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Abstract

Mild Cognitive Impairment (MCI) represents a critical point for controlling cognitive decline.
Patterns of communication difficulty have been observed in patients with MCI and warrant
examination and management. The present systematic review examined (1) characteristics of
communication difficulty in MCI by focusing on two domains: expressive and receptive
communication, and (2) cognitive interventions that addressed communication difficulties in
individuals with MCI. Of the 28 observational studies we reviewed, expressive and receptive
communications were generally impaired in individuals with MCI, compared to their healthy
counterparts. However, only one of seven interventions effectively improved communication
related outcomes. We finished the paper with a discussion about how neuroplasticity influences
communication abilities in individuals with MCI to inform the future development of
interventions for communication difficulty.
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Introduction

Mild cognitive impairment (MCI), a heterogeneous disorder of older adults characterized by
mild cognitive decline, is often a prodromal phase of Alzheimer’s disease (AD) and other
dementias.! Clinically, individuals with MCI may complain of subjective cognitive
concerns, and will demonstrate objective evidence of cognitive impairment (1-1.5 SD below
the mean for age- and education-matched peers) that cannot be accounted for by normal
aging processes. They do not yet exhibit impairment in their ability to perform basic
activities of daily living (BADLSs), while instrumental ADLs may or may not be

impaired.L: 2 There are four clinical subtypes of MCI. In amnestic MCI (aMCl), the
individual experiences memory impairment; in nonamnestic MCI (naMCI), memory is
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unimpaired, but deficits are seen in other cognitive domains such as executive functions,
visual-spatial skills and/or language.3 Each of these subtypes is then further divided into
single or multiple domain categories, depending on whether one or more cognitive skills are
affected.!

MCI represents a critical point for controlling cognitive decline, and an important target for
secondary prevention techniques aimed at slowing further progression to dementia.* ® Of
note, most available interventions in MCI have targeted memory.% & However, patterns of
communication difficulty have also been observed in patients with MCI and warrant
examination and, potentially, management. Communication difficulty refers to deficits in
receiving, sending, processing, or comprehending verbal, nonverbal or graphic messages-,
and is an important domain for everyday functioning.” In one study of heart failure patients,
communication impairments were found to significantly predict adherence to treatment
guidelines.® Additionally, in a study of over 12,000 Medicare beneficiaries, those with
communication impairments were found to be significantly more dissatisfied with the health
care they received than those without such impairments.® From these studies, one can infer
that communication difficulty may serve a similar role in predicting health care quality and
satisfaction in MCI, although research specific to MCI in this regard is limited.

Relatively brief clinical visits to medical providers require patients to efficiently organize,
articulate and understand complex medical discussions and choices in order to make
treatment decisions that adequately reflect their care goals and values. While still usually
deemed capable of making such decisions, patients with MCI have been shown to score
significantly lower on measures of “understanding, appreciation, and reasoning” as
compared to cognitively normal peers.10 For example, a study examined older adults’
response to information about fictitious medications, and found that those with MCI were
more responsive to the way the information was framed than were their healthy
counterparts. Specifically, when positive information was conveyed using positive wording,
or negative information with negative wording, those with MCI judged the sham
medications similarly to healthy counterparts. However, when positive information was
framed using negative wording, or negative information with positive wording, adults with
MCI were more influenced by the way the information was framed than were the healthy
elders, responding more to the tone of the message than the information itself.11 This
suggests that how information is expressed when delivering it to cognitively impaired adults
is critically important and may influence their health care decisions. Therefore, for health
care providers, understanding the communication profiles of people with MCI can help
ensure that they receive comprehensible diagnostic information, fully understand their
medical care options, and make well-considered treatment decisions, according to their
personal goals of care.

To our knowledge, there has been only a single topic that included communication deficits
in older adults with mild cognitive impairment.12 The present systematic review focused
exclusively on studies of participants with MCI, identified using standard diagnostic
criteria,X excluding studies of subjects with dementia (unless included as a comparison
group to MCI participants). Communication relies on multiple dimensions of cognitive
abilities, including executive function (verbal fluency), memory (semantic memory), as well
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as language. Communication difficulties described in this review were classified into
expressive and receptive domains.” Expressive communication refers to the output of
communicative messages, or the use or production of language, and includes verbal fluency
(semantic fluency and phonemic fluency), semantic memory (especially word retrieval and
access to semantic knowledge), and expressive discourse. Studies examining motor speech
production (strength, speed, control and agility of the speech mechanisms including the lips,
tongue, larynx, etc.) were also included with the expressive communication studies, due to
their focus on communication output. Receptive communication refers to understanding of
messages, and encompasses sentence comprehension, receptive discourse, and reading
comprehension. We also reviewed cognitive interventions that targeted outcomes related to
communication deficits. Of note, almost all such interventions are cognition driven. We are
aware of one study targeting communication deficits using physical exercise as the
intervention,3 which was not included in this review, but was described in the discussion.
We finished this paper with a discussion about how neuroplasticity influences
communication abilities in patients with MCI and by making recommendations for future
research directions in this area.

Literature Review

Results

For this systematic review, the literature search was filtered by age (65 years or older) and
by English language. Studies examining samples that were not specifically identified as
having any subtypes of MCI based on Peterson’s criteria (2009) described above were
excluded. Reference lists of relevant studies provided additional sources for this review.
Studies with publication dates prior to 1999 were excluded as the MCI criteria were not yet
fully validated.1* Two searches were conducted in PubMed. The first search was conducted
for observational studies, using terms “mild cognitive impairment” in combination with
“communication disorders” (109 citations), “aphasia” (37 citations) or “discourse” (2
citations). The second search was conducted for cognitive intervention studies that targeted
communication outcomes, using the terms “mild cognitive impairment”, “Alzheimer’s
disease”, “cognitive therapy”, “cognitive intervention”, “cognitive training”, and
“communication”. Various combinations of these terms yielded 160 articles. Two
researchers (M. J. and F. L.) independently examined the relevant papers. Information about
the study design and findings related to communication difficulties are presented in Table 1

(observational studies) and Table 2 (intervention studies).

Observational studies

A total of 29 observational (25 cross-sectional and 4 longitudinal) studies described the
communication difficulties in MCI (see Table 1).

Expressive communication impairments

Verbal fluency—Verbal fluency tasks can be subdivided into three types: semantic
fluency (generating items in a category), phonemic fluency (generating items beginning with
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a specific letter), and verb fluency (generating as many verbs as possible).15 Verbal fluency
tasks are generally measured as the number of items elicited within a time limit (e.g., one
minute). Sixteen cross-sectional studies consistently found that individuals with MCI had
significantly worse performance in verbal fluency compared to their healthy
counterparts.11: 16-28 Specifically, the patterns of verbal fluency deficits in individuals with
MCI included production of fewer subcategories, and fewer items within those categories,
compared to healthy counterparts.24 Six studies demonstrated better verbal fluency
performance by those with MCI than those with AD. 23. 25, 27-30

Several factors influenced the verbal fluency performance in MCI, including the specific
category or letter being assessed, the subtype of MCI, and level of education. In one study,
subjects with MCI were able to name more animals than words beginning with the letter
“F”, but fewer vegetables than words beginning with the letter “S”.17 By combining results
across three phonemic and two semantic fluency tasks, Brandt and Manning (2009) found
that participants with single-domain aMCI performed similarly to healthy counterparts, with
no discrepancy between semantic and phonemic tasks, while participants with multiple-
domain MCI performed similar to those with AD, with more difficulty with the semantic
fluency than phonemic fluency tasks. In addition, level of education affected scores on
semantic fluency tasks more than on lexical fluency in Japanese subjects with MCI.30

Only one longitudinal study examined verbal fluency.3L. The researchers assessed verbal
fluency annually in individuals with MCI and found they were impaired relative to healthy
counterparts on semantic fluency tasks from baseline throughout the ten year study period.
In contrast, phonemic fluency was intact at baseline, but became impaired at year six.3!

Semantic memory—Semantic memory refers to general knowledge, including factual
information, the meanings of words and general information,32 and is often measured by
tests of word retrieval or naming of objects, but also includes tests of naming of proper
nouns, , synonyms, word associations, similarities, and definition-word matching, among
others. A total of 17 cross-sectional studies examined semantic memory in individuals with
MCI, 12 of which found impairments relative to healthy

counterparts. 11 16,18, 19,27, 28, 33-39 However, three studies found no difference between
participants with MCI and healthy counterparts on semantic memory tasks.2% 26 31,40, 41
Seven studies showed significantly better performance for participants with MCI than for
those with AD, 11, 16,18, 25,27, 28, 34 \whjle two demonstrated no difference between MCI and
AD groups on semantic memory.19: 37

The specific task demands of the measures influenced the performance on semantic memory
tests in individuals with MCI. Participants with aMCI scored comparably to healthy
counterparts on the Boston Naming Test, although when spontaneous naming was examined
(i.e., no semantic or phonemic cues provided), the participants with aMCI scored lower than
the healthy counterparts, but superior to those with mild AD.16 Additionally, on a three part
assessment of semantic memory including naming famous buildings, celebrity faces, and
objects, participants with MCI named significantly fewer items on each test than the healthy
counterparts. Further, 13% of the healthy counterparts were impaired on all tests, whereas
87% of subjects with MCI were impaired on at least one of the tests. Both groups of
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participants named fewer proper nouns (faces and buildings) than objects. The combination
of the three tasks correctly predicted group membership 78.1% of the time for those with
MCI and 100% of the time for the healthy counterparts.#2 Finally, intentional access to
semantic memory (word retrieval) was found to be impaired in adults with MCI relative to
the healthy counterparts, but automatic access (e.g., deciding whether items were words or
non-words) remained intact; both intentional and automatic access were impaired in
participants with AD, compared to those with MCI.34

Three longitudinal studies examined semantic memory over time in individuals with
MCI.3%: 38,39 |n two of them, semantic memory was significant predictor of progression
from MCI to AD.38. 39 The third study did not find any significant difference between the
participants with MCI and the healthy counterparts in semantic memory, on measures of
word retrieval or semantic associations.31

Expressive discourse—A total of seven cross-sectional studies examined expressive
discourse. Discourse, also called connected language, can be thought of as a, “window into
the flow or misflow of information that may occur ... as the speaker translates his or her
thoughts into language”.* Measurements of expressive discourse in this review included
picture description,!8 verbal descriptions of an imaginary trip,3¢: 40 and story recall and
inferencing.28: 43-45 Of note, although story recall is often conceptualized as a measure of
episodic memory ability, it was considered as a measure of discourse in this review, as story
recall and inferencing appear to mirror the cognitive demands of daily discourse, including
conversation, and are influenced by a person’s language abilities.28 In addition, expressive
discourse measures also encompass receptive discourse demands. That is, in order for a
story to be accurately recalled and retold, it must have first been comprehended, synthesized
and integrated by the participant. (See receptive discourse, below).

