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Abstract

Introduction: Cognitive training can potentially reduce risk of cognitive decline and
dementia in older adults. To support implementation of cognitive training in the
broader population of older adults, it is critical to evaluate intervention implementa-
tion and efficacy among representative samples, particularly those at highest risk of
cognitive decline. Hearing and vision impairments are highly prevalent among older
adults and confer increased risk of cognitive decline/dementia. Whether cognitive
training interventions enroll and are designed to include this important subgroup is
unknown.

Methods: A scoping review of PubMed and PsycINFO was conducted to examine
the inclusion of older adults with hearing and vision impairment in cognitive training
interventions. Two independent reviewers completed a full-text review of eligible arti-
cles. Eligible articles included cognitive training and multimodal randomized controlled
trials and a study population that was cognitively unimpaired, aged >55-years, and
community dwelling. Articles were primary outcome papers published in English.
Results: Among the 130 articles included in the review, 103 were cognitive training
interventions (79%) and 27 were multimodal interventions (21%). More than half the
trials systematically excluded participants with hearing and/or vision impairment (n =
60, 58%). Few studies reported hearing and vision measurement (cognitive: n = 16,
16%; multimodal: n = 3, 11%) or incorporated universal design and accessibility into
intervention design (cognitive: n = 7, 7%; multimodal: n = 0, 0%).

Discussion: Older adults with hearing and vision impairment are underrepresented in
cognitive training interventions. Reporting of hearing and vision measurement, proper
justification of exclusions, and inclusion of accessibility and universal intervention
design are also lacking. These findings raise concerns about whether current trial find-
ings apply to those with hearing and vision impairment and generalize to the broader

population of older adults. It is critical to include more diverse study populations and
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1 | BACKGROUND

Randomized controlled trials have demonstrated that cognitive train-
ing, that is, the systematic training of one or more cognitive domains
through various tasks, can potentially improve cognitive performance
and other health outcomes. The beneficial effects of training can last
several years after the intervention ends and are strongest in the cog-
nitive domain trained.!~> Effects in some studies have also extended
to more distal outcomes such as functional ability and depression.2
The National Academies of Sciences, Engineering, and Medicine cited
cognitive training as one of three interventions that could potentially
prevent cognitive decline and dementia.® Multimodal interventions
that include cognitive training have also shown potential effective-
ness for reducing dementia risk.”8 For example, the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability
(FINGER) Study provided nutritional counseling, strength training and
aerobic exercise, cognitive training, and vascular risk factor man-
agement. Participants who received the intervention showed greater
improvement in performance on the neuropsychological test battery,
as well as in executive function and processing speed domains, as
compared to the control group after 2-years.”

As the evidence base for cognitive training grows, implementa-
tion and evaluation of cognitive training in representative samples of
older adults is critical. It is especially important to understand the
effectiveness of cognitive training among older adults at the highest
risk for health outcomes that are potentially modifiable by cogni-
tive training. These groups may derive greater benefits from cognitive
training as compared to healthy or lower-risk older adults. Despite
this need, vulnerable groups of older adults have been underrepre-
sented in cognitive training intervention studies. One recent study, for
example, found that racial and ethnic minorities are largely underrep-
resented in cognitive training interventions. Current interventions are
predominantly tested among samples of White participants.”

Older adults with hearing or vision impairment may be underrep-

resented in cognitive training intervention studies. Hearing and vision

integrate accessibility into intervention design to include and better represent older

adults with hearing and vision impairment.

accessibility, cognitive training, diversity, hearing impairment, inclusion, vision impairment

» Cognitive training interventions underrepresent hearing and vision impairment.
* Sensory measurement and proper justification of exclusions are rarely reported.
* Interventions lack inclusion of accessibility and universal intervention design.

* More diverse study populations are needed in cognitive training interventions.

