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Abstract

Objectives—Older adults with dementia experience progressive functional decline, which
contributes to caregiver burden and nursing home placement. The goal of this systematic review
was to determine if any non-pharmacologic interventions have delayed functional decline among
community-dwelling dementia patients.

Method—We completed a systematic literature review to identify controlled clinical trials
reporting the impact of non-pharmacologic interventions on any measure of functional impairment
or disability among community-dwelling dementia patients. We included studies that reported any
proxy-respondent, self-reported, or performance-based standardized assessments.

Results—We identified 18 published clinical trials that met inclusion criteria and found that
study interventions fell into three different groups: occupational therapy, exercise, and multi-
faceted (“other”) interventions. The three groups of studies tended to vary systematically
regarding the conceptual framework for the disabling process, target of intervention, and type of
outcome measure. Approximately half the studies were conducted in the US with mean sample
size of 99 (from 27 to 1131) and follow-up periods between three months and two years.
Instruments used to measure functional impairment or disability varied widely with 55 instruments
across 18 studies. Nine studies reported a statistically significant improvement in functional
decline in the intervention group.

Conclusion—The current literature provides clinical trial evidence that non-pharmacologic
interventions can delay progression of functional impairment or disability among community-
dwelling dementia patients. The clinical significance of this early evidence is uncertain. These
early studies provide rationale for larger and longer-term studies to determine if these
interventions are sufficiently potent to delay institutionalization.
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Introduction

Approximately 3.8 million Americans suffer from dementia and 60-80% of these cases are
believed to be due to Alzheimer’s disease (Plassman, 2007). According to the Alzheimer’s
Association, over 15 million Americans currently provide unpaid care for family members
with dementia. These informal or family caregivers often become “secondary patients” due
to the stress of caregiving (Vitaliano, 2003). An NIH Consensus Conference concluded that
there are no treatments demonstrated to alter the pathophysiology of Alzheimer’s disease
and related dementias and there are no known effective preventive strategies (http://
consensus.nih.gov/2010/alzstatement.htm). Although cholinesterase inhibitors may improve
some aspects of cognitive and behavioral function for some patients, the clinical impact of
these medications remains both modest and controversial (Raina, 2008). In addition, recent
systematic reviews suggest that several classes of medications previously recommended for
the treatment of behavioral and psychological symptoms of dementia have either
unacceptable adverse effects and/or uncertain efficacy (Banerjee, 2011; Fox, 2012;
Schneider, Dagerman, Insel, 2005; Schneider, Tariot, Dagerman, Davis, Hsiao, et al., 2006;
Sink, 2005; Weintraub et al., 2010). The limited efficacy of pharmacologic interventions is
placing renewed emphasis on the role of informal caregivers and non-pharmacologic
strategies to care for a growing population of older adults with dementia. The term “non-
pharmacologic” encompasses a broad range of services delivered to the patient, the
caregiver, or the patient-caregiver dyad- the term encompasses essentially all interventions
that are not captured in a pharmacopeia.

A central premise of both pharmacologic and non-pharmacologic interventions is that, even
if the underlying pathophysiology cannot be altered, patients and their formal and informal
caregivers can help the patient adapt to functional limitations and thereby delay disability. In
the classical depiction of the disabling process, patients develop pathology that leads to
impairments which may then lead to functional limitations and disability (Verbrugge, 1994).
In this model, impairments are at the level of tissues and organs while functional limitations
are at the level of the whole person. Disability implies a social or environmental context in
that the functional limitations must limit social roles (e.g. self-care) before they are regarded
as a disability (Guralnik, 2003). The central nervous system pathology due to the dementing
illness is posited to lead to disability through impairments in the central nervous system that
lead to functional limitations, such as loss of mobility. Functional decline in the form of
increasing functional limitations may lead to disability. Disability may reach a level that
leads to loss of independence and eventually placement in long-term care for persons with
advanced dementia. Permanent placement in long-term care is often termed
institutionalization in the extant literature. The US Census defines an “institutionalized
person” as “persons under formally authorized, supervised care or custody in institutions at
the time of enumeration.”