Expressive discourse ability was found to be impaired in individuals with MCI when
compared to healthy counterparts in six studies, 28 364043, 45,46 \yhile one study found no
difference between the two groups.18 Four studies found that subjects with MCI performed
better on story recall tasks than did those with AD.18. 28,43, 45

In the only longitudinal study examining expressive discourse, Fleming and Harris found
that there was no significant decline in expressive discourse skills between baseline and six
months in eight participants with MCI.3°

Motor Speech—Motor speech production skills were examined in two cross-sectional
studies, measured by diadochokinetic (DDK) rate, a test of articulatory agility measured by
rapid, successive repetitions of the syllables “pa ta ka”,%” and by speed of sentence
repetitions and vocal loudness.2? Both studies found that motor speech remained largely
unaffected in adults with MCI when compared to their healthy counterparts, and individuals
with MCI performed significantly better than those with AD.29: 47

Receptive communication impair ments have been less thoroughly studied than the
expressive areas described above. Nevertheless, patterns of deficit have been found in
subjects with MCI.
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Sentence comprehension—Sentence comprehension refers to the understanding of
single statements, and was assessed in only one longitudinal study, using the Token Test,
Subtest V, a measure of comprehension of commands of increasing complexity. Their
results showed that, of the 23% of the original sample who developed dementia after two
years, 40% showed initial impairments on the Token Test.3°

Receptive discourse—Receptive discourse refers to one’s ability to comprehend
connected narrative productions. As described above, this domain is difficult to fully
separate from expressive discourse, as most tasks measuring discourse include both
receptive and expressive components. In this review, two cross-sectional studies measured
receptive discourse by eliciting recall and recognition of both gist and detail information
from a narrative text.28: 43 Adults with MCI showed poorer ability to recall and recognize
details from a narrative story than did their healthy counterparts, but performed better than
the subjects with AD on these tasks.

Reading comprehension—Three cross-sectional studies examined reading
comprehension, which refers to the understanding of written narratives.11: 4445 In one
study, the subjects completed a reading comprehension test, and there were no significant
differences between those with MCI, those with AD, and the healthy counterparts.1! In the
other two studies, subjects were required to read a text and then to verbally state the details
and gist of the passage. In order to successfully accomplish this task, subjects needed to be
able to understand what they had read.*4 4° In both studies, subjects with MCI performed
poorer on this task than the healthy counterparts did. In the study by Hudon and colleagues,
participants with AD were also included, and performed significantly worse than those with
MCI. 45

Cognitive interventions with communication outcomes

Limited intervention studies have been conducted on communication outcomes in
individuals with MCI. Seven cognitive intervention studies were identified (see Table
2).48-54 Three studies utilized weekly small group sessions ranging from 90-120 minutes;
the remaining four employed individual computerized cognitive training (CCT) sessions for
13-100 minutes per day, 4-5 days per week. Intervention durations ranged from three weeks
to one year. Cognitive interventions were generally categorized into: memory, attention,
processing speed, executive function-focused or multi-modal interventions.5® Two studies
were memory interventions. One study of 25 subjects with MCI and 17 healthy counterparts
focused on memory strategy training,®® and did not demonstrate improvement on story
recall, a measure of receptive and expressive discourse, in either group. The other study
targeted memory through education regarding memory, relaxation training, memory skills
training and psychoeduction on structuring memory-related beliefs, but the intervention
group (9 subjects with MCI) did not improve their receptive and expressive discourse (story
recall) compared to the control group (10 subjects with MCI).52

Auditory processing speed and accuracy was targeted utilizing CCT in one study; no
significant differences were found between treatment (22 subjects with MCI) and control
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(25 subjects without MCI) groups on measures of semantic memory and verbal fluency at
post-intervention.48

The remaining four intervention studies applied multi-modal approaches, simultaneously
targeting multiple cognitive domains.>% 52-54 Wenisch et al. targeted memory, executive
function, and visuospatial skills by teaching cognitive strategies, and demonstrated no
significant change in the measure of verbal fluency in either the 12 subjects with MCI or the
12 healthy counterparts following the intervention.>* Cipriani et al. utilized CCT for
attention, memory, perception, visuospatial cognition, and language skills training, but did
not elicit improvement on verbal fluency tasks in 10 subjects with MCI, although the 10
with AD did improve on the phonemic fluency task.2? Talassi and colleagues combined
CCT with occupational therapy and behavioral training (targeting “mood symptoms”, p.
392), and found no statistically significant difference in the intervention groups (30 with
MCI, 24 with mild dementia) on verbal fluency or discourse (story recall), as compared to
the active control groups (7 with MCI, 5 with mild dementia).>3 Rozzini and colleagues
examined the effects on subjects with MCI of CCT (addressing attention, memory, abstract
reasoning, visuospatial skills and language) alone (n=22), as well as in combination with
cholinesterase inhibitors (n=15), to a no treatment control group (n=22), and demonstrated
significant improvement for the group receiving the combined intervention on story recall
(receptive and expressive discourse), but not on verbal fluency measures. The CCT-only
group and the control group did not show any significant improvements on either language
measure.52

Discussion

The purpose of this systematic review was to examine observational and intervention studies
addressing the communication characteristics of older adults with MCI by dividing the
communication into expressive and receptive domains. Before further discussing any results,
some limitations should be acknowledged. First, this systematic review was limited to a
PubMed search only. Other databases that may contain studies related to communication
difficulties (e.g., Psychinfo) were not reviewed. Second, communication is an everyday skill
highly relying on multiple cognitive abilities, especially language, executive function, and
semantic memory, and many of these cognitive abilities are highly interrelated, thus, some
of the distinctions made here on the categories of communication may be somewhat
artificial and incomplete.28: 43 Third, communication difficulties in the clinical application
may include psychosocial aspects. Communication is the “process of creating shared
meaning” between a sender and a receiver, and includes all of their thoughts, perspectives,
ideas, history and biases.>” Examination of these psychosocial and interpersonal aspects of
communication in older adults with MCI was beyond the scope of this review, but would be
useful to incorporate into future studies, especially when designing interventions to address
communication challenges in MCI.

Observational Studies

The first purpose of the study was to characterize the communication deficits of MCl in
observational studies. First, motor speech production, representing a fundamental aspect of
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communication (i.e., the ability to produce the motor movements necessary to formulate
intelligible speech) was largely unaffected in elders with MCI. Regarding higher-order
cognitive domains that are related to communication, in general, individuals with MCI
perform worse than their healthy counterparts, but better than those with AD in expressive
communication within the domains of verbal fluency, semantic memory, and expressive
discourse. However, there are several exceptions that warrant further exploration. First,
individuals with MCI may perform differently even within the same communication
domain, depending on the format of the measures. For example, although semantic and
phonemic fluency tasks both test verbal fluency, individuals with MCI performed better on
the former.17 Similarly, although nine of the studies in this review utilized the Boston
Naming Test to examine semantic memory, differences in performance were found when
alternate tasks were used. In one study, adults with MCI were able to name common objects
more easily than famous buildings and famous faces, suggesting that naming of proper
nouns may have somewhat different neural underpinnings than naming of objects.33 Second,
individuals with multiple-domain MCI may have more impairment than those with single-
domain MCI in expressive communication, at least in the domain of verbal fluency.1” This
finding adds support to the notion that communication is an everyday function relying on
multiple cognitive abilities. Thus, individuals with multiple cognitive deficits, as seen in
multiple-domain MCI, may experience greater communicative impairments. Third, although
education is assumed to be one of the most consistent factor influencing cognitive abilities,
its influence on the different communication domains and measures varies. For example,
level of education was found to influence performance on semantic fluency, but not on
phonemic fluency tasks.30

Of note, discourse may be a particularly rich area for differentiating the different levels of
communication functioning between individuals with MCI and those with dementia or those
without cognitive impairment. Discourse can be measured in a variety of ways and entails a
complex interweaving of receptive and expressive language skills, as well as executive
function, required for such tasks as planning narrative productions and generating
inferences, among others.*3 Discourse is integral to human interaction, such as between
medical providers and patients, thus, discourse may be a vital mechanism in understanding
how communication difficulties impact the quality of medical care by examining MCI
patients’ interactions with health care providers.

Receptive communication characteristics of older adults with MCI have been less
thoroughly described, although a few studies demonstrated impairments in individuals with
MCI compared to their healthy counterparts in the areas of sentence comprehension,
receptive discourse and reading comprehension. More studies, especially prospectively
examining the degenerative process from normal aging, to MCI, to AD, are needed to lead
to strong conclusions as to the distinguishing features of receptive communication in MCI.

