. We did not impose date limits. However, this
review reflects the latest search through July 2017. We
selected studies for appraisal in a two-stage process. First,
we searched for RCTs. Then, we searched for systematic re-
views to identify RCTs that met the inclusion in this review.
We hand-searched references in these review articles to
identify studies that may have been missed in the initial
search. Two primary reviewers (RW, KL) screened the titles
and abstracts found in the initial search to identify potential
studies for inclusion in the review. Two secondary reviewers
(EAF, AGMP) performed a full-text screening and came to
consensus on those studies that met the inclusion criteria.
Any uncertainties were resolved through further discussion
with comments made by a third reviewer (RJL).
2.4. Data extraction and analysis

Two reviewers (EAF, AGMP) independently recorded
key features of each study to identify characteristics of the
intervention and its evaluation, with discrepancies resolved
by joint review and consensus with the principal investigator
(RJL). Reviewers used a data collection form to record infor-
mation on study author, intervention type, intervention
description, who carried out the intervention, intervention
Fig. 1. Flow diagram of the sy
dose, intervention intensity, control group type, dropouts,
primary outcomes, and main findings. Studies were catego-
rized based on the main technology that was used for the
intervention (e.g., telephone-based) and to facilitate synthe-
sis of the studies.

Two independent reviewers (EAF, AGMP) assessed the
quality of the studies included in the review using the Qual-
ity Assessment Tool for Quantitative Studies [16]. The Qual-
ity Assessment Tool for Quantitative Studies is a reliable and
valid instrument that can be used to rate the following
criteria: selection bias, study design, confounders, blinding,
data collection method, and withdrawals and dropouts. The
developers of the Quality Assessment Tool for Quantitative
Studies report a Cohen’s kappa of 0.74. Each criterion is
rated as weak, moderate, or strong. Any differences in qual-
ity ratings were clarified with a third reviewer.
3. Results

As illustrated in Fig. 1, the initial search yielded 657
full-text publications with 53 duplicates that were removed.
Title and abstract screening resulted in an additional 290
records being excluded (e.g., title and/or abstract did not
mention evaluation of an ICT intervention), which resulted
in 314 studies being reviewed in full-text for eligibility.
stematic review process.
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There were 302 full-text articles excluded based on study
inclusion and exclusion criteria and none were removed
during data extraction. Data extraction and quality assess-
ments were performed on 12 studies. The 12 RCTs that
met our inclusion criteria were aimed at changing 18
caregiving-related outcomes (including outcomes of inter-
est in this review).
3.1. Participant and sample characteristics

Not all of the studies reported the study participant’s char-
acteristics (see Table 1) [17,20]. In studies that reported
gender [9,18,19,21–27], most participants were female
caregivers except in one study that had 100% male
caregiver participation [26]. In eight studies that reported
race [9,18,19,21–24,27], only white and black race were
reported with white caregivers being more than a majority
of the participants within each study (i.e., 68.3% to
96.0%). Three of the 14 studies reported ethnicity
[18,19,25], including 2% Hispanic in one study, 1.3%
Filipino in another study, and 100% Chinese American in
a single study.

The type of intervention, the person who carried out the
intervention, intervention dose and intensity, and outcome
measures varied (see Table 1). Half of the studies evaluated
a telephone-based intervention [17–22], four studies tested a
video-based intervention [23–26], and the remaining two
studies evaluated a computer-based intervention [9,27]. A
wide array of individuals, including nurses, social workers,
care consultants, behavior change counselors, coaches, and
group leaders delivered the intervention in 1 of 6 studies,
and therapist delivered the intervention in two studies
[20,21]. In four studies [9,18,19,27], the intervention was
self-directed and used no interventionist. The intervention
dose varied from ad lib intervention self-exposure to daily,
weekly, biweekly, and monthly follow-up contacts with an
interventionist. The intervention duration ranged from 2
months to 1 year. For studies that reported intervention in-
tensity, telephone-based ranged from 1 minute to 1 hour,
video-based included 5- to 90-minute telephone session
and multiple video viewings, and computer-based encoun-
ters averaged 13 minutes. Of the 12 interventions, ten tar-
geted increasing caregiving support, one aimed to improve
caregiver health [24], and one sought to improve caregiver’s
skills for resource utilization [17]. Most studies reported on a
variety of caregiver self-reported emotional and mental
health outcome measures, including burden, depression,
anxiety, social isolation, relationship strain, satisfaction,
decision-making confidence, self-efficacy, personal affect,
upset and annoyance, bothersome nature of caregiving,
and reactions to problematic behaviors exhibited by the per-
son living with dementia. There were four studies that
collected personal and physical health outcome measures;
including service utilization, exercise, and self-reported
self-care, well-being, and personal gains [17,19,22,24].
3.2. Quality of randomized controlled trials