* Integration of accessibility into cognitive training intervention design is needed

impairment is highly prevalent among older adults. The prevalence
of clinically significant hearing impairment increases from two-thirds
among adults aged >70 years to 90% among those aged >80 years,1°
and the prevalence of vision impairment increases from 1% among
adults aged 50-54 years to 21% among those aged >85 years.1? Older
adults with hearing or vision impairment also have a higher risk of cog-
nitive decline and dementia. The risk of dementia is nearly two times
higher among older adults with hearing impairment and nearly 1.5
times higher among those with vision impairment.’>12 Older adults
with hearing and vision impairments may also have a higher risk of
other poor health outcomes, including worse physical function and
functional ability,131* depression,’® and reduced reported social well-
being.1®1” Despite being a group that may derive significant benefits
from cognitive training, little is known about the implementation and
effectiveness of cognitive training interventions in populations with
hearing and vision impairment.

The present study reviews the cognitive training intervention
literature to quantify the inclusion of older adults with hearing
and vision impairment in cognitive training interventions. We first
address the inclusion and exclusion of participants with hearing and/or
vision impairment from cognitive training intervention studies. We
then review characteristics of intervention implementation related
to hearing and vision impairment, including accessibility and design
features for people with hearing or vision impairments. We hypoth-
esize that most interventions exclude participants with hearing or
vision impairment, and few integrate accessibility into the intervention

design.

2 | METHODS
2.1 | Selection criteria

Articles in the present scoping review were cognitive training
interventions of a randomized controlled trial study design that
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were published in peer-reviewed journals prior to June 29, 2021.
Participants were adults aged 55-years or older who were living in
the community without cognitive impairment.? Studies were excluded
if they reported study populations with cognitive impairment or sub-
jective cognitive complaints, did not report screening for cognitive
impairment, or if the publication was not the primary outcome paper
for the trial.? There were no exclusions placed on the form of cog-
nitive training, and studies were categorized based on whether the
intervention was cognitive only or multimodal. Cognitive training inter-
ventions targeted one or more cognitive domains, including attention,
executive function, language, memory, and speed of processing. Mul-
timodal interventions targeted at least one cognitive domain as well
as additional interventions such as social support or physical activity.
Studies were not excluded based on country of publication; how-
ever, only English-language studies were included due to resource
constraints.

Articles retrieved by the search were uploaded into Covidence
systematic review software (Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org). Duplicates were manually
removed by the informationist, and then remaining duplicates were
automatically removed by the Covidence software and manually con-
firmed by a reviewer. Covidence settings were modified to require
one reviewer for title and abstract screening, two for full text review,
and one for data extraction. One of four reviewers screened articles
for eligibility, and articles were considered for full-text review if there
was no clear reason for exclusion based on the title or abstract alone.
Two independent reviewers then completed a full-text review of the
remaining articles. Both reviewers read each full-text article and deter-
mined whether the article met the eligibility criteria. Disagreements
between the two reviewers were resolved by a third independent
reviewer. A third reviewer was included if the two full-text review-
ers disagreed on whether the article was eligible or what the specific
reason for exclusion was. One of the four reviewers then extracted
data using a Covidence extraction template, which was modified to
include general information, study characteristics, and sensory-specific
characteristics. For articles missing information on the exclusion or
provision of accessibility features for hearing and/or vision impairment,
a member of the study team attempted to contact the lead authors
via email. Authors were given approximately 6-weeks to respond to
email inquiries. Informed consent was not necessary because this was

a scoping review of published studies.

2.2 | Search strategy

The selection criteria and search strategy were based on a prior scop-
ing review of the inclusion of ethnic minority participants in cognitive
training interventions.” The two main search concepts were (a) cog-
nitive training and (b) cognitive aging, and filters were applied to limit
results to clinical trials and older adults.” The databases searched were
PubMed and PsycINFO. The complete search strategy is available in
the supplemental material (Table S1).

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic Review: A scoping review of the literature
was conducted to quantify the inclusion of older adults
with hearing and vision impairments in cognitive train-
ing interventions. Search concepts included cognitive
training and cognitive aging. The search strategy was sys-
tematically applied to PubMed and PsycINFO databases
with the assistance of an informationist.

2. Interpretation: Older adults with hearing and vision
impairments are excluded from the majority of cogni-
tive training interventions. Accessibility in intervention
design and measurement of hearing and vision are rarely
included or reported

3. Future Directions: It is critical to evaluate the effective-
ness of cognitive training interventions among subgroups
at the highest risk of cognitive decline, including older
adults with hearing and vision impairments. Future tri-
als should enroll more diverse study populations and
adopt universal design features to minimize barriers and
make participation more accessible for older adults with

hearing and vision impairments.