Of note, the studies describe within this review do not represent all communication domains.
For instance, no studies examined written communication in elders with MCI. Written
description tasks of complex pictures were found to differentiate cognitively normal adults
from those with probable AD.%8
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Cognitive Intervention Studies

The second purpose of this review was to examine cognitive intervention studies with
communication outcomes. As mentioned above, communication skills are interdependent on
various domains of cognitive function, and all of the intervention studies reviewed here
addressed communication by targeting different cognitive domains. Despite all that is
known about communication impairments in MCI, and the current high degree of interest in
cognitive training as a potential means for slowing cognitive decline in aging and MCI,5: %5
only seven cognitive intervention studies were identified that included communication
outcomes in the areas of verbal fluency, semantic memory, and expressive and receptive
discourse. Of these studies, utilizing a variety of approaches, only one, incorporating a
combination of cognitive training and pharmacological treatment, resulted in improvement
in receptive and expressive discourse (story recall) in MCI participants.>2

In addition to the small sample sizes (n=12 to 59 MCI participants), a major reason that may
explain the lack of treatment effect in most of the reviewed intervention studies is that most
of the interventions did not target domains of communication directly, or the transferring
effect from the primarily targeted cognitive domain to communication related domains are
not strong enough. The latter point is discussed below in the “neuroplasticity” section.
Rozzini et al. was the only study that achieved a significant intervention effect in the MCI
participants, and the only study directly targeting communication by including a language
component within their computerized cognitive training intervention.>2 There have been
studies conducted with other types of participants that are illustrative for future interventions
in MCI. In one, expressive discourse measures were found to decline more slowly in
patients with mild-moderate AD who received both pharmacological and eight weekly
multi-modal communication treatment sessions comprised of education, communication
strategies, and assistance in developing a “Life Stories Book”.%® Additionally, in a study in
which subjects received “lexical-semantic training” exercises in group setting twice per
week for three months, improvements were seen in all communication measures (phonemic
and semantic fluency, semantic memory, story recall) in participants with early stage
probable AD, as compared to healthy counterparts.? These studies point to the potential for
improvement in communication skills when they are specifically targeted in the intervention
design.

Although only cognitive intervention studies were included in this review, there may be
other types of behavioral interventions that may be beneficial for managing communication
difficulties in MCI. One randomized controlled trial was located that utilized physical
exercise (walking and hand and face exercises) and resulted in improvements in a measure
of semantic fluency in participants with MCI.13 Furthermore, in a quasi-experimental study
examining the effects of a four year program that included volunteer work or other
community activities, physical exercise, verbal fluency, and conversational stimulation
treatment, four subjects with mild-moderate AD maintained or improved on a number of
expressive discourse measures.8! Other types of behavioral interventions, e.g., physical
exercise, or a combination of different types of behavioral interventions warrant further
exploration in individuals with MCI.
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Neuroplasticity

It is important to note that the observable, behavioral aspects of communication difficulties
in MCI may be closely related to the structural and functional changes that are occurring
within the brain. For example, one study demonstrated that both MCI and early AD
participants were impaired in semantic memory, and both groups had cortical atrophy of the
anterior temporal lobe and inferior prefrontal cortex.3” In another study of a group of
patients from very mild cognitive impairment to AD, the researchers found that impaired
verb fluency was predicted by temporal lobe hypoperfusion (as assessed using single-photon
emission computed tomography), while noun fluency was predicted by parietotemporal-
occipital hypoperfusion.®2 In addition, de Zubicaray and colleagues demonstrated that a
network including the left anterior temporal lobe, posterior temporal lobes, posterior inferior
parietal lobes as well as two frontal lobe connective pathways were critical for semantic
memory function in healthy older adults.53 Thus, although the brain structure and function
underlying the communication difficulties in MCI have not been fully explored, it is
possible to surmise that they are influenced by a broad frontal-temporal-parietal network.
Importantly, these brain regions are affected earliest in the neurodegenerative process.%*

In applying behavioral interventions to improve communication functioning in patients with
MCI, it is important to consider the potential mechanisms by which behavioral interventions
may influence the development of neuroplastic alterations (i.e., changes of brain properties)
that are related to the communication deficits. Neuroplastic changes occur within the brain
as a result of interactions with the environment.8> Accumulated studies with a focus on
executive function have demonstrated that different types of behavioral interventions,
especially cognitive training, induce measurable changes in structure and function (e.g.,
cerebral blood flow, glucose metabolism rate) of the brain regions that are closely related to
targeted executive function in patients with MC1.56. 87 |t is unclear whether communication
oriented behavioral interventions would induce similar neuroplastic changes.

Park and Reuter-Lorenz’s Scaffolding Theory of Aging and Cognition (STAC) may provide
a theoretical framework for further understanding neuroplasticity and communication
functioning in patients with MC1.88 STAC proposes that compensatory scaffolding helps
maintain high functioning behavior/cognition in the aging process. Compensatory
scaffolding refers to the recruitment of additional neural circuitry to offset the brain
structural and functional changes due to normal aging. The frontal lobe, especially the
prefrontal cortex, plays an important role in the process of compensatory scaffolding.
Communication skills are utilized continuously throughout the lifespan, therefore likely
resulting in a robust and durable neural network.68 However, as people age, these original
networks, especially in the frontal-temporal-parietal region, break down, which results in the
need for compensatory scaffolding mechanisms. For example, in one study, performance on
a semantic memory test was compared between younger and older groups.®® Using fMRI,
the authors found increased activation of the inferior frontal cortex in the older group, even
during the test with low difficulty level, as compared to the younger adults. Similarly,
Meinzer and colleagues also observed increased activation of inferior frontal cortex across
different difficulty levels of verbal fluency tasks in an older group, as compared to a
younger group.’®
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During the neurodegenerative process, as seen in MCI, the neural pathology (e.g., beta-
amyloid accumulation in the frontal lobe) disrupts the protective function of the
compensatory scaffolding. As hypothesized, cognitive training may provide a way to
enhance or prevent the disruption of the compensatory scaffolding of the brain due to such
pathological changes, especially during the early stage of decline, as seen in MCI. However,
the current task is to find the most appropriate training program that can help with the
scaffolding to compensate for the communication impairments seen in MCI. In a newly
published study, healthy older adults demonstrated direct improvement in working memory,
which is primarily controlled by the prefrontal cortex, following training of working
memory. This training also effectively improved the untargeted communication-related
domains of auditory and reading comprehension.’! While not conducted with cognitively
impaired adults, this study is supportive of the notion that cognitive training directly
targeting prefrontal cortex may most effectively and directly enhance compensatory
scaffolding, and ultimately, may affect other untargeted brain regions that are related to
communication domains. As mentioned before, most of the intervention studies we reviewed
did not directly target communication domains, but they did not target cognitive functions
that are directly related to prefrontal cortex either. This may help explain why those studies
failed to find any significant transfer effect from trained cognitive domains to untrained
communication domains. Nevertheless, STAC may provide an entirely new pathway for
developing cognitive interventions that may effectively address communication difficulties
in individuals with MCI, through a potential transferring effect from the enhancement of the
prefrontal cortex, where the compensatory scaffolding occurs, to the communication-related
domains.

Conclusions

In summary, communication difficulty is an important component of the MCI profile that
differentiates individuals with MCI from cognitively healthy elderly and patients with AD,
and may therefore be a key target for intervention efforts designed to improve multiple
domains of well-being in individuals with MCI.

Acknowledgments

The paper development was supported by the University of Rochester CTSA award number KL2 TR000095 from
the National Center for Advancing Translational Sciences of the National Institutes of Health to Dr. Lin. The
content is solely the responsibility of the authors and does not necessarily represent the official views of the
National Institutes of Health.

References

1. Petersen RC, Roberts RO, Knopman DS, Boeve BF, Geda YE, Ivnik RJ, Smith GE, Jack CR Jr.
Mild cognitive impairment: Ten years later. Arch Neurol. Dec; 2009 66(12):1447-1455. [PubMed:
20008648]

2. Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman DM,
Jagust WJ, Petersen RC, et al. The diagnosis of mild cognitive impairment due to Alzheimer's
disease: Recommendations from the national institute on aging-alzheimer's association workgroups
on diagnostic guidelines for alzheimer's disease. Alzheimers Dement. May; 2011 7(3):270-279.
[PubMed: 21514249]

3. Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med. Sep; 2004 256(3):183-
194. [PubMed: 15324362]

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Johnson and Lin

Page 12

. Mowszowski L, Batchelor J, Naismith SL. Early intervention for cognitive decline: Can cognitive

training be used as a selective prevention technique? Int Psychogeriatr. Jun; 2010 22(4):537-548.
[PubMed: 20170585]

. Aisen PS, Petersen RC, Donohue MC, Gamst A, Raman R, Thomas RG, Walter S, Trojanowski JQ,

Shaw LM, Beckett LA, et al. Clinical core of the alzheimer's disease neuroimaging initiative:
Progress and plans. Alzheimers Dement. May; 2010 6(3):239-246. [PubMed: 20451872]

. Gates NJ, Sachdev PS, Fiatarone Singh MA, Valenzuela M. Cognitive and memory training in

adults at risk of dementia: A systematic review. BMC Geriatr. Sep 25.2011 11:55. 2318-11-55.
[PubMed: 21942932]

. American Speech-Language-Hearing Association. Definitions of communication disorders and

variations. 1993; 2013 [relevant paper]. available from www.asha.org/policy. (05/31).