Inter-rater agreement for two reviewers on the six compo-
nents of the Quality Assessment Tool for Quantitative
Studies was 83.33%. Based on judgment of the raters, four
studies were scientifically strong overall (see Table 2)
[9,18,21,23]. These four studies reflect diversity in the
type of ICT interventions, delivery modes, and dosing and
intensity of the interventions. However, the caregiver
outcomes measured were similar across the four studies. A
closer look at the quality components and ratings of the
four studies reveals that the designs and data collection
methods were strong in all studies, selection bias was
problematic in all studies (i.e., moderate ratings), and
blinding was a concern for most studies (i.e., moderate to
strong ratings). The five studies that were rated moderately
strong overall had one weak component [17,22,23,25,27].
The three weak studies overall had one or two components
that were rated as weak [20,24,25].

3.3. Effect of interventions

We categorized the studies into groups based on the tech-
nology that was used for the intervention. The three technol-
ogy groups were telephone-, video-, and computer-based
interventions. See Table 1 for detailed descriptions of the
studies included in these results.

3.3.1. Telephone-based interventions
Among the twelve studies evaluated, six were telephone-

based interventions of which five used an interventionist and
one was self-directed. Two studies were scientifically strong
overall [18,21]. Three interventions resulted in a significant
effect on caregiver-related outcomes and all of these inter-
ventions were individual level encounters with intervention-
ists [17,20,21]. Two of the three statistically significant
studies aimed to improve coping whereas the other
focused on improving utilization of community resources.
This was achieved through psychosocial support from a
therapist and establishing an individualized plan of care
with a care consultant, respectively. The dosing and
intensity varied across the three statistically significant
interventions. All three studies evaluated the effect of the
intervention on multiple caregiver outcomes. In the two
studies that used a therapist, the results included a
decrease in burden (P 5 .01) [20], depressive symptoms
(P 5 .003) [21], and caregiver’s reactions to frequency and
bother of dementia behaviors (P 5 .01; P 5 .009) [20,21].
In the one study that used care consultants, caregivers
decreased service utilization (P � .01), depression
(P � .05), relationship strain (P � .05), and had increased
satisfaction with managed care (P � .05) [17].

3.3.2. Video-based interventions
Four studies evaluated primarily video-based interven-

tions, one of which was overall scientifically strong [23].



Table 1

Overview of studies in systematic review of information and communication technology interventions for informal caregivers of persons living with dementia

Study author

Intervention

type

N at the baseline, %

gender, race/

ethnicity in

analysis

Intervention

description

Who carried out the

intervention

Intervention dose

(how many times

e.g. 1 per week)

Intervention

intensity

(duration and

how long)

Control

group type

Drop

outs

Primary

caregiver outcomes

Main

findings

Bass et al.,

2003 [17]

Telephone-

based

182, % gender

and race/

ethnicity

not reported

Care consultants

contacted CGs

to establish first

contact. Care

consultants

work with CGs

to establish

individualized

plan of care that

can include

tasks such as

utilizing

Alzheimer’s

Association

services. It was

then up to CGs.

Care consultants

from

Alzheimer’s

Association

Variable, after first

session follow-

ups ranged from

daily to 3-month

intervals

depending on

CG need.

Average of 12

contacts in a

year.

1 year, duration of

sessions not

stated.

Usual Care 25 Service utilization,

satisfaction with

managed care,

caregiver

depression,

care-related

strain

Significant

decreases in

some service

utilization (3 of

6 measures—

case

management

visit, direct care

community

services, non-

Alzheimer’s

Association

information and

support

services),

significant

increase 3

measures of CG

satisfaction with

managed care,

significant

decrease in

caregiver

depression,

significant

decrease in

relationship

strain.

Mahoney

et al., 2003

[18]

Telephone-

based

100, 80% female,

79% white,

16% black,

2% hispanic,

2% other race/

ethnicity

Automated

interactive voice

response

system. The

system included

numerous

support features

provided via the

telephone

including

support groups,

Self-directed Variable, range of 1

to 45 calls with

an average of 11

calls over the

year.

