ResearchOnline@JCU

This is the Accepted Version of a paper published in the
journal Age & Ageing:

Law, Lawla L.F., Barnett, Fiona, Yau, Matthew K., and Gray, Marion A. (2014)

Effects of functional tasks exercise on older adults with cognitive impairment at

risk of Alzheimer's disease: a randomised controlled trial. Age and Ageing, 43
(6). pp. 813-820.

http://dx.doi.org/10.1093/ageing/afu055

=~ JAMES COOK
=~ UNIVERSITY

AUSTRALIA




Effects of Functional Tasks Exercise on Older Adults with Cognitive Impairment

at Risk of Alzheimer Disease — A randomized controlled trial

Abstract

Objective: The aim of this study was to compare the effects of a functional tasks

exercise program to a cognitive training program in older adults with mild cognitive

impairment.

Design: Asingle-blind randomized control trial with the intervention group compared

to an active control group.

Setting: Out-patient clinic.

Participants: Older adults with mild cognitive impairment (n = 83) aged 60 and older

living in the community.

Methods: Participants were randomized to either a Functional Task Exercise group

(n = 43) or an active cognitive training group (n = 40) for 10 weeks. All outcome

measures were undertaken at baseline, post-intervention and 6-month follow-up using

Neurobehavioral Cognitive Status Examination, Trail making test, Chinese Version

Verbal Learning Test, Category Verbal Learning Test, Lawton Instrumental Activities

of Daily Living Scale and Problems in Everyday Living test.



Results: The Functional Task Exercise group showed significant between-group
differences in general cognitive functions, memory, executive function, functional
status and everyday problem solving ability. The improvements were sustained over
time at 6-months follow-up.

Conclusion: A functional tasks exercise program is feasible for improving cognitive
functions and functional status of older adults with cognitive impairment. This may
serve as a cost-effective adjunct to the existing interventions for populations with mild
cognitive impairment.
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INTRODUCTION

The rising prevalence of cognitive impairment with age increases the potential impact

of dementia upon global health and health care. Individuals with mild cognitive

impairment (MCI) are at high risk of progressing to Alzheimer’s diseases and other

dementias, with reported conversion rate of 60%-100% in 5 to 10 years [1]. These

projections signify the need to identify effective interventions to delay or even revert

the disease progression in population with MCI.

The beneficial effects of physical activity/ exercise in improving the cognitive

functions of older adults with cognitive impairment or dementia have been reported.

However, diverse findings can still be found [2]. Snowden et al. (2011) reported in a

systematic review that evidence from the effects of physical activity/exercise on

cognition in older adults is still insufficient [3]. Nevertheless, there is increasing

evidence that exercise training in older adults increases cortical volume as well as the

plasticity of the human brain [4]. Surprisingly, studies found that although numerous

new neurons can be generated in the adult brain, about half of the newly generated

cells in the brain die during the first 1-4 weeks [6]. Research has found that spatial

learning or exposure to an enriched environment can rescue the newly generated



immature cells and promote their long-term survival and functional connection with

other neurons in the adult brain [6]. Animal studies have also shown that a

combination of exercise and an enriched environment induce a greater increase in

neurogenesis than either exercise or environmental enrichment alone [7].

Daily functional tasks are innately cognitive-demanding and involve components of

stretching, strengthening, balance and endurance as seen in traditional exercise

programs. Particularly, visual spatial functional tasks, such as locating a key or

finding the way through a familiar or new environment, demand complex cognitive

processes and play an important part in everyday living [8].

A structured functional tasks exercise program was developed [9] to facilitate the

cognitive functions of older persons with MCI. Details of the “FcTSim” program have

been reported previously [9] whereby simulated (Sim) functional tasks (FcT)

incorporated with exercise are used as an intervention. The FcTSim program involved

five levels of functional task movement including unilateral movement, bimanual

movement, task switching and body mid-line crossing. Participants were required to

perform simulated functional tasks (object placing and collection) following specific

patterns of a movement sequence. A chair rise movement is performed between each

table task movement to intensify the exercise demand as well as acting as an



interference to facilitate the training effect [10]. A brief description of the five levels
of movement is illustrated in Appendix 1.