. Alosco ML, Spitznagel MB, van Dulmen M, Raz N, Cohen R, Sweet LH, Colbert LH, Josephson R,

Hughes J, Rosneck J, et al. Cognitive function and treatment adherence in older adults with heart
failure. Psychosom Med. Nov-Dec;2012 74(9):965-973. [PubMed: 23115344]

. Hoffman JM, Yorkston KM, Shumway-Cook A, Ciol MA, Dudgeon BJ, Chan L. Effect of

communication disability on satisfaction with health care: A survey of Medicare beneficiaries. Am J
Speech Lang Pathol. Aug; 2005 14(3):221-228. [PubMed: 16229673]

10. Appelbaum PS. Consent in impaired populations. Curr Neurol Neurosci Rep. Sep; 2010 10(5):

367-373. [PubMed: 20549394]

11. Zamarian L, Benke T, Buchler M, Wenter J, Delazer M. Information about medications may cause

misunderstanding in older adults with cognitive impairment. J Neurol Sci. Nov 15; 2010 298(1-2):
46-51. [PubMed: 20864127]

12. Taler V, Phillips NA. Language performance in alzheimer's disease and mild cognitive

impairment: A comparative review. J Clin Exp Neuropsychol. Jul; 2008 30(5):501-556. [PubMed:
18569251]

13. Scherder EJ, Van Paasschen J, Deijen JB, Van Der Knokke S, Orlebeke JF, Burgers I, Devriese

PP, Swaab DF, Sergeant JA. Physical activity and executive functions in the elderly with mild
cognitive impairment. Aging Ment Health. May; 2005 9(3):272-280. [PubMed: 16019281]

14. Petersen RC, Smith GE, Waring SC, lvnik RJ, Tangalos EG, Kokmen E. Mild cognitive

impairment: Clinical characterization and outcome. Arch Neurol. Mar; 1999 56(3):303-308.
[PubMed: 10190820]

15. Ostberg P, Fernaeus SE, Hellstrom K, Bogdanovic N, Wahlund LO. Impaired verb fluency: A sign

of mild cognitive impairment. Brain Lang. Nov; 2005 95(2):273-279. [PubMed: 16246735]

16. Balthazar ML, Cendes F, Damasceno BP. Semantic error patterns on the Boston Naming Test in

normal aging, amnestic mild cognitive impairment, and mild alzheimer's disease: Is there semantic
disruption? Neuropsychology. Nov; 2008 22(6):703-709. [PubMed: 18999343]

17. Brandt J, Manning KJ. Patterns of word-list generation in mild cognitive impairment and

alzheimer's disease. Clin Neuropsychol. Jul; 2009 23(5):870-879. [PubMed: 19301196]

18. Bschor T, Kuhl KP, Reischies FM. Spontaneous speech of patients with dementia of the Alzheimer

type and mild cognitive impairment. Int Psychogeriatr. Sep; 2001 13(3):289-298. [PubMed:
11768376]

19. Carter SF, Caine D, Burns A, Herholz K, Lambon Ralph MA. Staging of the cognitive decline in

alzheimer's disease: Insights from a detailed neuropsychological investigation of mild cognitive
impairment and mild alzheimer's disease. Int J Geriatr Psychiatry. Apr; 2012 27(4):423-432.
[PubMed: 21618285]

20. Economou A, Papageorgiou SG, Karageorgiou C, Vassilopoulos D. Nonepisodic memory deficits

in amnestic MCI. Cogn Behav Neurol. Jun; 2007 20(2):99-106. [PubMed: 17558253]

21. Fernaeus SE, Ostberg P, Hellstrom A, Wahlund LO. Cut the coda: Early fluency intervals predict

diagnoses. Cortex. Feb; 2008 44(2):161-169. [PubMed: 18387545]

22. Hall JR, Harvey M, Vo HT, O'Bryant SE. Performance on a measure of category fluency in

cognitively impaired elderly. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. May; 2011
18(3):353-361. [PubMed: 21390875]

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.


http://www.asha.org/policy

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Johnson and Lin

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 13

Lonie JA, Herrmann LL, Tierney KM, Donaghey C, O'Carroll R, Lee A, Ebmeier KP. Lexical and
semantic fluency discrepancy scores in aMCI and early alzheimer's disease. J Neuropsychol. Mar;
2009 3(Pt 1):79-92. [PubMed: 19338718]

Price SE, Kinsella GJ, Ong B, Storey E, Mullaly E, Phillips M, Pangnadasa-Fox L, Perre D.
Semantic verbal fluency strategies in amnestic mild cognitive impairment. Neuropsychology. Jul;
2012 26(4):490-497. [PubMed: 22746308]

Adlam AL, Bozeat S, Arnold R, Watson P, Hodges JR. Semantic knowledge in mild cognitive
impairment and mild alzheimer's disease. Cortex. Jul; 2006 42(5):675-684. [PubMed: 16909626]

Malek-Ahmadi M, Raj A, Small BJ. Semantic clustering as a neuropsychological predictor for
amnestic-MCI. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. May; 2011 18(3):280-292.
[PubMed: 21347885]

Cuetos F, Rodriguez-Ferreiro J, Menendez M. Semantic markers in the diagnosis of
neurodegenerative dementias. Dement Geriatr Cogn Disord. 2009; 28(3):267-274. [PubMed:
19797896]

Baek MJ, Kim HJ, Ryu HJ, Lee SH, Han SH, Na HR, Chang Y, Chey JY, Kim S. The usefulness
of the story recall test in patients with mild cognitive impairment and alzheimer's disease.
Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. Mar; 2011 18(2):214-229. [PubMed:
21229403]

Midi I, Dogan M, Pata Y'S, Kocak I, Mollahasanoglu A, Tuncer N. The effects of verbal reaction
time in alzheimer's disease. Laryngoscope. Jul; 2011 121(7):1495-1503. [PubMed: 21647891]

Kawano N, Umegaki H, Suzuki Y, Yamamoto S, Mogi N, Iguchi A. Effects of educational
background on verbal fluency task performance in older adults with alzheimer's disease and mild
cognitive impairment. Int Psychogeriatr. Sep; 2010 22(6):995-1002. [PubMed: 20602860]

Hodges JR, Erzinclioglu S, Patterson K. Evolution of cognitive deficits and conversion to dementia
in patients with mild cognitive impairment: A very-long-term follow-up study. Dement Geriatr
Cogn Disord. 2006; 21(5-6):380-391. [PubMed: 16601329]

Sohlberg, M.; Mateer, C. Cognitive rehabilitation: An integrative neuropsychological approach.
New York, NY: Guilford Press; 2001.

Ahmed S, Arnold R, Thompson SA, Graham KS, Hodges JR. Naming of objects, faces and
buildings in mild cognitive impairment. Cortex. Jun; 2008 44(6):746-752. [PubMed: 18472044]

Duong A, Whitehead V, Hanratty K, Chertkow H. The nature of lexico-semantic processing
deficits in mild cognitive impairment. Neuropsychologia. 2006; 44(10):1928-1935. [PubMed:
16616942]

Fleming VB, Harris JL. Test-retest discourse performance of individuals with mild cognitive
impairment. Aphasiology. 2009; 23(7-8):940-950.

Harris JL, Kiran S, Marquardt TP, Fleming VB. Communication wellness check-up© : Age-related
changes incommunicative abilities. Aphasiology. 2008; 22(7-8):813, 814-825.

Joubert S, Brambati SM, Ansado J, Barbeau EJ, Felician O, Didic M, Lacombe J, Goldstein R,
Chayer C, Kergoat MJ. The cognitive and neural expression of semantic memory impairment in
mild cognitive impairment and early alzheimer's disease. Neuropsychologia. Mar; 2010 48(4):
978-988. [PubMed: 19954747]

Bennett DA, Wilson RS, Schneider JA, Evans DA, Beckett LA, Aggarwal NT, Barnes LL, Fox JH,
Bach J. Natural history of mild cognitive impairment in older persons. Neurology. Jul 23; 2002
59(2):198-205. [PubMed: 12136057]

Nordlund A, Rolstad S, Gothlin M, Edman A, Hansen S, Wallin A. Cognitive profiles of incipient
dementia in the Goteborg MCI study. Dement Geriatr Cogn Disord. 2010; 30(5):403-410.
[PubMed: 20975271]

Fleming VB, Harris JL. Complex discourse production in mild cognitive impairment: Detecting
subtle changes. Aphasiology. 2008; 22(7-8):729, 730-740.

Price SE, Kinsella GJ, Ong B, Storey E, Mullaly E, Phillips M, Pangnadasa-Fox L, Perre D.
Semantic verbal fluency strategies in amnestic mild cognitive impairment. Neuropsychology. Jul;
2012 26(4):490-497. [PubMed: 22746308]

Ahmed S, Arnold R, Thompson SA, Graham KS, Hodges JR. Naming of objects, faces and
buildings in mild cognitive impairment. Cortex. Jun; 2008 44(6):746-752. [PubMed: 18472044]

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Johnson and Lin

43.

44,

45.

46.