3 | RESULTS

The overall screening process and the number of articles excluded at
each stage is depicted in the PRISMA diagram (Figure 1). Of the 2191
articles retrieved by this search, 1439 were from PubMed, and 752
were from PsycINFO. A total of 340 duplicate articles were removed
by the informationist and 19 by Covidence. During the review of arti-
cle titles and abstracts, 1336 articles were excluded for failing to meet
eligibility requirements. Two independent reviewers then conducted
a full-text review of the remaining 496 articles. During the full-text
review, 366 articles were excluded based on the following criteria: (a)
not a randomized controlled trial (n = 68), (b) not cognitive training
intervention (n = 27), (c) cognitive training, not the main intervention
(n=21), (d) study participants not cognitively normal (n = 59), (e) study
participants younger than 55-years (n = 107), (f) study participants not
community-dwelling (n = 10), (g) not a primary outcome paper (n=57),
(h) study not published in English (n = 8), and (i) other reason (n = 9;
the article was retracted or full text was unavailable). After complet-
ing the screening and the full-text review, data from 130 articles were
extracted and included in this scoping review.

3.1 | Description of eligible studies

Among the 130 articles reviewed, a total of 21,235 study participants
were enrolled with an average of 166 participants per randomized


http://www.covidence.org

40f9 Translational Research

MARINO ET AL.

Clinical Interventions

| 1,851 studies imported for screening ‘
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| 1,832 studies screened |
1

19 duplicates removed |
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| 496 full-text studies screened for eligibility |

1,336 studies irrelevant |

y

130 studies included

366 studies excluded

Not randomized controlled trial (n=68)

Not cognitive training intervention (n=27)
Cognitive training not main intervention (n=21)
Study participants not cognitively normal (n=59)
Study participants younger than 55-years (n=107)
Study participants not community dwelling (n=10)
Not primary outcome paper (n=57)

Not published in English (n=8)

Other (n=9)
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FIGURE 1 PRISMA diagram of screening process and number of articles excluded at each stage.
TABLE 1 Description of eligible studies overall and by type of intervention.
Cognitive training intervention Multimodal
Overall (n=130) (n=103) intervention (n = 27)
Sample size, mean (SD) 165.9 (645.9) 173.6(715.2) 135.8(226.8)
Age, mean (SD) 70.6 (4.3) 70.7 (4.5) 70.3(3.4)
Individual vs. group format, n (%)
Individual 86 (68%) 68 (67%) 18 (69%)
Group 36 (28%) 29 (29%) 7 (27%)
Both 5 (4%) 4 (4%) 1(4%)
In person vs. at home, n (%)
In person 69 (70%) 53(69%) 16 (73%)
At home 24 (24%) 21(28%) 3(14%)
Both 6(6%) 3 (4%) 3(14%)
Computer vs. pencil-and-paper, n (%)
Computer 30 (73%) 29 (81%) 1(20%)
Pencil-and-paper 6(15%) 4(11%) 2 (40%)
Both 5(12%) 3(8%) 2 (40%)
Duration (weeks), mean (SD) 10.0(11.4) 7.6(5.1) 20.1(21.4)

controlled trial (range: 10-6742). The average age of study participants
was 70.6 years (range: 58.8-82.5 years). Most studies were cognitive
training (n = 103, 79%) versus multimodal (n = 27, 21%) interventions
(Table 1, Tables S2 and S3). The cognitive domains trained included
attention, executive function, language, memory, and speed of process-
ing, and more than half the interventions trained more than one domain
(n=75,58%). Of the multimodal interventions, the most common addi-
tional interventions included physical activity (n = 18, 62%), motor
function (n = 2, 7%), and nutrition (n = 2, 7%). Overall, the format of
study interventions was 68% individual versus 28% in small groups of
size 4-30, 70% in-person versus 24% at home, and 73% computerized
versus 15% using pencil-and-paper. Some studies were flexible with 4%

being both individual and group-based, 6% in person and at home, and
12% computerized and pencil-and-paper. The mean study intervention
duration was 10.0 weeks (SD: 11.4 weeks) (Table 1, Tables S2 and S3).