1 year, duration

variable with an

average

220 seconds per

call. Also, a

range of

1-318 minutes

and an average

of 55 minutes

total over the

year.

Education

materials

only

18 Bothersome nature

of caregiving,

anxiety,

depression

No significant

differences for

the main effects
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Table 1

Overview of studies in systematic review of information and communication technology interventions for informal caregivers of persons living with dementia (Continued )

Study author

Intervention

type

N at the baseline, %

gender, race/

ethnicity in

analysis

Intervention

description

Who carried out the

intervention

Intervention dose

(how many times

e.g. 1 per week)

Intervention

intensity

(duration and

how long)

Control

group type

Drop

outs

Primary

caregiver outcomes

Main

findings

strategies to

reduce

disruptive

behavior, and a

distraction call

for the care

recipient.

Martindale-

Adams

et al., 2013

[19]

Telephone-

based

154, 83.75%

female, 72.70%

white, 29.25%

black, 1.3%

Filipino

Telephone-based

support groups.

Group leaders 14 sessions over the

year. Biweekly

for 2 months and

then monthly.

1 year, duration of

sessions 1 hour.

Education

materials

only

15 Frequency and

bother of

dementia

behaviors,

burden,

depression,

general well-

being

No significant

differences

Tremont et al.,

2008 [20]

Telephone-

based

60, % gender and

race/ethnicity

not reported

Telephone-based

psychosocial

intervention to

provide support

and improve

coping.

Therapists 23 sessions over the

year. Weekly for

six weeks,

biweekly for

6 months,

monthly for

4 months.

1 year, duration of

initial call was

approximately

60 minutes, then

15-30 minutes.

Total amount of

contact over

year was

approximately

12 hours.

Usual care 27 Burden, frequency

and bother of

dementia

behaviors,

depression

Significant

decrease in

burden and

reactions to

dementia

behaviors

Tremont et al.,

2015 [21]

Telephone-

based

250, 78% female,

96% white

Telephone-based

psychosocial

intervention to

provide support

and improve

coping.

Therapists 16 sessions over

6 months. 7

weekly calls,

then 9 bi-weekly

calls.

6 months, duration

of initial call

was

approximately

60 minutes, then

15-30 minutes.

Attention

control

w37.5

(15%)

Depression,

burden,

frequency and

bother of

dementia

behaviors

Significant

decrease in

depressive

symptoms and

reactions to

dementia

behaviors

Winter et al.,

2006 [22]

Telephone-

based

103, 100% female,

68.3% white,

31.7% black

Telephone-based

support groups.

Social workers Weekly. 6 months, duration

of sessions

1 hour.

Usual care 9 Burden,

depression,

personal gains

No significant

differences in

main effects

Chang et al.,

1999 [23]

Video-

based

87, 100% female,

79.1% white

16.3% black

Videotapes

focusing on

strategies to

improve PWD’s

dressing and

eating skills.

Support with

Nurses Weekly phone calls

from a nurse.

CG self-reports

of viewing

videotapes once

or twice.

2 months, duration

of phone

sessions variable

with a range of

5-90 minutes

and average of

18.3 minutes.

Attention

control

22 Burden,

satisfaction,

anxiety,

depression

Significant increase

in satisfaction,

decrease in

depression,

decrease in

anxiety over

time
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Table 1

Overview of studies in systematic review of information and communication technology interventions for informal caregivers of persons living with dementia (Continued )

Study author

Intervention

type

N at the baseline, %

gender, race/

ethnicity in

analysis

Intervention

description

Who carried out the

intervention

Intervention dose

(how many times

e.g. 1 per week)

Intervention

intensity

(duration and

how long)

Control

group type

Drop

outs

Primary

caregiver outcomes

Main

findings

coping skills and

video content

reinforcement

provided over

the telephone

with a nurse.

Connell et al.,

2009 [24]

Video-

based

157, 100% female,

92.7% white

Exercise

intervention for

female spouse

caregivers of

persons with

dementia.

Intervention

included

exercise and

physical fitness

videos and

phone sessions

from behavior-

change

counselors.

Behavior-change

counselors

Total of 14 calls:

Weekly for

2 months,

biweekly for

2 months, and

monthly for

2 months.

6 months, duration

of phone

sessions not

specified.