47

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 14

Chapman SB, Zientz J, Weiner M, Rosenberg R, Frawley W, Burns MH. Discourse changes in
early Alzheimer disease, mild cognitive impairment, and normal aging. Alzheimer Dis Assoc
Disord. Jul-Sep;2002 16(3):177-186. [PubMed: 12218649]

Schmitter-Edgecombe M, Creamer S. Assessment of strategic processing during narrative
comprehension in individuals with mild cognitive impairment. J Int Neuropsychol Soc. Jul; 2010
16(4):661-671. [PubMed: 20438657]

Hudon C, Belleville S, Souchay C, Gely-Nargeot MC, Chertkow H, Gauthier S. Memory for gist
and detail information in alzheimer's disease and mild cognitive impairment. Neuropsychology.
Sep; 2006 20(5):566-577. [PubMed: 16938019]

Schmitter-Edgecombe M, Creamer S. Assessment of strategic processing during narrative
comprehension in individuals with mild cognitive impairment. J Int Neuropsychol Soc. Jul; 2010
16(4):661-671. [PubMed: 20438657]

. Ostberg P, Bogdanovic N, Wahlund LO. Articulatory agility in cognitive decline. Folia Phoniatr

Logop. 2009; 61(5):269-274. [PubMed: 19696488]

Barnes DE, Yaffe K, Belfor N, Jagust WJ, DeCarli C, Reed BR, Kramer JH. Computer-based
cognitive training for mild cognitive impairment: Results from a pilot randomized, controlled trial.
Alzheimer Dis Assoc Disord. Jul-Sep;2009 23(3):205-210. [PubMed: 19812460]

Belleville S, Gilbert B, Fontaine F, Gagnon L, Menard E, Gauthier S. Improvement of episodic
memory in persons with mild cognitive impairment and healthy older adults: Evidence from a
cognitive intervention program. Dement Geriatr Cogn Disord. 2006; 22(5-6):486—499. [PubMed:
17050952]

Cipriani G, Bianchetti A, Trabucchi M. Outcomes of a computer-based cognitive rehabilitation
program on alzheimer's disease patients compared with those on patients affected by mild
cognitive impairment. Arch Gerontol Geriatr. Nov-Dec;2006 43(3):327-335. [PubMed:
16451811]

Rapp S, Brenes G, Marsh AP. Memory enhancement training for older adults with mild cognitive
impairment: A preliminary study. Aging Ment Health. Feb; 2002 6(1):5-11. [PubMed: 11827617]
Rozzini L, Costardi D, Chilovi BV, Franzoni S, Trabucchi M, Padovani A. Efficacy of cognitive
rehabilitation in patients with mild cognitive impairment treated with cholinesterase inhibitors. Int
J Geriatr Psychiatry. Apr; 2007 22(4):356-360. [PubMed: 17117398]

Talassi E, Guerreschi M, Feriani M, Fedi V, Bianchetti A, Trabucchi M. Effectiveness of a
cognitive rehabilitation program in mild dementia (MD) and mild cognitive impairment (MCI): A
case control study. Arch Gerontol Geriatr. 2007; 44(Suppl 1):391-399. [PubMed: 17317481]
Wenisch E, Cantegreil-Kallen I, De Rotrou J, Garrigue P, Moulin F, Batouche F, Richard A, De
Sant'Anna M, Rigaud AS. Cognitive stimulation intervention for elders with mild cognitive
impairment compared with normal aged subjects: Preliminary results. Aging Clin Exp Res. Aug;
2007 19(4):316-322. [PubMed: 17726363]

Martin M, Clare L, Altgassen AM, Cameron MH, Zehnder F. Cognition-based interventions for
healthy older people and people with mild cognitive impairment. Cochrane Database Syst Rev. Jan
19.2011 1:CD006220. doi(1):CD006220. [PubMed: 21249675]

Belleville S. Cognitive training for persons with mild cognitive impairment. Int Psychogeriatr. Feb;
2008 20(1):57-66. [PubMed: 17958927]

Simons-Morton, B.; McLeroy, KR.; Wendel, ML. Behavior theory in health promotion practice
and research. Burlington, Massachusetts: Jones & Bartlett Learning, LLC; 2012.

Forbes-McKay KE, Venneri A. Detecting subtle spontaneous language decline in early alzheimer's
disease with a picture description task. Neurol Sci. Oct; 2005 26(4):243-254. [PubMed:
16193251]

Chapman SB, Weiner MF, Rackley A, Hynan LS, Zientz J. Effects of cognitive-communication
stimulation for alzheimer's disease patients treated with donepezil. J Speech Lang Hear Res. Oct;
2004 47(5):1149-1163. [PubMed: 15603468]

Jelcic N, Cagnin A, Meneghello F, Turolla A, Ermani M, Dam M. Effects of lexical-semantic
treatment on memory in early Alzheimer disease: An observer-blinded randomized controlled trial.
Neurorehabil Neural Repair. Oct; 2012 26(8):949-956. [PubMed: 22460609]

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Johnson and Lin

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Page 15

Mahendra N, Arkin S. Effects of four years of exercise, language, and social interventions on
Alzheimer discourse. J Commun Disord. Sep-Oct;2003 36(5):395-422. [PubMed: 12927946]

Ostberg P, Crinelli RM, Danielsson R, Wahlund LO, Bogdanovic N, Fernaeus SE. A temporal lobe
factor in verb fluency. Cortex. Jul; 2007 43(5):607-615. [PubMed: 17715796]

de Zubicaray Gl, Rose SE, McMahon KL. The structure and connectivity of semantic memory in
the healthy older adult brain. Neuroimage. Jan 15;2011 54(2):1488-1494. [PubMed: 20807579]

Jack CR Jr. Alzheimer disease: New concepts on its neurobiology and the clinical role imaging
will play. Radiology. May; 2012 263(2):344-361. [PubMed: 22517954]

Lovden M, Backman L, Lindenberger U, Schaefer S, Schmiedek F. A theoretical framework for
the study of adult cognitive plasticity. Psychol Bull. Jul; 2010 136(4):659-676. [PubMed:
20565172]

Takeuchi H, Taki Y, Hashizume H, Sassa Y, Nagase T, Nouchi R, Kawashima R. Effects of
training of processing speed on neural systems. J Neurosci. Aug 24; 2011 31(34):12139-12148.
[PubMed: 21865456]

Mozolic JL, Hayasaka S, Laurienti PJ. A cognitive training intervention increases resting cerebral
blood flow in healthy older adults. Front Hum Neurosci. Mar 12.2010 4:16. [PubMed: 20300200]

Park DC, Reuter-Lorenz P. The adaptive brain: Aging and neurocognitive scaffolding. Annu Rev
Psychol. 2009; 60:173-196. [PubMed: 19035823]

Geva S, Jones PS, Crinion JT, Price CJ, Baron J, Warburton EA. The effect of aging on the neural
correlates of phonological word retrieval. J Cogn Neurosci. Nov.2012 24(11):2135. 2146 ER.
[PubMed: 22849403]

Meinzer M, Flaisch T, Seeds L, Harnish S, Antonenko D, Witte V, Lindenberg R, Crosson B.
Same modulation but different starting points: Performance modulates age differences in inferior
frontal cortex activity during word-retrieval. Plos One. Mar 15.2012 7(3):e33631. [PubMed:
22438970]

Carretti B, Borella E, Zavagnin M, de Beni R. Gains in language comprehension relating to
working memory training in healthy older adults. Int J Geriatr Psychiatry. May; 2013 28(5):539-
546. [PubMed: 22821686]

Belleville S, Gilbert B, Fontaine F, Gagnon L, Menard E, Gauthier S. Improvement of episodic
memory in persons with mild cognitive impairment and healthy older adults: Evidence from a
cognitive intervention program. Dement Geriatr Cogn Disord. 2006; 22(5-6):486—499. [PubMed:
17050952]

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



Page 16

Johnson and Lin

‘av "SA 1D 'SA 1DS 1o sio1o1paid

poob a1am Aduanyy dnuewss pue Buiydrew plom-uo
‘saoe) BulweN ‘[DIN>AY :Bulydlew piom-uoniulap

pue Aouanjy onuewss ‘s1slgo pue seoey BulweN 1ON>IDN
:Aouanyy onuewas ‘Bulyalew piom-uoniulap ‘sade) Buiwen

‘1ON>IDW>AY :UoewIoul Juenodwi Jo JUsWaeIs
pue ‘A10)s 8y} WO} UOSS| PUB BapI UIBIAl ‘|DN>IDIN=AV
:AI01S 3} WOJJ S30U3I3UI JEINIJE JO UOIoNPo.d

‘DA 81eUIWLIISIP JOU PIP [IDN>AYV Pamoys ¥-3IV 40
uondas abenbue| Buibuseyd ssa ION>IDIN=AY :Alowsw
JNUBWAS [ON>IDN>AY Aduanjj d1ueWSS pue diWwauoyd

1ON>1DW>AV :Aduaniy [eqlaA pue Alowsw

JNUBWSS "[DN PUe [QIA 10 QV PJiw pue [JIN usamisg
a]e1uaJaIp 10U PIp XSkl {(8s1n0dsip aAlssaldxa) uondiosap
2In1o1d uo spaom Jo siaquinu Jejiwis paonpoid sdnoib ||v

"QV 01 Jejiwis ‘Asuaniy o1wsuoyd ueyy onuBwWSS
J1a100d pey pw-1DNR ‘|ON 01 Jejiwis ‘Aousnyy orwsuoyd

Buryorew wAuouAs
‘Buiyolew pJom-uoniulep ‘sysel Aouanys olwauoyd
pue onuewss ‘s)0alqo pue sadey snowre) BuiweN

Buore Buimojjoy
juedionted yum Jaulwexs Aq pnoje peal ‘saqoid
|oA3]-|1BI9p pUe -1SIB UM SAIIRLIRU PIOM-8/G

(Ld)

159] 89e|d 9984 pue (Y-JIV) pasiney-uoljeulwexy
anniubo) s,a%004quappy 4o suoniod abenbue|
‘INO ‘syse1 Aouan|y o1uewas pue d1wauoyd

syse} Aouanyy d1wauoyd pue
olUBLSS ‘| NE ‘21n1dld YAy L 81400 (€-3vad)
€-uoneulwex3 eiseydy ansoubeig uoisog