Within the concept of “functional limitations,” researchers may include a variety of
subdomains including mobility, balance, muscle strength, motor processing, cognition,
nutrition, endurance, and physical performance (Ferruci, 2004). Within the concept of
“disability,” researchers may include subdomains such as self-care, activities of daily living,
and other recreational, vocational, or social roles (Gill, 2010). A wide variety of instruments
is available to measure each of the constructs in this disability framework among older
adults (Ferruci, 2004). Published studies vary in their use of disability frameworks and in
their definitions of subdomains. Interventions to prevent or delay disability among older
adults with dementia may attempt to improve a functional limitation directly (e.g. strength
training for lower extremity weakness) or alter the environment through assistive devices
(e.g. bath chair) or by improving the skills of the caregiver (e.g. education in wheelchair to
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bath chair transfers). For simplicity of presentation, we use the term “functional decline” to
encompass the movement of patients along this disability pathway.

In a prior clinical trial of collaborative care for older adults with Alzheimer’s disease, we
demonstrated that a combination of pharmacologic and non-pharmacologic interventions
could improve behavioral and psychological symptoms of dementia and reduce caregiver
stress (Callahan et al., 2006). However, the intervention did not delay disability as assessed
by the Alzheimer’s Disease Cooperative Study Group Activities of Daily Living scale. Prior
studies have shown that functional limitations defined by the loss of mobility among nursing
home patients can be slowed by physical exercise (Koroknay, Werner, Cohen-Mansfield, &
Braun, 1995; Rolland et al., 2007; Tappen, Roach, Applegate, & Stowell, 2000). Such
outcomes are less certain among older adults with dementia and those living in the
community. Smits et al. published a systematic review of combined interventions for people
living at home with dementia and their caregivers (Smits, 2007). The research team
identified 22 programs meeting the study criteria but only four of the studies reported
outcomes relevant to functional limitations or disability and only one reported significant
improvements in some aspect of functional limitations. Other reviews of this literature
suggest that any impact on the patient’s functional limitations is domain-specific (Ayalon,
2006; Gitlin, Winter, Dennis, Hodgson, & Hauck, 2010b; Pinquart & Sorensen, 2006;
Thompson, 2007).

The purpose of the current study is to systematically review the literature to identify
randomized clinical trial evidence demonstrating the impact of non-pharmacologic
interventions on functional decline among community-dwelling older adults with dementia.
We sought to identify studies that assessed functional limitations (e.g. muscle strength) or
disability (e.g. activities of daily living) or combinations of these constructs. We also sought
to delineate between studies measuring actual patient performance from those measuring
self-reports from patients or caregivers.

Search Terms

The Pubmed database was used to search for randomized controlled trials in English,
eliminating studies with no human subjects. The search terms for population included
“dementia” [MeSH] or “cognitive impairment” or “Alzheimer*.” These were combined with
the intervention terms “motor activity” [MeSH] or “rehabilitation” [MeSH] or “physical
therapy modalities” [MeSH] or “nonpharmacologic*” or “non pharmacologic*.” A research
librarian assisted with the development of search terms. We used the PICOT framework for
designating the inclusion and exclusion criteria for reviewed studies (Rios, 2010). This
framework requires the naming of the Population, Intervention, Comparison groups,
Outcomes, and Time frame for articles that would be potentially acceptable for inclusion in
the review. Articles were initially reviewed by title and 308 were excluded because they met
the PICOT exclusion criteria as shown in Table 1. The remaining 105 articles were then
reviewed by abstract. Twenty-eight studies fit the inclusion criteria and underwent full
review. Ten articles were eliminated after full review, leaving 18 that fit all the inclusion
criteria (Table 1).

Study Selection

Only English-language studies focusing on subjects with dementia were included. Studies
that included other neurodegenerative diseases were eliminated, including participants with
mild cognitive impairment, vascular cognitive impairment, and Parkinson’s disease. If an
identified study was limited to subjects with vascular dementia, stroke, Parkinson’s disease,
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Huntington’s disease, or other progressive neurologic conditions, we excluded that study
because these patients are considered to have distinctly different conditions. If the study
included subjects with Alzheimer’s disease and those with mixed dementia, we included the
study. Participants had to be community-dwelling with access to a primary (informal)
caregiver. Studies focusing on nursing home or hospital settings were excluded. Any non-
pharmacological intervention that had at least one primary outcome measuring any domain
of functional limitations or disability was included. We included studies using self-reported
measures as well as those using performance-based assessments. Any drug-based
interventions were eliminated, but applicable studies including patients with stable
medication dosages or studies that included multi-faceted interventions were not eliminated.
All included trials were randomized controlled trials.