It is hypothesized that functional tasks exercise can be used as a means of
cognitive-exercise intervention to influence different cognitive domains leading to
improvements in cognitive functions, whereby the functional tasks act as a cognitively
demanding activity to provide an enriched environment to influence cognitive

functions, further enhanced by the incorporated exercise component.

The aim of this study was to determine whether a functional tasks exercise program

can improve the cognitive functions of older adults with cognitive impairment at risk

of Alzheimer’s disease (AD).

METHODS

Study Design

The study was a single-blind randomized controlled trial. All outcome measures were

conducted by an assessor masked to the group status of the participants. After baseline

assessment, participants were randomized to the intervention group (functional tasks



exercise) or the active control group (existing cognitive training) according to a list of

computer-generated random numbers, which was concealed until completion of

baseline assessments. Ethics approval for this study was obtained from the James

Cook University Human Research Ethics Committee and the Hospital Authority

Research Ethics Committee.

Participants

The study was conducted from December 2011 to April 2013 in Hong Kong. Patients

with subjective memory complaint or suspected cognitive impairment were referred

by the out-patient clinic of the Department of Medicine and Geriatric. Older adults

(age 60+) with mild cognitive decline living in the community were eligible for the

study if they met the inclusion criteria for mild cognitive impairment (MCI) [11]: (1)

Memory/cognitive complaint as reported by the patients or the carers; (2) Objective

cognitive impairment in 1 or more domains as revealed by neuropsychological

assessment; but with (3) intact personal selfcare functions; (4) No confirmed

diagnosis of dementia. The exclusion criteria were: (1) History of brain lesion/

psychoactive substance abuse/co-morbid medical condition associated with cognitive/

functional decline; (2) Clinically significant depression; (3) Known psychiatric cause



of cognitive dysfunction; (4) Medical conditions which rendered patients unable to

engage in physical activity; (5) Undertaking medications with significant impacts on

cognitive function; and (6) Significant impairment of vision, hearing or

communication that might affect participation in the assessments or the program. All

the participants provided written informed consent.

Measurements

Assessments were undertaken at baseline, post-intervention at 11-12 weeks and

during follow-up at 6 months from the start of the intervention by an independent

assessor. Primary outcomes were the Chinese version of Neurobehavioral Cognitive

Status Examination (NCSE) [12], Chinese Version Verbal Learning Test (CVVLT)

[13], Category Verbal Fluency Test (CVFT) [14], Trail Making Test A (TMT-A) and

Chinese version Trail Making Test A (TMT-B) [15]. Secondary outcomes were the

Chinese versions of Lawton Instrumental Activities of Daily Living Scale (Lawton

IADL) [16] and Problems in Everyday Living Test (C-PEDL) [17]. To summarize the

performance of general cognitive functions, a NCSE Composite Score was calculated

by adding all subtest scores (maximum 82) and a NCSE normal domains score (0-10)



was calculated by adding up the number of domains scored normal [18].

Interventions

Functional Tasks Exercise (FCTSim) Group

The functional tasks exercise (FCTSim) program involved a total of 13 sessions in 10

weeks, facilitated by an occupational therapist. All sessions began with a 5-10 minutes

warm-up of light stretching, followed by a 30-minutes core functional tasks exercise

and a 5-10 minutes cool-down.

Active Control (AC) Group

This was an existing cognitive training program which involved a total of 6 sessions

(group of 3-4 members) over 10 weeks, facilitated by an occupational therapist and an

assistant. Each session included 30 minutes of computer-based cognitive training

(visual searching, forward-backward digit recall and calculation), and 30 minutes of

cognitive strategy training. Each session was supplemented with paper and pencil

home assignments. All the participants continued with their usual routine medical care.