Aouanyy
JequaA ‘AJowsw dNUBWSS

uoisuayaldwod
Buipeal ‘asInoasip
an1dadal pue anlssaldx3

Aowsw
anuewss ‘Aousnyy [eqian

Aouanyy
Jequan ‘Alowaw d1uewas
‘851n02s1p aAIssaldxg

0v=ION 0¢=10S
0v=aV 819eqoid 0v=10N

G¢=ION ¥¢=aV PI'N 0¢=IOIN

€T=ION
GT=AV pliw 3|qeqo.d LT=ION

07=ION 0¢=QAV 319N
-POIN TZ=AV PIIN ¥€=IDN

07=ION
6¢=AV ¢¢=I0Neu Jg=pw

126002
““le 18 so1en)

ey €002
“Ie 18 uewdey)d

61¢T0C
“[e 18 JaleD

g1100C
“|e 19 Joyosg

416002 ‘Butuuely

pUR 21]UBLUSS USBMISQ 92UBIBJIP OU PAMOYS PS-|DINE syse) Aouanyy olwsuoyd pue onuewss ajdiniN Aouanyy fequap -1DIN® SZ=PS-1DIN® ¥/=IDN 7 1puelg
'S]0JJU09> [ DINE>AY S90S Aduaniy [eqUaA
'S10U0d> | DINE>AY :(S9Nnd Inoynm) Buiwreu snosueuods Aouanyy o1 8002
1Ng 'sjonuod=|JNe>AYV :(Sand Y1) a109s [e101 I N9 yse) (Buiweu jewiue) Aousnjy onuewss ‘INgG  [eqaA ‘Alowsw dnuewss  9T=|ON 9T=AV P]IW 9T=|DN®. ““le 18 Jezeyijeg
"sreak /Z UM asoy} ul 8]qeidadde Ing ‘uoreanpa Jo sieak
95 yum sjuedionued ul mo| sem Qv pue [DIA BulAynuspl
104 1128l A103s Jo ANa1y10ads pue AIAIISUSS |ON=IDN>AVY 85IN0JsIp dANdadal
sl uoiubodal A101S "[ON>IDIN>AY :SIsal |[edal Alois ‘(Aouanyy o1wsuoyd pue onueWwaS ‘1 WAOD) pue aAIssaldxa ‘Aouanyy €G=1DN /6=aV gz T10C
paAe|ap pue alelpawiwi ‘Aduan|y [eglan ‘Alowsaw JnueWaS 1591 UOI1RI00SSY PJOAA [840 PaJj0IuoD ‘INg  [eqlaA ‘Alowsw dnuewas ZTT=IDIN :S108lqns uealod) “|e 19 yoeg
"$]0JU0D JO 9%00T ‘siuedioned [DIA JO %18, pajoIpaid
AJ1991102 SYSE) € |[E JO UOIRUIqUIOD "8Uou UO pairedwl
/.8 ‘1531 T UO paJtedwll S|0JIUOD JO 94ET ‘duou uo palredwl
%ET '€ |1e U pairedwl %8¢ ‘Z Uo palredwl! 9682 158}
T uo pauredw sjuedoned [N JO %TE " LNO<LEO<LINOD (Lg9) 1s9.L sBuipjing papels (149) 2+800C
U $3109s ‘sdnolB yrog U] "sysel [[e uo [DN>IDN 159 $89e4 papelo ‘(1N9) 1581 Bulweu papeio Alowaw onuewss 1€=1DN ZE=1DN “le 18 pawyy
sloyine ay} Ag pajoniisuod
abpajmou anuewss Jo Aleneq uauodwod -inw
18] S8l | Wied pue spiwelAd © pue “yse1 Aouanyy d1wauoyd ‘abpajmouy| onuewas
‘swAuouAs plom ‘Buiyorew ainyoid-piom ‘Buiweu ainjord AAIIRID0SSE JO 153) $931] Wed pue piwelld ‘1se1
uo @V Ueys Janaq ‘Alowsw d1uBWSS JO SaInseaw Jaylo Aue WAUOUAS 19e.1S0E pUR 83840U09 ‘(Bulydrew ainjoid
Uo [N Woy Jualaplp Ajfeansiiels 1ou [DN ION>IDN>AY 01 pJom ‘Burweu a1nyaid ‘sysel Aouan|y d1UBWSS Kouany 5z 9002
:Aouanyy onuewss ‘Qv<IDN=IDIN :Aduanjs olwauoyd ¢€) Aianeg onuewss abpugqwed ayl Jo SUOIOd  [egJaA ‘Alowaw d1UBWSS 0£=IDN TT=AV 0T=IDN “e 18 we|py
surewoq abenbue ] aAsse 1dXT SBIPNIS [RUOIIBS-SS0 1D
sBuipui4 redouild (S)1eWwa Inses |\ Uo1TeD IUNWIWOD (S)urewoq s1elgns 0UB PPY

Uo17ROIUNWIWIOD

NIH-PA Author Manuscript

T alqel

S9|CeLIBA UOIRIIUNLILLIOD YIIA SSIPNIS [eUOIBAIBSGO

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



Page 17

Johnson and Lin

"V4Nd uey) Jaisey Apueoiyiubis

8Jam 1daoxa ‘dnouf Aue wouy yuatayip Apuediyiubis
10U 3JaM [DIN 10} SaTel HAQ "eouewoad yosads
Jojow pasredwi pamoys siuedidied [DIA 10 %0T AlUO

Syse}
Aauanyy [equan Jayro ueyy Aduaniyy qian uo Jasood pawloylad
$193[qNns 1DIN “1DS>IDIN>QAY 581095 Aduan|y qIsA

"ION wouy Juaiayip

Ajleansiels Jou ‘Qqy ueyr yosads (Japnoj) asusiul aiow
paonpoud DA “ION Wiouy Jussayp Ajfeonsiiels Jou :gy pow
YIIM 350U} Uy} uoniiadas 8ouaiuas Jaise) pey [DIN “(1amols
alaM QV aJanss-pow) Qv AJes 03 pasedwod se [QN

Ul 818 MA@ uo asuaJaylp Juediubis Ajjeansiels oN ‘1ON
WoJJ JuaJtayip Apuediyiubis Jou ‘sysel Aouanyy [eqian uo Qv
UeY) SaWll} UoIoeal J31Se) YIM SpIom alow paonpold [DIN

*($8109S 91WBUOYd>S3109S J1IUBWISS) S|0AU0I Uk}
Aouanyy olwsuoyd pue onuewas usamiaq Aouedalosip Jajeald
' MOys sjusized Qv Ajies pue |DINE 1ON>IDIN-e>AV

siuedioied @y pue DA ul Aouanyy owsuoyd
J0U Ing ‘Adusnj4 dIUBLWISS U0 douewIoiad paouanjjul
UOIBINPA JO [9A3T "V UBY} SPIOM a1ow pasnpod DN

“IDN>I0N=AV
:(sa9ey pue s19a[qo paweu Inoge suonsanb Buliamsue)
9Bpajmou| dIULBWISS UO pue ‘sadey pue s199[qo BuiweN

‘ION>IDW>QY :sainseaw 1s1B pue |1eleg

ION>ANMJ=IDIN :Alowaw onuewss

'sdnoJB |ON Uey) 8SOCIBA 810W 9JaM puR SJUBILLIOD
JueA3|a.141 310w papirold QNMJ pue DA sdnolb
J3Y10 || UeY] UOITeWIOUI d1eWway) ssa] papiaoid [DIN

‘1DN uey: Jaood
Apueaiyiubis pawiogiad [DIA ‘SpPU0ss Og JaYY ‘dA 10 VY
ey Janaq Apueaiyiubis pswiopad [DIA ‘SPU02SS GT JBUY

‘Aixajdwod a139eIuAs 10U Ing
‘Airenb pue yibua| 8s1n0asip uo ‘|ON 031 patedwod ‘Jsiood
Pa102s DIl *LNg U |ON 0} Apejiuis pawopiad 1O

‘o1wauoyd ueyy Asuanpy
OlUBLIBS UO 133 pawopad ION pue IO ION>IDN>AY

ION>ION-e>aV

‘doo.ais 10u Ing Buiweu ainyoid dooas
uo pairedwi dnoib DN “1DIA 01 dAIRR[3I |[e uo padiedwi

dlel Maa

$yse1 Aouaniy gJaA pue d1uewas ‘olwsuoyd

wresbonoads ‘ajel YAQ ‘ewn uoireuoyd
wnwixew ‘sig)awesed 3d10A [euoiSUBWIPIINW
‘Aauanyy onuewas ‘Asuanyy o1wauoyd

yse) Aouanyy o1iwsuoyd T pue Aduanjy dnuewss T

yse) Aouanyy o1wsuoyd T pue Aduanjy dnuewsas T

wiay} Inoge suonsanb Buamsue
pue ‘sagey) Qg pue sjewiue Oz ‘s198lgo oz BulweN

X8}
aAIRLIRU WOJY UOITeWIOUI ISIB pue [1e1ap 4O |[809Y

1Ng pue ‘s1dsou0d 2109 d1rewWay)
€T 10} pazAjeue yse] 8sIn0osIp ,MIOA MaN 01 dii],,

$00]q
PU028S-GT 190 PaI0IS skl Aouan|y dnueLIaS
$1daou09

9102 21jeWaY} €T 40} pazAfeue ‘(IO A MaN 0}
dii],,) ajdwes asinodsip paydlje ‘xajdwod pue ‘1 Ng

Aouan(y onuewsas pue dlwauoyd Jo Yyoes sisal €
yse) Aouanyy onuewss

>se) Buiwreu ainyoid-dooais pue ‘doosis ‘(piom-uou
"SA PIOM) S3{SE] UOISIOap [B2IX3] Z ‘(Samoaid Inoge

yosads 1010

Aouanyy jeqlap

yoaads
10jJ0W pue awi} UoKIeal
[equan ‘Aouaniy [eqiaA

Aouanyy [equap

Aouanyy [equap

Alowsw dnuewss

uoisuayaidwoa Buipeas
'98IN02SIP dAISsaIdXT

Alowsw onuewas
'95IN00SIP BAISSaIdXT

Aouanyy jeqlap

95IN0JSIP dAISsaIdXD
‘lowsw onuewss

Aouany|y jeqap

Aouanyy jeqap

eiseyde juanjuou aAIssalbold
€1=(a14) enuawap eiodwsa}
-0ju044 09=12S 85=AV
68=IDIN :JO SM3INaJ Leyd