Data Extraction and Quality Assessment

RESULTS

The sample size, location of the study, inclusion and exclusion criteria, intervention,
outcome measures, and results were abstracted using a standardized form. Two reviewers
graded the included articles using the Cochrane rating approach to determine the strength of
evidence and risk of bias. We describe this approach briefly here. Articles are graded “A” if
they are randomized, placebo-controlled with allocation-concealed. Articles are graded “B”
if they a randomized, placebo-controlled and did not describe allocation concealment. The
risk of bias was determined by analyzing the articles across seven criteria: type of controls,
blinding methods, outcome reporting, well-defined inclusion criteria, rate of attrition, risk of
confounding bias, and intention to treat analysis. These were based on Grading of
Recommendations Assessment, Development and Evaluation (GRADE) criteria for
determining strength of evidence and Agency for Healthcare Research and Quality (AHRQ)
methods for grading strength of evidence when comparing medical interventions (Guyatt,
2010; Owens, 2010).

Eighteen studies met all inclusion criteria, and study characteristics are shown in Table 2.
After reviewing study characteristics, we found that studies fell into three major groups: (a)
seven studies focusing on occupational therapy interventions; (b) six studies focusing on
exercise; and (c) five studies of multi-faceted interventions. As shown in Table 2, most
studies enrolled fewer than 250 subjects and had follow-up periods of less than twelve
months. Half of the eighteen studies were completed outside of the US; half of the studies
from within the US were from the Philadelphia REACH program.

Studies of Occupational Therapies

Seven randomized controlled trials were identified that examined an occupational therapy
intervention to maintain physical function in dementia patients. These interventions were
evaluated using various self-report scales, including activities of daily living. All
interventions were performed for five weeks or fewer, and all reported positive, significant
increases in abilities or quality of life, except for one in a study by Gitlin in 2003 (Gitlin et
al., 2003).

Quality of Studies of Occupational Therapies

Two high quality RCTs (grade A) were identified. Both were evaluated to have a low risk of
bias. One high quality article referred to study, in which an occupational therapist used five
home visits and one phone call with the patient and caregiver to optimize the home
environment for ADL performance (Graff et al., 2007; Graff et al., 2006). The article
reported improved daily functioning based on the Assessment of Motor and Process Skills
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test (Graff et al., 2006). The other study performed a customized activity program based on
functional testing and reported a trend towards increased quality of life (Gitlin et al., 2008).

Five trials were given Grade B, four with a medium risk for bias and one with a low risk.
The study with low risk for bias showed fewer declines in IADLs following an intervention
with a competence environmental press framework (improving the environment to aid
patient’s functional ability and behavior) and OT training for ADLs and behavior (Gitlin,
Corcoran, Winter, Boyce, & Hauck, 2001). In a 2010 study by Gitlin, the intervention group
showed a moderate effect of IADL improvement using a modification of the Functional
Independence Measure (Gitlin, Winter, Dennis, Hodgson, & Hauck, 2010a). It used a Care
of Persons with Dementia in their Environments (COPE) intervention, which included 10
OT sessions, two nurse lessons, assessments, caregiver training, and other information on
caring for dementia patients (Gitlin et al., 2010a). In another study by Gitlin in 2005, the
intervention group had improved skill and needed fewer days of ADL help after being
trained in six OT sessions designed to support function and modify home environment
(Gitlin, Hauck, Dennis, & Winter, 2005). In another study at medium risk of bias, an
intervention of one OT visit and one psychologist visit reported that twelve months later, the
intervention group’s activities of daily living function had decreased less and the control
group’s caregivers required more help from others (Nobili et al., 2004). A study by Gitlin in
2003 reported an insignificant change in ADL help requirements, but showed less caregiver
need for assistance and less behavioral upset in patients (Gitlin et al., 2003).