Statistical Analysis

All analyses were performed using SPSS 19 (SPSS, Inc., Chicago, IL). Group

differences in demographics and all outcome measures at baseline were compared

using Independent Samples t-test and Fisher’s Exact Test when appropriate. Repeated

measures of Analysis of Variance (ANOVA) were performed to evaluate the

intervention effect by time from baseline to post-training and from baseline to

6-month follow-up. Analysis of covariance (ANCOVA) was performed to evaluate

the between-group differences at post intervention and 6-months follow-up, with

baseline score, age, education and exercise pattern as covariates. Post hoc Bonferroni

analyses were performed for all measures when significant between-group differences

were revealed. Cohen’s d was calculated to estimate the between-group effect sizes at

post-intervention and at follow-up. Data was analyzed according to the intention- to-

treat principle. Missing data for participants who did not complete the program were

replaced by the last available data (last observation carried forward). The statistical

significant level was set at p < 0.05 (two-tailed).

RESULTS



Participant Characteristics

A total of 211 potential participants were screened for eligibility. Figure 1 shows the
flow of participants. Eighty- three participants (50 female and 33 male), aged 60 to 88
years (mean = 73.8, SD = 7.1), were randomized into the intervention (FCTSim) group
(n = 43) or the active control (AC) group (n = 40). Baseline characteristics are
tabulated in Table 1. No significant baseline differences were found for demographic
characteristics (range p = 0.659 - 0.873) or neuropsychological assessment results

(range p = 0.203 — 0.910) between the two groups.

[Insert Figure 1 at about here]

[Insert Table 1 at about here]

Compliance

Of the 83 participants who completed the baseline assessment, 75 (90.4%)

participants performed the post-intervention evaluation, and 70 (84.3%) participants

attended the 6-month follow-up. Dropout rates did not vary significantly between the



groups at post- intervention (x? (1) = 2.54, p = 0.147) and during follow-up at

6-months (x? (1) = 2.73, p = 0.134). No adverse events were reported from either

group.

Effects of Interventions

Performance of the two groups for all outcome measures and the between-group
effect sizes are illustrated in Table 2. The results of repeated-measures ANOVA
revealed that the FCTSim group showed significant within-group improvements in all
outcomes at post-intervention and at 6-months follow-up. The AC group also showed
significant improvements in different outcomes except functional status or everyday

problem solving ability at post-intervention and at 6-months follow-up.

At post intervention, results of ANCOVA showed the FCTSim group demonstrated
significant between-group differences for general cognitive functions (NCSE
composite score; F (1, 77) = 11.02, P = 0.001 and NCSE normal domains; F (1, 77) =
14.64, P < 0.001), memory (CVVLT immediate recall; F (1, 76) = 5.05, P = 0.028 and
delayed recall; F (1, 75) = 5.49, P = 0.022), executive function (TMT-B; F (1, 77) =

4.13, P =0.045 and CVFT; F (1, 77) = 4.92, P = 0.029) and everyday problem



solving ability (C-PEDL,; F (1, 77) = 19.55, P < 0.001). When gender and ambulatory

level were included as covariates to control for confounding effects, a significant

between-group difference was also found for functional status (Lawton IADL; F (1,

75) = 3.99, P = 0.049).

Sustainability of Effects

During 6-months follow-up, significant between-group differences were still evident

in the FcTSim group for general cognitive functions (NCSE composite score; F (1, 77)

=5.19, P =0.025 and NCSE normal domains; F (1, 77) = 4.64, P = 0.034), memory

(CVVLT delayed recall; F (1, 75) = 4.24, P = 0.043), executive function (TMT-A; F

(1,77)=6.82, P = 0.011) and everyday problem solving ability (C-PEDL; F (1, 77) =

7.45, P = 0.008). The between-group effect size (range d = 0.31- 0.98) is shown in

table 2.

[Insert Table 2 at about here]

DISCUSSION



The aim of this study was to determine whether a functional tasks exercise program

can improve the cognitive functions of older adults with cognitive impairment at risk

of AD compared to an active training group. The FcTSim group had significantly

higher improvements in general cognitive functions, , functional status and problem

solving ability, eemparing-compared to theAC group, at post-intervention and with

small to very large effect sizes. The significant group effects on cognitive functions,

and everyday problem solving ability were also sustained at 6-months follow-up.