Usual Care 20 Exercise, self-

efficacy for

exercise, self-

care, depression,

perceived stress,

perceived

burden

Significant increase

in exercise and

self-efficacy for

exercise and

decrease in

perceived stress

Gallagher-

Thompson

et al.,

2010 [25]

Video-

based

76, 87.14% female,

100% Chinese

American

Skill training

delivered via

DVD to Chinese

American

caregivers of

persons with

dementia.

Self-directed Entire DVD was

2.5 hours: CGs

encouraged to

watch regularly

over the

intervention

period.

3 months, variable

duration with

some

participants

reporting

watching DVD

multiple times

and others

reported never

completing

DVD.

Education

materials

only

6 Frequency and

bother of

dementia

behaviors,

positive affect

Significant

decrease in

dementia

behaviors and

increase in

positive affect

Gant et al.,

2007 [26]

Video-

based

32, 100% male,

race/ethnicity

not reported

10 videos and

weekly

telephone

coaching

sessions.

Intervention

targeted male

caregivers.

Coaches Weekly phone

calls.

3 months, duration

of coaching calls

not reported.

Attention

control

4 Upset and

annoyance, self-

efficacy, positive

and negative

affect

No significant

differences

between groups

over time
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Table 1

Overview of studies in systematic review of information and communication technology interventions for informal caregivers of persons living with dementia (Continued )

Study author

Intervention

type

N at the baseline, %

gender, race/

ethnicity in

analysis

Intervention

description

Who carried out the

intervention

Intervention dose

(how many times

e.g. 1 per week)

Intervention

intensity

(duration and

how long)

Control

group type

Drop

outs

Primary

caregiver outcomes

Main

findings

Brennan et al.,

1995 [9]

Computer-

based

102, 67% female,

72% white

ComputerLink

system that was

available for

CGs to access at

any time.

System provided

educational

information,

decision

support, and

communication

features for

communication

between CGs.

Communication

boards were also

monitored by a

nurse who

would respond

to messages.

Self-directed Variable, average 2

encounters each

week.

1 year, duration of

sessions variable

with an average

of 13 minutes.

Education

control-one

time

training

experience

to identify

local

resources

6 Confidence in

decision-

making,

decision-making

skill, social

isolation

Significantly

improved

decision-making

confidence

Kajiyama

et al., 2013

[19]

Computer-

based

150, 84% female,

89% white

14% other

Internet based

program with

eight

components

consisting of

embedded

educational

video clips.

Self-directed CGs Encouraged to

spend 7 to

10 days on each

module. Website

accessed an

average of 6.42

times per month.

3 months, variable

duration

(specifics not

reported).

Education

materials

only

47 Stress Significant

decrease in

stress

NOTE. All interventions took place in the home. Attention control indicates that phone calls were received.
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Table 2

Studies included for Evaluation of Quality Assessment Components and Ratings

Author by intervention type

Evaluation components and ratings

A B C D E F

Initial

global

rating*
Adjusted

global rating*R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2

Telephone-based

Bass et al., 2003 [17] 2 2 1 1 3 3 2 2 1 1 1 1 2 2 2

Mahoney et al., 2003 [18] 2 2 1 1 1 1 1 2 1 1 1 1 1 1 1

Martindale-Adams et al., 2013 [19] 3 3 1 1 1 1 2 2 1 1 1 1 2 2 2

Tremont et al., 2008 [20] 3 3 1 1 1 1 2 2 1 1 3 3 3 3 3

Tremont et al., 2015 [21] 2 2 1 1 1 1 2 2 1 1 1 1 1 1 1

Winter et al., 2006 [22] 3 3 1 1 1 1 2 2 1 1 2 1 2 2 2

Video-based

Chang et al., 1999 [23] 2 2 1 1 1 1 2 2 1 1 2 2 1 1 1

Connell et al., 2009 [24] 3 3 1 1 3 3 2 2 1 1 1 1 2 3 3

Gallagher-Thompson et al., 2010 [25] 2 2 1 1 3 3 2 2 1 1 1 1 2 3 3

Gant et al., 2007 [26] 3 3 1 1 1 1 1 2 1 1 1 2 2 2 2

Computer-based

Brennan et al., 1995 [9] 2 2 1 1 1 1 2 2 1 1 1 1 1 1 1

Kajiyama et al., 2013 [27] 3 3 1 1 1 1 2 2 1 1 2 2 2 2 2

NOTE. A: selection bias, B: study design, C: confounders, D: blinding, E: data collection methods, F: withdrawals and dropouts; R1 is quality assessment

rater 1 and R2 is quality assessment rater 2; 1 5 strong, 2 5 moderate, 3 5 weak.