196002
“le 18 Buaqiso

0r=(12S) Juawuredwt aARIUB0D 5002
8An8lqns £5=av 09=I10N “le 18 BragpsO

ST=ION 8=QV sjelspow 621102

ST=aV Alfea GT=10N “e 19 IPIN

gT=uoIssaidaq ¥z2=ION ¢z 6002

Ge=av Aliea Ly=10INe “[e 38 a1u07

av sve=av 0e 0T0C

€2T=IDIN :$198lqgns asaueder "l 18 ouemey

9T=ION 160102

9T=qaV Alfea GT=IDIN®e “[e 18 Wagnor

5 9002

9¢=ION ¥1=AV 0Z=I10N “"|e 18 uopnH
22=(19p10) 10N 0g=(196unoA)
ION 0T=(ANMd)

abewrep [ea1bojoinau o¢ 8002

UM SuosIad 0T=I1DIN e 19 SLUeH

S7=1ON 2z 1102

6v2=AV L6=AA L6=I1DN “le1 I[eH

08002 ‘StleH

8=ION 8=ION\ 79 Buiwa|4
1z800¢
S7=10N 85=QAV ¢8=I10N “"|e 19 snaeuay
022002 e

LZ=IDN ST=aV pj'w LE=IDIN® 13 ¥ nowouody

dnoif Qv ‘uoisioap [edixa] 10u Ing ‘saqoid onuewss  suonsanb Buriemsue) sagoid onuewas ‘sel Buileu 09 =ION ve 9002
pue Buiweu ainaid uo [QN 01 aAne|al palredwi dnolb 1IN ainaid abenbue Jo Juswissassy d1sINBuljoydAsd Alowaw onuewas 6£=AV 3]qeqoid T9=IDN ““le 18 Buong
sBuipui4 redpulid (S)1UB W INSED || UOITEd IUNWILLIOD (s)urewoq spefans Q0Ud By

Uo7 IUNWIWIOD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 October 27.

Top Geriatr Rehabil. Author manuscript



Page 18

Johnson and Lin

*AI0WaLW 91UBWISS UI S|0AU0D Uey)
1915} PauIoap pue auljased e JaJood paiods suosiad [DIN

159 Buipeay
1INpY [euoneN ‘s8] Aseingeso abuey papusix3y
‘Jyag 40 1s81qns  [elisle|N [euonesp| xajdwo),,

‘>ise1 Aauan|y [egJan ‘ 1Ng :J0 9102s-z ausodwo)

(uoisuayaidwod

Buipeal pue

‘syde.be.ed pue saousluas
J0 uoisuayaidwod
‘Aauanyy requan ‘Alowsw
onuewWas 40 a)sodwod

® se pazijen1daouod)
Alowaw 21uewas

sieak (,—Tabuel)

Gty Jo abesane ue 1oy Jeak

Jad awn T passessy /85=1ON
TT2=IDIN :ABJ3]2 d1joyred

ge ¢00C
““|e 38 NauUeg

surewoq abenbue 1 aAse Jdx3 [S31pNIS feulpniifuo]

"Se] uoisuayaidwod Buipeas uo sdnoif usamiaq adualayip
ON *AJoWwaw d1UBWSS U0 Y UeY} Ja1aq pue sysel Alowsw
J1jUBWAS pue Aduan[} [egJaA uo [DN Uey} Ja100d paiods [DIN

TON>IDN>AY :sainseauw 1s16 pue relaq

‘ION>IDIN :uoisuayaidwod K101

ION>IDN>AV
:s|re1ep A103s Jo Buriaquiawal pue uoniubodsy

"sreak /Z Ulm asou} ul 8]qeldadde Ing ‘uoreanpa Jo sieak

95 ynm spuediorued up moj sem Qv pue 1A BuiAynuapl
104|188 A1018 J0 AND13108ds pue ANAINSUSS “[ON=IDN>AY
sl uoiubodal A101S “[ON>IDIN>AY :S1se} |[edal A1ois
pake|ap pue ajelpawiwl ‘Aduanyy [egJan ‘Alowawl dnUBWSS

159 ai1seydy
Jauyoey ‘(wiog Loys) 1Ng Yser Aouanjy onuewas

X8}
dAIIRLIRU WOJY UOITeWIOUI 1516 pue [1e1ap 4O |[809Y

suonsanb |enualajul G pue [enioey

G payse uay Alowaw pre pue saouaiajul 1Id1|e

0} ,pNnoje uly,, 03 8dueyd e wayl BulAlb ‘swin e

Je aul] auo swuedionued Aq peal $a1101s aulj-0Z OM L

Buoye Buimojjoy
juedionted yum Jaulwexa Aq pnoje peal ‘saqoid
1e39p puke -1S16 YU BAIJELIEU PIOM-8/G

1591 uonubodal

A101s pue [[eoas A10ls pake|ap pue ajelpawiwi
‘(Aouanyy o1wsuoyd pue onuBWSS | 1WAMOD)
1581 UOIIEID0SSY PIOM [eIO pajjonuo) ‘INg

uoisuayaldwod
Buipeal ‘Aiowsw
anuewas ‘Aouanyy [eqIsA

uoisuayaidwoa Buipeas
‘35IN02SIP BAISsaIdXT

uoisuayaidwod Buipeas
‘851n02s1p aAIssaldxg

uoisuayaldwod
Buipeal ‘asinoasip
andadal pue anlssaldx3

851n02s1p aAndadal
pue anIssaldxa ‘Aousnyy
JequaA ‘Alowaw dNUeWS

11 0T0C

8T=ION 8T=AV PIIIN 8T=IDN ““|e 18 UeLewez
5 9002
9¢=ION ¥1=AV 0Z=10N ""le 18 uopnH
vy 0T0C
‘Jaweal)

79 aqwo2abp3

€¢=I0N €¢=10N®e -13NIWYIS

ey ¢00C

SG¢=ION ¥¢=aVv PI'IN 02=IOIN “le 39 uewdeyd

surewoq abenbue 1aA11d809Y SBIPNIS [EUOI108S-SS0 1D

"se] uoisuayaidwod Buipeas uo sdnoif usamiaq adualayip
ON “AJowaw d1ueWSS U0 QY UBY) Ja)Iaq pue sHsel Alowaw
J1jUBWAS pue Aduan[} [egJaA Uo [DN UeY} Ja100d paiods [DIN

159 aiseydy
Jauydey ‘(wioy 1oys) 1 Ng isel Aousnjy dnuewss

uoisuayaldwod
Buipeas ‘Alowsw
onuewas ‘Aduanyy [eqIsA

€G=ION L6=AV gz 110¢C
ZTT=1DWN :S108[gns uesioy| “[e 13 Yaeg
11 0T0C

8T=ION 8T=AV PI'IN 8T=IOIN “|e 18 Uellewez

suonsanb [enuaiaul py 0T0C

G pue [en)oR) G PaXSe Uy “Jaquiswial way djay uoisuayaldwod ‘laweald

‘Bui)|a1e. A101s pue saouaiajul Jo uonanpoid 01 ,,pNOJe YuIyl,, 01 8dULYD € Way) BulAlb ‘swn e Buipeal ‘8si1noasip 79 aquiodabp3

U0 $]03u09 Uey patredwil alow atem suedionued DN Je aul] auo swuedionued Aq peal $a1101S aulj-0Z OM L andadal pue anlssaldx3 €2=IDON £Z=IDIN® -JIa1WYdS

ION=IDW :Alowaw dnuewss

1ON UBY] SBYINMS JO Jaquinu Jamay Ajuediyiubis-uou Alowsw vz €102

e pue sarl0Ba1eIgNS Jamay ‘s1aisnjo Jajjews paonpoid [DNR (wJoy wall GT) Z-LNG ‘sysel Aouanjy dnuewss g o1ueWas ‘Aouanyy [eqIdA ££=1DN ££=1DIN® “le 19 ‘901ld
6=(as)
BlIUSWAP d)UBWAS /=(V4Nd)

sBuipui4 redpulid (S)1UB W INSED || UOITEd IUNWILLIOD (s)urewoq spefans Q0Ud By

Uo7 IUNWIWOD

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



Page 19

Johnson and Lin

‘(.2x-e1-ed,, so|qe||As ay) Jo suonnadal Aq painsesw Ajjibe Aloye|nole Jo ainseaw e) ayel d11auijoydopeIp=alel YAQ ‘eluswsp
JeINaseA=A ‘Urewop ajdinw=puw ‘urewop a|BuIS=ps {|DIN d11SBURUOU=|DIABU [DIN d1SBUWR=]DAE 3SeasIp S, Jawlayz|y=ay Juswiredwi aAubod ou=|QN ‘uawredwi sAiubod pliw=|DIA 910N

‘uoisuayaidwod

AJ01ipne uo 9,0 pue ‘Alowaw d1uewWas Uo patredwi
Alreniui a1am enuawap 03 passalboid oym syuedionsed
1D 40 %29 "uonouNny aAIUB0I [ewou paressuowap (%)
6 pue enuawap pey dnoib |DIN 40 (%E2) L1 ‘SIesh g el

pasinay
-9]eas 99uabl|[31u] NPV S,43]YISBAA J0 1S31gNS
sanueIWIS ‘1 Ng ‘uonnadal sioiaq abenbue

33gNS JO JUBWISSASSY ‘(A 15819NS) 158} UaY0 |

(sanuepiwis) uonoensqe
‘Alowsw onuewss
"uoISusyaIdwiod agusuas

sIeak g pue auljaseq
Je passassy G0Z=N 09¢=I0N

6c 0T0C
““[2 19 pun|pJoN

surewo(q abenbue 7aA11de39y SBIPNIS feuipniibuo ]