The promising findings of this study support previous studies that exposure to an

enriched environment/demanding tasks and exercise enhances cognitive functions and

leads to effects than having either exercise or environmental enrichment alone. [7,19].

Although the functional tasks involved in the FcTSim program are simple

placing/collection tasks that most people may do in their everyday life, complex

cognitive interplays are required to enable us to see, reach and place the objects to the

target positions [8]. These goal-directed actions require integration of information

(e.g., object identity and spatial orientation) and simultaneous manipulation of the

integrated information that demands intensive loads on the attentional and executive

resources to achieve the ongoing tasks [20]. Indeed, misplacing objects are commonly

reported in MCI and AD [21]. Simple daily tasks can be cognitively challenging to

persons with cognitive impairment.



Importantly, the FcTSim group showed significant between-group improvement in the

a number of normal cognitive domains. This further supports previous findings that

training may induce brain plasticity even in older adults with MCI [22].

Furthermore, the present study found that the greatest effect was observed on

everyday problem solving ability ard-with the improvement sustained at 6-months

follow-up. Everyday problem solving has been defined as a higher order executive

function and an important construct in everyday function that has been found

impaired in MCI compared to cognitively normal elderly [23, 24]. In line with the

improvement in problem solving ability, the FcTSim group also demonstrated

significant improvements in functional status at post-intervention although the

training gain decreased slightly to that of approaching significant level. Performance

in everyday problem solving is closely related to working memory that can be

facilitated through visuo-spatial training [25]. The significant improvement in

everyday problem solving performance might-may be associated with the working

memory gained through practice of the visual sequential patterns in the FcTSim

program. Further studies with assessments of working memory wit-are still be-needed

to verify this potential effects and correlation.

In addition, functional imaging studies have found that the brain is activated from the



frontal to the parietal lobe during visuo-motor sequence learning and retrieval [26].

These regions have been identified as responsible for attention/ executive functions as

well as episodic memory encoding and retrieval [27]. This may explain the

intervention effects of the FCTSim program on memory and executive functions.

AtlastLastly, the generalization effects on everyday problem solving ability and

functional status that-found in the present study supports resuts-from-previous studies

that-whereby the training effects through visuospatial tasks practice can be

generalized to non-trained tasks [25, 28]. It has been proposed that the transfer effect

to a non-trained task is+resulted-results from the involvement of attentional control,

which is essential for most cognitive functions [29]. Activation over the cerebral

cortex during training may then work as a common platform with increased cognitive

resources for non-trained tasks performance [30].

This study differs to previous similar studies with cognitively impaired patients in that

the intervention group was compared with an active cognitive training group. To the

authors’ best knowledge, this is the first program that uses cognitively challenging

functional tasks with exercise components, as a means of intervention for MCI. The

FcTSim program does not require any sophisticated equipment or tools for

implementation and has demonstrated the potential for cost-effectiveness and



acceptability of cognitive-exercise programs for this group.

Limitations

While the results of this study are promising, Fthere are limitations #-this-study-that

warrant mention. First, the stuey-samples population in the studyies were Chinese

older adults in Hong Kong and this limits the generalization of the results in other

populations. More studies in different countries are needed to further validate the

efficacy of using this newly developed program. Second, the small sample size did

not allow stratification of patients into more precise MCI sub-groups to examine and

compare the potential intervention effects across the clinical subtypes which may

demonstrate different responses to the same training exposure. Furthermore, the

post-intervention follow-up period of the present study was relatively short in view of

the long preclinical period of Alzheimer’s disease. Further larger scale studies with

extended follow-up period are needed to validate the sustainability of the training

gains, as well as to establish possible strategies to maintain or even promote

additional training gains. Another limitation was the absence of a no-treatment control

group to compare and understand fully the impact of the program.