Studies of Exercise Interventions

Six randomized controlled trials were identified that examined an exercise intervention in
community-dwelling dementia patients. These interventions included a variety of training
methods, such as aerobic exercise (usually walking), resistance training or weightlifting, and
balance and flexibility training. Multiple functional outcome measurements were used, such
as chair stand tests (STS), timed up and go (TGUG), and timed walking tests. All exercise
interventions were for three months, except for the Kwak study, which ran for 1 year (Kwak,
Um, Son, & Kim, 2008). All exercise interventions reported positive significant results in at
least one primary outcome for functional performance.

Quality of Studies of Exercise Interventions

Of the six RCTS identified, four gave grade A evidence. One study used resistance and
functional ability training in a group setting, and showed improved max-leg press ability and
improved speed on the 5-chair stand test (Hauer et al., 2012). Another study used an
intervention of walking, strength training, balance and flexibility, and reported significant
improvement on the Jebsen total time measure, which is a hand function test that correlates
to ADL ability (Steinberg, Leoutsakos, Podewils, & Lyketsos, 2009). The third study used a
dual task based (DTC) exercise intervention, which had patients perform a mental and a
physical task at the same time (Schwenk, Zieschang, Oster, & Hauer, 2010). With specific
training, the intervention group improved their DTC performance under complex S3
conditions, showing an increase in gait speed (Schwenk et al., 2010). The fourth study
showed that aerobic and endurance training improved scores in physical functioning, based
on SF-36 health survey (Teri et al., 2003).

The other two articles were grade B studies with medium risk of bias. One study showed
that a year of participation in a regular exercise program enhanced ADL scores (Kwak et al.,
2008). The other study showed that group moderate physical activity improved TGUG
scores compared to just social activity, even in severely demented patients (Netz, Axelrad,
& Argov, 2007). A trend for improved STS and functional reach (FR) was seen as well,
although some of the severely demented patients were unable to perform the FR in the last
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measurement because they could not understand the directions for the test (Netz et al.,
2007).

Studies of Other Interventions

Five randomized controlled trials were identified that instituted “other” types of intervention
to maintain physical function in dementia patients. These articles included two caregiver-
training programs, one program that provided collaborative care, one that provided advice
on problem management, and one that provided sessions with cognitive exercise and
psychomotor activities. Two studies were rated grade A and three grade B. These
interventions yielded mostly non-significant results with regards to physical function;
however, one of these articles reported positive results in non-physical outcomes (Callahan
et al., 2006; Gavrilova et al., 2009).

Quality of Studies of Other Interventions

Two high quality articles were identified from the other interventions category. A
collaborative care management program, which gave caregivers advice on handling
problems they might face, resulted in fewer behavioral problems and less caregiver stress,
but no change in ADL ability or nursing home placement time (Callahan et al., 2006). The
second high quality article, which reported on the use of cognitive exercises and
psychomotor activities, indicated both cognitive and functional benefits on ADAS-Cog and
Functional Activities Questionnaire, although the functional benefits were not significant
(Olazaran et al., 2004).

The three remaining articles were classified as grade B evidence. One article did not report
on attrition and had poorly described randomization, outcomes, and inclusion criteria, so the
risk of bias is high on its report of increased self-care ability on an IADL scale following a
caregiver education and behavior intervention program (Burgener, Bakas, Murray, Dunahee,
& Tossey, 1998). One study used a caregiver training intervention and reported no
significant difference in IADL ability or independent living (Martin-Cook, Davis, Hynan, &
Weiner, 2005). The third grade B study’s intervention provided a comprehensive
consultation twice a year, which delivered advice on problem management (Nourhashemi et
al., 2010). This study reported no change in the rate of functional decline after two years
(Nourhashemi et al., 2010).