‘uoisuayaidwod

Aioupne uo 9,0 pue ‘Alowasw dnueWaS Uo patredwl
Ajreniur aJam enuawap 03 passalboid oym syuedionred
1DIA 40 %29 "UoIIouNy 8AIIUB0I [ewlou parelisuowap (%SG)
6 pue enuswap pey dnoib 1IN JO (%E€e) Ly ‘sieak g Jayy

suostiedwod ajdinw Joy uswisnipe

Jeansnels Jaye ‘sdnolh usamiag saoualayip Juediyiubis
0U PaMoys S1sal Jay1o || ‘9 Jeak Je Aouanyy olwauoyd
Joy pue ‘pousad Apnis ay3 Inoybnoayy Aouanyy onuewas
ul Ajuo syusuiredwil pamoys DN ‘IDN 01 patedwo)

SUIUOW 9 Ja1ye 8SIN02SIP aAIssadxa Ul aulj2ap ueaiiubis oN

pasiney
-9]eas 80uabi||8Iul JNPY S.J8JYdsaA 40 1s81gNns
SanLBIIWIS ' INg ‘uonnadal sioleq abenbue

3[1GNS JO JUBWISSASSY ‘(A 1S81GNS) 158} U0 |

Jewwels) Jo uondadey

3y} J0J 158 ‘aBpajmouy| dIUBLIAS SAITRIDOSSE JO 153}
(1Ldd) sea1]1 wijed pue spiweiAd ‘Buiweu ainoid
‘syse} Aauanyy olwasuoyd € ‘sysel Aduaniy dnuewas g

$1da0U02
9102 d1jeWaY} €T Jo) pazAjeue ‘(,MIOA MON 0}
dug,,) ajdwes asinoasip pandlje ‘xajdwod pue | Ng

(sanurepiwIs) uonoensqe
‘Alowaw d1uewWwas
"uoISuUayaIdwiod aousuas

abpajmou

a119RIUAS ‘abpajmou
onuewss ‘Alowsw
onuewas ‘Aduanyy [eqIsA

3SIN0JSIP BAISSaIdXT

syuiod
awi Jeak z pue auljaseq yioq
Je passasse G0Z=N 09Z=I0N\

sc 010C
““[2 19 pun|pJoN

sIeak 0T—9 JoJ Jeak/awn
T pessessy #¢=1ON 0T=I10W

1¢ 900C
““Ie 12 sabpoH

syuoW -9 pue
au1jaseq 1e passassy 8=1JIN

c¢ 6002 ‘stieH
79 Buws|4

sBuipuid redourid

(S)1UB W INSED || UOITEd IUNWILLIOD

(S)urewoq
uolesunwwo)d

sye(gns 20Ud RPY

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 October 27.

Top Geriatr Rehabil. Author manuscript



Page 20

Johnson and Lin

se)

Aduan|y [eqJan d)UBWAS U0 panoidwl
dnoub 95 v 'sdnoib | Qv 10 DN
J18U19 Ul SaINseswl UoKedIuNWWod

u1 sabueyd Jueaiyiubis Ajjeansiels oN

salnseaw Aouanyy [eqlaA uo Jo sdnoib
Jay10 ul 8bueyd ou ‘uonusAIBIUI
Buimojjoy (j1eda1 A101S) 8SIN0ISIP UO
panoidwi dnoib Buiuresy Hoo+wieyd

dnoib
0 10 | Ul 3Inseaw Uo1esIunwwod
u1 abueyd Jueaiyubis Ajjeonsiers oN

abueyd ou pamoys
dnoub wSIA ‘Aduanyy otwsuoyd
uo panoidwi dnoib gy ‘dn-mojjoy

"SY99M € 10} >9aM
/sAep ¥ ‘AIA1E Ydes 10§ SUOISSaS
“ulw Gy—0¢g “(1g) Buturen
leloineyaq pue (10) Adelayy
leuonrednado ‘(109) Buluren
aA11uboo pazusndwod Buipnjoul
UOIUBAIBIUI [epOW-NINA

'SH99M {7 10} Ydam/sAep G ‘Aep
/inoy T Jo (S490]q usamiag syealq
yauow z yum) Buiures Jo s320q
¢ "abenbue ‘sj1s jenedsonsia
‘Buluoseal 10e.isge ‘Alowaw
‘uonuane jo Buluresy aAubod
paziiaindwod fepow-NNA

"SUOISSaS
dnoJb ainuiw-0zT Apjam xis
‘(g +d) .SJo118q parejal-Aiowaw
40 Bunnonas aAniuboo,,
‘Buture sjjs Alowsw
‘Buiuresy uonexeja. ‘Juawiredwi
Aiowsw Buiprebal uoreanpa
Buipnjour uonuansul AlowsN

“UIW Gy—€T 104 YoamysAep ¢
pautel} s19alqns "yealq 399Mm 9~
Aq paresedas Buiuresy jo sporiad
Yaam-y g -abenbue| ‘uoniubod
|erredsonsiA ‘uondasasad ‘Alowaw

SJUBLUSSasSe
UOIUBAIBIUI

-1s0d pue auljaseq
‘|ejuswiriadxa
-1sen®

SJUBLLISSasSse
dn-moj|o} JeaA-T
pue auljaseqd 104

SJUBLLSSASSe
dn-mojjoy
Yuow-9 pue
uonuanisul-isod
‘suljeseg 1104

SJUBISSaSSe
dn-moj|o} Yuow
-€ pue auljaseq

|[e28s
Kiois (LINGY)
1591 Alows
leinoineyag
peaWIaALY ‘SySe)
Aouanyy onuewas
pue d1Wauoyd

118281 A103S ‘Syse)
Aouanyy onuewss
pue d1Wauoyd

|[e28s
A101s pakejap
pue areIpawW |

sysel

(Atowsw

o1posida) asInoasIp
anIssaldxa pue
anndadal ‘(d1wauoyd
pue d1juRWSS)
Aouanyy [equan

(A1owsw

21posida) asInoasip
anIssaldxa pue
anndadal ‘(d1wauoyd
pue 91UBWSS)
Aouanyy jeqlap

(A1owsw 21posida)
951N02sIp aAlssaldxa
pue aAndaoey

(onuewsas

G=0 ¥¢=I 6¢=enuawsp
PIIIN 2=D 0€=1 LE=ION

22=0 G1=1 602
+Wieyd zz=1 600 65=10

0T=0 6=I 6T=ION

5,002
“|e 19 1ssefe L

251002
' *[e 18 1UI1ZZ0Y

16 200Z ‘|e 18 ddey

01 au1]aseq wo.y sainseaw abenbue| ‘uonyuane jo Bujures; aAubod ‘[ewswiadxa Aouaniy onuewss pue ojwauoyd) 05 9002
uo anoidwi Jou pip dnotb 1D paziiaindwod fepow-NNA -1sen® pue d1Wauoyd AKouanyy equap €=VSIN 0T=AV 0T=IDN e 19 lueudin
SJUBLUSSasse
UOIUBAIBIUI
syuedionued siuedionged G- Jo sdnoub |jews -150d pue auljaseq |1edal (A1owsw 21posida)

IN 40 [DIA Jayya ut anodwi Ul "uIW OZT 0 SUoISsas Ajaam ‘|ejuswiriadxa A101s pakejap 951N02sIp anlssaldxa 8=0 6=I 22 9002
Anpueaiyiubis 1ou pip [[edas AioiS 8 "Buturen ABarens Aiows -1send pue sreIpswiw| pue aAndsdsy  ZT=IDN 8=D LT=I SZ=IDN “le 19 9|1A9]19g

(LNg) 3saL

BuiwreN uoisog

‘1S9 UOITRId0SSY

pIoM [eIO

pajj0J1u0) ‘21008

S399M 9 10} ‘dam/sAep urewop afenfue|

G ‘Aep Jad "uiw oQT Adeindoe snyels anniubod

$aInseall Uo1edIUNWWOD pue paads Buissasoid Aioupne SjuaLLSSasSe 10 JUBLSSASSY
UO |0JJUOI PUB UOJUSAISIUI UBBMIS] anoldwi 03 sasioJaxa Bulurely uonuasul-isod loy Aisneg AJowaw d1uewss gy 6002
aoUaJIaIp JURDIHIUBIS Aj|eansIels ON paziiandwod paseq-awioH pue auljaseq ‘10Y a|qereaday ‘Aouanyy [egqsp G2=0 z2=I Lv=12I\ ““Ie 18 sauleg
S1|NS9Y UOITedIUNWWOoD uolUBAJBIU | ubsag (Sloinsea (S)urewoq a|dwes 0UB PPY

uoledIUNWWo)D
S8W0JIN0 UoIIeIIUNWWOI YA SaIpNnIs UoIuaAIalu| w>=_cmoo
¢39l|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2014 October 27.

Top Geriatr Rehabil. Author manuscript



Page 21

Johnson and Lin

Aydosye waisAs-nnw=yS ‘[edtbojooewreyd=wireyd @Amuboa=0607 |01au0d=2 ‘uonuaAdu|=| Juswiredwi aaniubod ou=|ON ‘Juawliredwi sAnubod pliw=|JIA 910N

'suoiIssas dnoJb [rews axnuiw

-06 AD{9am QT Jano palanljsp SJUBLUSSasSe
Buuren ABayens aaniubod uonuaAIBUL
Buizijin syps feneds-onsia -150d pue auljaseq SHSe) (o1wsuoyd
Aauanyy [eqian pue uoIoduUNy 8AINIAXa ‘Alowawl ‘leuswiiadxa  Aouaniy olwsuoyd pue d1juRWSS)
ur abueyd Juealyiubis Aj[eansiers oN 10} UOIIUBAIBIUI [epOW-NINA -1sen® pue d1UBWSS Aouanyy [equan 2T=IDN ZI=IDIN vg L00T 'Y3sIUB\
S1|NSayY UOIRI IUNWWOD UoIIUBA B | ubseg (S)ounsea N (s)urewoq 9|dwes 20Ul JoJoy

Uo7 IUNWIWOD

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Top Geriatr Rehabil. Author manuscript; available in PMC 2014 October 27.