CONCLUSION



In conclusion, findings from this randomized controlled trial showed that a functional

tasks exercise program using simulated functional tasks as intervention is feasible for

improving general cognitive functions, memory, executive functions, functional status

and everyday problem solving ability of older adults with mild cognitive impairment

at risk of Alzheimer’s disease. The improvements can be sustained over time after

completion of training. The newly developed functional tasks exercise program may

serve as a cost-effective adjunct in the existing interventions for population with mild

cognitive impairment.

Key Points

® Individuals with mild cognitive impairment (MCI) are at high risk of progressing

to Alzheimer’s diseases and other dementias

® A combination of exercise and an enriched environment induce a greater

increase in neurogenesis

® Daily functional tasks are innately cognitive-demanding and involve components

as seen in traditional exercise program.

® Functional tasks exercise may serve as a cost-effective adjunct in the existing



interventions for population with MCI.



Acknowledgements

The authors thank Mr. Maurice Wan and Mrs. Louisa Ma for their support to conduct
the study at Occupational Therapy Department of United Christian Hospital; Miss
Sally Liu CF, Miss Michelle Wu MS and Miss Samantha Leung for their assistance in
the data collection.

Conflicts of Interest

None declared.



References

1. Morris JC, Storandt M, Miller JP, et al. Mild cognitive impairment represents

early-stage Alzheimer disease. Arch Neurol 2001; 58: 397-405.

2. van Uffelen JG, Chin A Paw MJ, Hopman-Rock M, van Mechelen W. The effects

of exercise on cognition in older adults with and without cognitive decline: A

systematic review. Clin J Sport Med 2008; 18: 486-500.

3. Snowden M, Steinman L, Mochan K et al. Effect of exercise on cognitive

performance in community-dwelling older adults: Review of intervention trials

and recommendations for public health practice and research. J Am Geriatr Soc

2011; 59: 704-716.

doi: 10.1111/j.1532-5415.2011.03323.x.

4. Kramer AF, Erickson KI. Capitalizing on cortical plasticity: influence of physical

activity on cognition and brain function. Trends Cogn Sci 2007; 11: 342-348.

5. Dayer AG, Ford AA, Cleaver KM, Yassaee M, Cameron HA. Short-term and

long-term survival of new neurons in the rat dentate gyrus. J Comp Neurol 2003;

460: 563-572

6. Tashiro A, Makino H, Gage FH. Experience-specific functional modification of

the dentate gyrus through adult neurogenesis: a critical period during an immature

stage. J Neurosci 2007; 27: 3252-3259. doi: 10.1523/JNEUROSCI.4941-06.2007



7. Fabel K, Wolf SA, Ehninger D, Babu H, Leal-Galicia P, Kempermann G.

Additive effects of physical exercise and environmental enrichment on adult

hippocampal neurogenesis in mice. Front Neurosci 2009; 3 (50). doi:

10.3389/neuro.22.002.2009

8. Possin KL. Visual spatial cognition in neurodegenerative disease. Neurocase 2010;

16: 466—-487. doi: 10.1080/13554791003730600.

9. Law LL, Barnett F, Yau MK, Gray MA. Development and initial testing of

Functional Task Exercise on Older Adults with Cognitive Impairment at Risk of

Alzheimer Disease —FcTSim program a feasibility study. Occup Ther Int 2013.

DOI: 10.1002/0ti.1355

10. Zanto TP, Gazzaley A. Neural suppression of irrelevant information underlies

optimal working memory performance. J Neurosci 2009; 29: 3059-3066

11. Albert MS, DeKosky ST, Dickson D 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 2011; 7: 270-9. doi:

10.1016/j.jalz.2011.03.008.

12. Chan CC, Lee TM, Wong V, Fong K, Lee C. Validation of Chinese version

Neurobehavioral Cognitive Status Examination (NCSE). Arch Clin Neuropsych



13.

14.

15.

16.

17.

18.

19.

1999; 14: 71.

Chang CC, Kramer JH, Lin KN et al. Validating the Chinese version of the Verbal

Learning Test for Screening Alzheimer’s disease. J Int Neuropsych Soc 2010; 16:

244 - 251

Troyer AK, Moscovitch M, Winocur G. Clustering and switching as two

components of verbal fluency: evidence from younger and older healthy adults.