*Each rater assigned an initial global rating and disagreements were discussed with the principal investigator to determine the adjusted global rating.
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The video-based interventions were either stand-alone or
had an additional ICT component (e.g., telephone follow-
up), and self-directed or delivered by an interventionist.
Three interventions had statistically significant effects on
seven caregiver outcomes [23–25]. The interventions were
targeted at improving caregiver health (i.e., physical
fitness) and providing caregiver support (i.e., teaching
caregiving strategies for promoting independence of the
person living with dementia and coping skills). None of
the studies had a prescribed dose, but the intervention
duration varied from 2 to 6 months. Three of the four
interventions included telephone support throughout the
study period. The frequency of telephone contact was only
reported in one study. A nurse made weekly support phone
calls. The video-only intervention resulted in an increase
in positive affect (P 5 .01) and a decrease in the bother of
dementia behaviors (P5 .012) [25].With the video plus tele-
phone support intervention, caregivers increased their satis-
faction (P 5 .015) [23], physical activity (P , .01) [24],
exercise self-efficacy (P , .01) [24], and decreased depres-
sion (P 5 .02) [23], anxiety (P 5 .01) [23], and stress
(P , .05) [24].

3.3.3. Computer-based interventions
We identified two studies that evaluated computer-based

interventions. Only one of the studies was scientifically
strong overall [9]. Nonetheless, both studies evaluated inter-
ventions that had significant effects on caregiver outcomes.
The interventions consisted of educational modules and
videos, decision support, and communication features.
There was no prescribed dose for these self-directed inter-
ventions that lasted 3 months and 1 year. On average, care-
givers accessed the interventions six to eight times each
month. While the aims of the interventions were alike (i.e.,
provide caregiver support), the caregiver outcome in Kajiya-
ma’s study (2013) was stress, whereas caregiver decision-
making confidence and social isolation were the outcomes
of Brennan’s study (1995). Kajiyama’s computer-based
intervention had a significant effect (P5 .017) in decreasing
stress, and Brennan’s significantly improved decision-
making confidence (P , .01) but did not affect social isola-
tion (P 5 .51) [9,27].
4. Discussion

Our systematic review of ICT interventions for informal
caregivers of persons living with dementia identified 12
studies describing 11 different interventions. There was no
uniformity of outcome measurement, and among these
studies, 18 caregiver-related outcomes were evaluated. The
studies varied in the intervention technology, methods of im-
plementation, results, and the quality of intervention evalu-
ation. In general, the methodological quality of the
included studies was moderate to strong, with three weak
studies. Six of the studies used telephone technology alone
and an additional two studies included telephone communi-
cation with a primary technology (i.e., video).

While one might have assumed that we would have iden-
tified more computer-based interventions, with the advent of
the computer and rapid advances in information and commu-
nication via the web, there were very few that satisfied our
inclusion criteria. Moreover, the two computer-based studies
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that were included were not necessarily dependent on ad-
vances in technology. In fact, the study conducted by
Brennan et al. in 1995 was the first among ICT interventions
in this review to evaluate whether the use of a computer-
based network could positively influence confidence in
decision-making among caregivers. Even though both
computer-based interventions aimed to provide caregiver
support, each study evaluated the effects of the ICT interven-
tion on different caregiver outcomes (i.e., stress and
decision-making). Nevertheless, Brennan’s evaluation of a
computer-based network was one of four scientifically
strong studies found in this systematic review.

Different forms of affective responses to caring for a per-
son living with dementia, such as burden, stress, and anxiety,
fit within the conceptualization of a stress response that
could be mediated by effective coping [28]. More than 200
non-ICT dementia caregiver interventions have been found
to be efficacious in RCTs during the past 3 decades [29].
Nevertheless, these studies typically rely on convenience
samples, which may limit generalizability of the findings
[30]. Like previous non-ICT studies, the ICT caregiver
intervention studies we reviewed applied a stress response
framework and relied heavily on convenience samples.
The result is that the health (e.g., biophysiological health
maintenance and/or promotion) and health care needs (i.e.,
annual primary care wellness visits) of caregivers often
goes unaddressed by most dementia caregiver interventions.
However, there was one exception in which the ICT inter-
vention had a statistically significant positive effect on care-
giver’s exercise and exercise self-efficacy [24].