3.2 | Participation of older adults with hearing and
vision impairment

In this scoping review, more than half the studies excluded participants
with hearing and vision impairment to some degree (n = 60, 58%).
Specifically, 4% of cognitive training intervention studies excluded
for only hearing impairment (n = 4), 9% for only vision impairment
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FIGURE 2 Percentage of interventions excluding participants with hearing and vision impairment by type of intervention.

(n =9), and 46% for both hearing and vision impairment (n = 47). In
multimodal interventions, no studies excluded for only hearing impair-
ment, 7% for only vision impairment (n = 2), and 52% for both hearing
and vision impairment (n = 14) (Figure 2).

Types of exclusions varied across studies. Studies defined exclusions
based on “unaided hearing and vision impairment” (hearing: n = 13,
10%,; vision: n = 19, 15%), “hearing and vision impairment that was
perceived to interfere with cognitive training” (hearing: n = 16, 12%;
vision: n = 11, 9%), “any hearing and vision impairment” (hearing: n =
26, 20%; vision: n = 26, 20%), “severe or significant hearing and vision
impairment” (hearing: n =9, 7%; vision: n = 12, 9%), or “colorblindness”
(vision: n = 5, 4%). Overall, the method of assessing hearing and vision
status (i.e., objectively measured, self-reported, interviewer assessed)
was not reported in 84% and 89% of cognitive training and multimodal
intervention studies, respectively (n = 87 and n = 24) (Figure 3). The
few studies that did report how hearing and vision status were mea-
sured used varying methods of assessment. Hearing assessments were
based on pure-tone average (n = 6, 5%), interviewer rating (n = 5,
4%), self-report (n = 1, 1%), or portable audiometer (n = 1, 1%). Vision
assessments were based on visual acuity (n = 13, 10%), self-report (n =
2,2%), or interviewer rating (n = 2, 2%).

Only 7 (7%) of cognitive training intervention studies integrated
low-hearing and low-vision accessibility into the intervention design.
This was not reported by any of the multimodal interventions included
in this review (Figure 4). Of the studies that did include accessibil-
ity features, the only types were amplification devices for hearing
impairment and magnification for vision impairment. The correspond-
ing author was contacted for every study that did not report the

provision of accessibility features for hearing and vision impair-

ment and had available contact information. Of the 125 (96%)
authors contacted, 23 (18%) provided additional information about
hearing and vision impairment exclusion criteria and hearing and
vision measurement, and none provided additional information about

accessibility.

4 | DISCUSSION

Cognitive training in older adults is potentially beneficial for cognitive
performance and everyday functioning.»3# In this scoping review, we
found that older adults with hearing and vision impairment, particu-
larly hearing or vision impairment that studies defined as “unaided”
or “perceived to interfere with cognitive training,” were systemati-
cally excluded in nearly 60% of cognitive training intervention trials
and multimodal interventions that included a cognitive training com-
ponent. Almost 90% of interventions did not report how hearing and
vision were measured. Furthermore, less than one-tenth of the stud-
ies reviewed incorporated low-hearing and low-vision accessibility
features into intervention design.

Given the high prevalence of hearing and vision impairment in older

adults,18-20

cognitive training interventions that specify hearing and
vision impairment exclusion criteria exclude a large proportion of older
adults who may benefit greatly from cognitive training. These crite-
ria can also indirectly exclude other important groups of older adults,
particularly when hearing and vision is measured subjectively. For
example, when excluding participants based on self-reported hearing
and vision impairment, adults of younger age and higher education

are more likely to overestimate their hearing and vision impairment.
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Percentage of Studies
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Multimodal Intervention

Hearing Measurement Reported
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_ Vision Measurement Reported
_ Neither Measurement Reported

FIGURE 3 Percentage of interventions reporting method of hearing and vision measurement by type of intervention.
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FIGURE 4 Percentage of interventions reporting inclusion of accessible design features by type of intervention.