Clinical Significance of Interventions

Schulz et al defined clinical significance as “the practical value of the effects of an
intervention, or the extent to which an intervention makes a real difference in the everyday
life of an individual” (Schulz, 2002). Although many of the reviewed studies did
demonstrate statistical significance between groups on self-reported or performance-based
measures of physical functioning, the clinical significance of these outcomes is less certain.
In the literature reviewed here, there are three concerns about clinical significance. First,
none of the reviewed studies was designed to demonstrate whether improvements in
physical function translated into delayed institutionalization. Delayed institutionalization is
not the only distal outcome of interest, but because of the importance of delaying nursing
home placement for patients, families, and payers, this outcome is often seen as a goal of
interventions among older adults with dementia. Second, even among the more proximate
outcome measures such as activities of daily living, researchers relied on self-reports or
proxy-reports of function rather than direct measurement. Because these interventions
cannot be double-blind, the potential for bias exists in the self-report measures. In addition,
some interventions focus on specific muscle groups or domain-specific tasks believed to be
important determinants of disability rather than focusing on actual function at the level of
the individual. Third, although some studies report statistical significance, the standardized
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effect sizes are often small to modest. Table 3 displays the effect sizes that we were able to
calculate based on data reported in the original study. The effect sizes vary widely among
the reviewed studies but in general effect sizes are higher for those outcomes that would be
considered domain-specific and weaker for those studies reporting disability outcomes such
as activities of daily living. Costs and burdens of the intervention as well as risks and
benefits of the intervention are also considerations in interpreting clinical significance
(Cohen, 1988; Kraemer, 2006; Samsa, 1999). We did not calculate a weighted mean effect
size across all studies or even among the three subgroups because the sample populations,
interventions, and outcomes measures across these studies are heterogeneous.

CONCLUSIONS

This systematic review sought to identify clinical trial evidence of any interventions that
improved, maintained, or slowed the rate of functional decline among community-dwelling
patients with dementia. Studies from both the exercise and occupational therapy literature
reported statistically significant differences between study groups and thus, at minimum, the
literature supports a “proof of concept” that the functional decline associated with dementia
can be delayed. The clinical significance of the reported differences in functional
impairment or disability between treatment groups remains uncertain. Dementia is a
progressive illness that results in disability and death typically over a period of 5-10 years.
Because there are no current preventive measures or treatments to slow the pathologic
process of dementia, interventions that might delay disability and loss of independence are
of great importance.

Many different sample populations, interventions, and outcome measures were used among
the studies identified in this review. For this reason, we adjudged that it was inappropriate to
conduct a quantitative summary of results across all studies (Eysenck, 1994). We did
identify several patterns among study designs and results. Exercise interventions tended to
target training to large muscle groups to improve the ability to walk, transfer, and go up and
down stairs. Exercise trials also tended to use performance-based measures of functional
limitations, reported statistically significant results, and highlighted mobility as the key to
maintain independence (Hauer et al., 2012; Steinberg et al., 2009). Occupational therapy
interventions were typically aimed at improving both the home environment and the
patient’s ability to perform. Occupational therapy and the “other” category interventions
most often used self-report measures of activities of daily living and thus focused on
assessing disability. Studies differ in their targeted interventions but also in outcomes
measures and the conceptual frameworks by which they sought to maintain independence. In
the future, it may be helpful to standardize the outcome measures used to measure functional
limitations and disability across interventions, or at least use one or more standardized
measures across all studies.

While several studies included in this review reported statistically significant findings, the
clinical relevance of these findings is less clear. As reported in Table 3, the occupational
therapy studies reported effect sizes ranging from —-0.222 to 2.5; exercise interventions
reported effect sizes ranging from 0.07 to 1.107; and the “other” category reported effect
sizes from 0.055 to 2.014. In a recent review of pharmacological interventions for dementia,
effects sizes for medications ranged from —1.25 (favors drug intervention) to 0.02 (favors
placebo) (Trinh, 2003). In general, effect sizes of 0.2 are considered to have small clinical
significance, while effect sizes of 0.5 have moderate clinical significance (Perera, 2006;
Rockwood, 2001). With reference to clinical significance of the studies reviewed here, most
studies were not designed to demonstrate that differences in functional decline translated
into differences in rates of independent living or nursing facility utilization.
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Due to the progressive nature of Alzheimer’s disease, the severity of illness in study
participants must also be taken into account. The outcomes among studies enrolling more
severely demented patients could be different than those enrolling subjects earlier in the
course of their illness. Conversely, positive results found in mild to moderately impaired
patients may not translate to severely demented patients (Hauer et al., 2012). Because
patients are declining over time, an intervention may have a limited window of opportunity
to slow functional impairment or disability. Most of the studies reviewed here are of short
duration compared to the course of the illness, but the progression of the illness may also
limit the subject’s ability to participate in the intervention. In one study, some participants
were unable to perform the functional reach test in a fourth follow-up assessment due to the
progression of their cognitive impairment (Netz et al., 2007). These circumstances can make
it difficult to obtain results that generalize to the entire dementia population. Extending
follow-up length would allow long-term prognoses to be studied to determine if both the
interventions and results are maintainable.