Neuropsychology 1997; 11: 138-146.

Lu L, Bigler ED. Performance on original and a Chinese version of Trail Making

Test Part B: a normative bilingual sample. Appl Neuropsychol 2000; 7: 243-6.

Tong AYC, Man DWK. The validation of the Hong Kong Chinese version of the

Lawton Instrumental Activities of Daily Living Scale for Institutionalized Elderly

Person. Occup Ther J Res 2002; 22: 132-142

Law LL, Barnett F, Gray MA, Yau MK (in press). Translation and validation of

Chinese version of Problems in Everyday Living (PEDL) Test in patients with

Mild Cognitive Impairment. Internat Psychogeriatr.

Ngkleby K, Boland E, Bergersen H et al. Screening for cognitive deficits after

stroke: a comparison of three screening tools. Clin Rehabil2008; 22: 1095-104.

Schaefer S, Schumacher V. The Interplay between Cognitive and Motor
Functioning in Healthy Older Adults: Findings from Dual-Task Studies and

Suggestions for Intervention. Gerontology 2011; 57: 239-246.



DOI: 10.1159/000322197

20. Jackson MC, Morgan HM, Shapiro KL, Mohr H, Linden DE. Strategic resource

allocation in the human brain supports cognitive coordination of object and spatial

working memory. Hum Brain Map 2011; 32: 1330-48. doi: 10.1002/hbm.21112.

21. Hampstead BM, Stringer AY, Stilla RF, Amaraneni A, Sathian K. Where did | put

that? Patients with amnestic mild cognitive impairment demonstrate widespread

reductions in activity during the encoding of ecologically relevant object-location

associations. Neuropsychologia 2011; 49: 2349-61.

doi: 10.1016/j.neuropsychologia.2011.04.008.

22. Belleville S, Clément F, Mellah S, Gilbert B, Fontaine F, Gauthier S.

Training-related brain plasticity in subjects at risk of developing Alzheimer's

disease. Brain 2011; 134: 1623-34. doi: 10.1093/brain/awr037

23. Sanchez-Benavides G, Gémez-Anson B, Quintana M et al. Problem-solving

abilities and frontal lobe cortical thickness in healthy aging and mild cognitive

impairment. J Internat Neuropsychol Soc 2010; 16: 836-845.

d0i:10.1017/S135561771000069X

24. Law L L, Barnett F, Yau M K, Gray MA. Measures of everyday competence in

older adults with cognitive impairment: A systematic review. Age and Ageing

2012, 41, 9-16. doi: 10.1093/ageing/afr104



25.

26.

217.

28.

29.

30.

Jaeggi SM, Buschkuehl M, Jonides J, Perrig WJ. Improving fluid intelligence with

training on working memory. Proc Nati Acad Sci USA 2008; 105: 6829-6833.

doi: 10.1073/pnas.0801268105

Sakai K, Hikosaka O, Miyauchi S, Takino R, Sasaki Y, Putz B. Transition of Brain

Activation from Frontal to Parietal Areas in Visuomotor Sequence Learning. J

Neurosci 1998; 18: 1827-1840.

Duarte A, Hayasaka S, Du A et al. Volumetric correlates of memory and executive

function in normal elderly, mild cognitive impairment and Alzheimer's disease.

Neurosci Lett 2006; 406: 60-5.

Kane MJ, Hambrick DZ, Tuholski SW et al. The generality of working memory

capacity: A latent-variable approach to verbal and visuo-spatial memory span and

reasoning. J Exp Psychol Gen 2004; 133: 189-217.

Halford GS, Cowan N, Andrews G (2007). Separating cognitive capacity from

knowledge: A new hypothesis. Trends Cogn Sci 2007; 11: 236-242.

Richmond LL, Morrison AB, Chein JM, Olson IR. Working Memory Training

and Transfer in Older Adults. Psychol Aging 2011; 26: 813-822.