This may potentially lead to greater exclusion of these groups.21-23
Additionally, interviewer assessments of eligibility and whether hear-
ing and vision impairment would interfere with cognitive training may
conflate hearing and vision impairment with cognitive impairment. This

could result in the potentially greater exclusion of participants with
cognitive impairment and is particularly relevant for cognitive training
studies that target older adults with cognitive impairment or dementia
(outside the scope of this review).
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Furthermore, many of the studies included in this review specifically
excluded older adults with “unaided hearing and vision impairment.”
In addition to those with hearing and vision impairment, this crite-
rion also excludes older adults who have a form of hearing and vision
impairment that cannot be treated or aided through the use of hear-
ing and vision aids, as well as older adults who lack affordable access
to hearing and vision care/aids. Particularly in the United States (US),
a large proportion of older adults may not have access to hearing and
vision aids because hearing and vision care is not covered under Medi-
care health insurance.2* For example, among older adults with hearing
impairment in the United States, less than 20% use hearing aids.2®> A
large and unique group of older adults are excluded and underrepre-
sented when cognitive training intervention studies invoke hearing and
vision impairment exclusion criteria.

Exclusion of participants with hearing and vision impairment is
also implicit when recruitment, study documentation, and intervention
design are inaccessible to those with hearing and vision impairment.2¢
Inaccessible research design makes participation challenging, thereby
discouraging involvement. Of the studies included in this review,
only 7 (5%) interventions stated including accessible design for par-
ticipants with hearing and vision impairment. Even in studies that
exclude participants with severe hearing and vision impairment, it is
possible that many participants have mild to moderate hearing and
vision impairment and could derive benefits from accessible design.
Some participants excluded for “hearing and vision impairment that is
perceived to interfere with training” may have been eligible to partic-
ipate if low hearing and low vision accessibility were included in the
intervention design.

The underrepresentation of older adults with hearing and vision
impairment in cognitive training intervention studies raises concerns
about generalizability to the overall population of older adults and
especially to those with hearing and vision impairment. Effects of
cognitive training demonstrated in older adults without hearing and
vision impairment may or may not apply to those with hearing and
vision impairment. Older adults with hearing and vision impairment
are more likely to experience negative health outcomes (i.e., cogni-

tive decline,27-29 13,30,31)

reduced physical activity that many cognitive
training interventions aim to improve. The skills and strategies gained
from cognitive training may benefit older adults with hearing and vision
impairment more than those without. If so, the effect of cognitive train-
ing in older adults may be underestimated in current interventions
that exclude those with hearing and vision impairment. The inclusion
of participants with hearing and vision impairment in cognitive training
interventions is imperative to fully understand the effect of cognitive
training in older adults.

Furthermore, including participants with hearing and vision impair-
ment and collecting hearing and vision-related data allows studies to
investigate differences in how older adults with hearing and vision
impairment benefit from cognitive training. This information can help
guide intervention design to better serve a broader population of
older adults. Interventions can be tailored to maximize benefit among
specific high-risk groups, such as older adults with hearing or vision

impairment, to increase overall intervention effectiveness and poten-

Clinical Interventions

tially reduce health disparities.263233 Given the high prevalence of
hearing and vision impairment and its associations with higher risk of
poor cognitive and health outcomes,318-20.27.28 efforts to maximize
cognitive training effectiveness in this group can have a meaning-
ful impact for a large proportion of older adults. Studies have tested
differences in intervention effect by certain demographic and health
characteristics, but they have not yet investigated differences by

hearing and vision status.34-37

By including participants with hearing
and vision impairment in research and collecting hearing and vision
data, studies can better evaluate group-specific differences in train-
ing effect and begin to tailor interventions to potentially maximize

benefit.

4.1 | Recommendations for better inclusion of
older adults with hearing and vision impairment in
cognitive training interventions

Support for greater inclusion of participants with hearing and vision
impairment in research is necessary in both study design and research
policy. First, we recommend strengthening the measurement and
reporting of participant hearing and vision function in intervention
studies. It is critical to understand how hearing and vision function
are measured, the magnitude of hearing and vision impairment within
the study sample, as well as information about intervention accessibil-
ity. This information is needed to guide interpretation of intervention
results (i.e., does hearing and vision impairment impact training effi-
cacy?). Hearing and vision function should be included as a standard
measure in the description of sample characteristics, similar to how
participant demographic and health characteristics are described. This
information is critical, and the reporting of hearing and vision function
could be improved if journals or funding sources require its reporting.