There is limited evidence about the benefits of ICT inter-
ventions for population subgroups by race/ethnicity, gender,
geographic location, and long-distance and multiple care-
givers [29]. We found that most participants included in
the studies for this review were female and white. Notably,
ethnicity was only reported in three studies. Information
and communication technology innovations are advancing
at a rapid pace and most enable low cost interventions.
Notably, ICT interventions can be tailored with content
based on race/ethnicity, location, caregiver responsibilities,
and age of caregivers, as well as the health and health care
concerns they face during the life-course of dementia [11].
However, there is much to be learned about the effects of
ICT interventions on different groups of informal family
caregivers of persons living with dementia.

The studies identified for this systematic review varied in
methodological quality. Although most studies had at least
moderate quality, all were found to have selection bias by
both raters that compromises the reliability and validity of
the intervention evaluation. Nearly all of the outcome mea-
sures were self-reported. Although this is typical in caregiver
studies, self-report is subject to bias from over- and under-
reporting of affective responses to caring for a person living
with dementia [31]. Studies varied considerably with respect
to intervention dose and intensity, thus making it difficult to
integrate the study’s findings. A similar problem applies to
the configuration of the interventions: they varied in the
unit of exposure (i.e., individual vs. group), information
and communication technologies used (e.g., video-based
only or video- and telephone-based), use of the technology
(e.g., direct telephone contact with an interventionist vs.
automated interactive voice telephone response system),
and those who carried out the intervention (i.e., an interven-
tionist or self-directed). A number of studies reported ana-
lyses of multiple affective outcomes, but none reported
adjusting for multiple hypothesis testing. Some significant
findings may therefore have been attributable to chance
[32]. These issues made it difficult to come to a general
conclusion about the effect of ICT interventions.
4.1. Limitations of systematic review

We recognize that our systematic review has limitations.
First, because we included only RCTs in our systematic re-
view, ICT interventions such as television media campaigns
not evaluated using an RCT design might have had a signif-
icant effect on caregiver outcomes. Next, we chose not to
attempt to include ICT interventions that targeted profes-
sional caregiver behaviors that could affect informal care-
giver outcomes because our aim was to identify the effects
of ICT interventions in the developing field of consumer
health informatics rather than to assess the effectiveness of
a particular intervention or categories of interventions.
Finally, it is possible that our review missed some ICT inter-
vention trials that had a statistically significant effect on
caregiver outcomes because we included only four of ten
types of dementia, but this seems unlikely given that Alz-
heimer’s disease, vascular dementia, frontotemporal demen-
tia, and dementia with Lewy bodies are the most common.
5. Conclusions

The findings of this systematic review provide the first
glimpse at the effects of ICT interventions for informal
caregivers. We identified a limited number of ICT interven-
tion studies that reported a statistically significant effect on
informal caregiver outcomes. Nonetheless, a range of ICT
interventions including, telephone-, video-, and computer-
based interventions appear to be successfully targeting
caregiver support for a range of affective caregiver out-
comes, including burden, depression, and anxiety. The evi-
dence, although limited, is strongest for various forms of
telephone-based interventions based on the quality of the
studies and the effects of the interventions. Telephone tech-
nology can be used effectively as a stand-alone intervention
or in tandem with other ICTs. Further research is needed to
validate current ICT interventions to establish generaliz-
ability of each modality. Our review serves as a comprehen-
sive survey of the current state of effective ICT interventions
for informal caregivers which can be used by policymakers
and researchers to guide further development of interven-
tions strategies in improving caregiver health.
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RESEARCH IN CONTEXT

1. Systematic review: The authors searched PubMed,
CINAHL,Web of Science, and PsycINFO using con-
cepts associated with information and communica-
tion technology (ICT), dementia, and caregiver.
Technology-based caregiver interventions can
improve informal dementia caregiver outcomes. The
literature was evaluated to identify the state of the
science on ICT interventions for informal dementia
caregiver health.

2. Interpretation: There is variation in the type of tech-
nology, including telephonic, video, and computer-
ized, used for ICT interventions. The evidence of
the effects of ICT interventions on informal dementia
caregivers is limited, and strongest among various
forms of telephone-based interventions. Participa-
tion was constrained narrowly to white female
caregivers.

3. Future directions: We identified the need to improve
sampling of participants, outcome measurement,
treatment exposure, and statistical analyses in future
ICT intervention studies. With the aging of a diverse
society, it is critical to include participants from
different gender and racial/ethnic groups.
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