Excepting one study with an enrollment of 1,131 (Nourhashemi et al., 2010), the average
study size was small at approximately 100 subjects and most studies were single site trials.
Most were also located in large cities and to centers with uncertain referral patterns. Larger
trials with a recruitment process that targeted more representative populations might also
provide more opportunity for subgroup analysis, where the effect of potential confounders
like age, gender, and caregiver demographics can be studied. Further research could also
include combining an exercise intervention with occupational therapy to target both the
underlying functional limitation and the environment. Finally, an important area for future
research would be to understand the biological basis of the impact of these interventions
including a better understanding of whether the intervention alters the patient’s actual
functional limitation or improves their adaptation to the environment.

Overall, both occupational therapies and exercise interventions were shown to slow
functional decline, but the successes were measured with different theories about what is
needed to maintain independence. While slowing functional decline is of primary
importance to preventing institutionalization (ADL deterioration was found to be a better
predictive measure than cognitive deterioration for nursing home placement) (Wattmo,
Wallin, Londos, & Minthon, 2011), it is still only one of many factors that can complicate
the decision for long-term care, including medication dosage, gender of patient and disease
severity (Wattmo et al., 2011), and the resources of the home environment. For the trials
analyzed in this systematic review, related outcomes demonstrated that interventions not
only slow the rate of functional decline, but also have the potential to improve quality of life
and decrease caregiver burden (Callahan et al., 2006; Gitlin et al., 2008; Gitlin et al., 2003;
Graff et al., 2007). Although no direct link between delaying functional limitations or
disability and delaying institutionalization was found in these studies, the success of
interventions like exercise and occupational therapy in Alzheimer’s patients to delay
functional decline merits further study.
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Pubmed search: 413
references

413 articles reviewed
by title

308 articles removed
using exclusion
parameters

105 articles reviewed
by abstract

77 articles removed
using exclusion
parameters

¥

10 articles removed
using exclusion
parameters

28 articles included for
full review

Figure 1.
Flow chart of included articles.

18 articles were kept
for analysis
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Table 3
Effect sizes of non-pharmacologic interventions
Study Outcome measur ement Effect size
OT studies (Disability measures)
Gitlin 2001 ADL dependence -0.222
IADL dependence -0.437
Gitlin 2005 Days receiving caregiver help --
Gitlin 2008 Activity engagement 0.61
Gitlin 2003 IADL functional 0.048
Gitlin 2010 IADL dependence 0.43
Graff 2006 AMPS process 25
Nobili 2004 --
Exer cise studies (Functional |mpairment measur es)
Hauer 2012 1RM 0.18
TGUG 0.07
Walking speed 0.15
Kwak 2008 Muscle strength 1.107
Netz 2007 TGUG 0.426
Schwenk 2010 Motor (gait speed) + cognitive performance | 0.982
Steinberg 2009 YPAS --
Teri 2003 SF-36 0.591
SIP Mobility 0.047
Other studies (Disability measures)
Burgener 1998 Total intervention --
Callahan 2006 ADL 0.231
Martin Cook 2005 ILS 2.014
Nourhashemi 2010 ADCS-ADL 0.055
Olazaran 2004 FAQ --
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Notes: ADL, activities of daily living; IADL, instrumental activities of daily living; D-QOL, Dementia-Quality of Life; AMPS, Assessment of
Motor and Process Skills; 1RM, 1RM, 1 rep max test; TGUG, Timed up and go test; YPAS, Yale Physical Activity Survey; SF-36, Short-form
(36); SIP, Sickness Impact Profile; DEM-QOL, Dementia Quality of Life scale, ILS, Independent Living Scale; Alzheimer’s Disease Cooperative
Study-Activities of Daily Living; FAQ, Functional Activities Questionnaire.
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