Second, integrating accessibility into intervention design (i.e., uni-
versal design) to minimize barriers to study participation makes partici-
pation more accessible and less burdensome for older adults with hear-
ing and vision impairment.38 For example, using assistive technologies,
multisensory methods (i.e., pictures, videos, audio recordings, large
text, amplification devices), or meeting with participants in familiar
environments to explain study materials can improve accessibility.32-38
This may also facilitate recruitment and retention of participants with
hearing and vision impairment in research.2632:38 |nvestigators may
also consult accessibility officers or community members with hear-
ing and vision impairment during study design to improve intervention
accessibility.3238 Greater consensus on best practices for integrating
accessibility into design of interventions specifically for older adults
with hearing and vision impairment is needed. Studies have detailed
methods to improve study accessibility more generally,3233:38:39 put
continued work is needed to tailor these recommendations to cognitive
training and other interventions that include older adults with hearing
and vision impairment.

Third, expansions in research policy will also facilitate the inclu-
sion of people with disabilities, including older adults with hearing

and vision impairment, in research. This includes creating sustainable
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funding sources and collecting and reporting hearing and vision-
related data.3®

Finally, with the support gained from the recommendations out-
lined above, we advocate for intentional inclusion of participants with
hearing and vision impairment in cognitive training interventions. Any
exclusions based on hearing and vision function should be scientif-
ically justified and clearly reported. Unnecessary exclusion of older
adults with hearing and vision impairment leads to underrepresenta-
tion of these groups in research and further marginalization of this
community. As a whole, in cognitive training interventions, there is a
critical need to improve measurement and reporting of hearing and
visionimpairment, to build accessibility into intervention design, and to
increase inclusion of participants with hearing and vision impairment
for study representativeness and generalizability. Although this study
specifically focused on inclusion of older adults with hearing or vision
impairment, these recommendations extend to many other groups
underrepresented in research, such as racial and ethnic minorities,

people who are pregnant, or individuals with multimorbidity.3340.41

4.2 | Limitations and strengths
Although the search strategy was modeled from previous work, only
PubMed and PsycINFO databases were formally searched.” These
databases were determined to be most relevant for the research ques-
tion. In addition, due to resource constraints, only English language
studies were included. This review contained 80 (62%) studies outside
the United States, and these findings are expected to apply to similar
randomized cognitive training interventions from other countries. Fur-
thermore, the study population consisted of cognitively unimpaired,
community-dwelling older adults. Results of this study may not apply to
interventions targeting younger adults, non-community dwelling indi-
viduals, or older adults with cognitive impairment, as evaluation of
these study populations was beyond the scope of this project. Future
reviews should be conducted to examine the exclusion of participants
with hearing and vision impairment and accessibility in intervention
design in these populations. Finally, there is a potential for publica-
tion bias, as only trials with results published in peer-reviewed journals
were included in this review.

Despite these potential limitations, this study has several strengths.
To our knowledge, this is the first, formal review to evaluate exclusion
of participants based on hearing or vision impairment, intervention
accessibility, and reporting of hearing and vision measurement in
randomized cognitive training interventions with older adults. The
exclusion of individuals with hearing and vision impairment is a major
concern, and the results of this study quantify the extent to which
these exclusions occur. The composition of the study team is an addi-
tional strength of this study. The team included an informationist who
translated our model search strategy to PubMed and PsycINFO and
applied filters to limit results to clinical trials and older adults. The team
also consisted of multiple reviewers, which allowed each article to be

reviewed by at least two reviewers during the full text review stage.

Finally, this study did not exclude trials conducted outside the United
States, which improves the applicability of these findings.

In cognitive training interventions, the exclusion of older adults with
hearing and vision impairment was common and inclusion of accessi-
bility and universal design in intervention design was rare. Older adults
with hearing and vision impairment may derive large benefits from cog-
nitive training. Inclusion of more diverse study populations that include
older adults with hearing and vision impairment and integration of
accessibility into intervention design is needed to maximize the ben-
efits of cognitive training for all older adults and particularly for those

with hearing and vision impairment.
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