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Abstract
Background
Epidemiologic evidence suggests that cognitive and physical activities are associated with
better cognition in late life. The present study was conducted to examine the possible benefits of four structured lifestyle activity interventions and compare their effectiveness in optimizing cognition for older adults with mild cognitive impairment (MCI).

Method and Findings
This was a 12-month cluster randomized controlled trial. 555 community-dwelling Chinese
older adults with MCI (295 with multiple-domain deficits (mdMCI), 260 with single-domain deficit (sdMCI)) were recruited. Participants were randomized into physical exercise (P), cognitive activity (C), integrated cognitive and physical exercise (CP), and social activity (S, active
control) groups. Interventions comprised of one-hour structured activities three times per
week. Primary outcome was Clinical Dementia Rating sum of boxes (CDR-SOB) scores. Secondary outcomes included Chinese versions of Alzheimer’s Disease Assessment Scale Cognitive subscale (ADAS-Cog), delayed recall, Mini-Mental State Examination, Category
Verbal Fluency Test (CVFT) and Disability Assessment for Dementia – Instrumental Activities
of Daily Living (DAD-IADL). Percentage adherence to programs and factors affecting adherence were also examined. At 12th month, 423 (76.2%) completed final assessment. There
was no change in CDR-SOB and DAD-IADL scores across time and intervention groups.
Multilevel normal model and linear link function showed improvement in ADAS-Cog, delayed
recall and CVFT with time (p<0.05). Post-hoc subgroup analyses showed that the CP group,
compared with other intervention groups, had more significant improvements of ADAS-Cog,
delayed recall and CVFT performance with sdMCI participants (p<0.05). Overall adherence
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rate was 73.3%. Improvements in ADAS-Cog and delayed recall scores were associated with
adherence after controlling for age, education, and intervention groups (univariate analyses).

Conclusions
Structured lifestyle activity interventions were not associated with changes in everyday
functioning, albeit with some improvements in cognitive scores across time. Higher adherence was associated with greater improvement in cognitive scores. Factors to enhance adherence should be specially considered in the design of psychosocial interventions for older
adults with cognitive decline.

Trial Registration
ClinicalTrials.gov ChiCTR-TRC-11001359

Introduction
It is estimated that 35.6 million people lived with dementia worldwide in 2010, and the number
will double every 20 years.[1] The rising prevalence has made prevention of neurodegenerative
dementias a major public health concern. No pharmacological treatment, including cholinesterase inhibitors, has been found to be effective in delaying the onset of dementia at present.
[2,3] It is therefore not surprising to see an increasing interest in the research on modifiable
lifestyle factors that are suggested by epidemiological data to be potentially protective against
cognitive decline.[4–9] The number of randomized controlled trials examining the efficacies of
lifestyle interventions in improving cognitive function has remained limited, partly because of
the methodological complexity in study design.[10]
Evidence shows that a higher level of lifestyle activity participation, especially cognitive and
physical activities, may help to preserve cognition at late life. The beneficial effects of physical
exercise may act through fostering cardiovascular fitness with improvement in cerebral circulation, and enhancing neuroplastic responses through physiological changes that involves the
brain-derived neurotrophic factor. Similarly, cognitive activity participation is associated with
better cognition, which is also postulated to be related to neuroplasticity changes and neuronal
stimulation in relation to activities that demands high cognitive load.[4–10] Interestingly, the
protective effect of these activities appears to be independent of known pathological burden of
Alzheimer’s disease, which opens up an option for adjuvant interventions that act through
pathways other than the amyloid or tau pathologies.[11] While the findings are encouraging, it
is not easy to administer lifestyle interventions to promote cognitive health in older adults.[12]
Firstly, alterations in lifestyles are hard to achieve, and even more difficult to sustain. This becomes especially challenging to people who have already experienced cognitive decline. Secondly, though laboratory-based paradigms of cognitive training may bring about positive
benefits, they are frequently abandoned upon completion of the clinical trials and are difficult
to be translated into lifestyle changes. Thirdly, there is limited information as to how and
which lifestyle activities may benefit cognition at different stages of impairment. It is therefore
difficult for clinicians to recommend appropriate activities for clients seeking advice on lifestyle
modifications that may enhance cognitive health.
The present study explored the above issues with a cluster randomized controlled trial
(RCT) of a structured lifestyle activity intervention in Chinese older adults with mild cognitive
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impairment (MCI). In this study, we organized the activity interventions, which comprised a
selection of leisure activities indigenous to the local community, with simple structured schedules. Based on available research findings of physical exercise and cognitive activities, four intervention groups with activity schedules consisting of Cognitive (C), Physical (P), integrated
Cognitive-Physical (CP) and Social (S) activity programs were designed. The S group served as
active control for the nonspecific effects of psychosocial intervention. We hypothesized that
single modality C or P programs would be associated with better cognitive and functional outcomes over S program, and dual modality CP program would be better in efficacy over the
C or P programs. The four intervention groups were compared for their cognitive and functional outcomes. Factors associated with adherence to programs, and the impacts of adherence
on cognitive outcomes, were also evaluated.

Methods
Ethics Approval
The study obtained approvals from the Survey and Behavioral Research Ethics Committee
(SBREC 28 March 2011), and the Joint CUHK-NTEC Clinical Research Ethics Committee of
the Chinese University of Hong Kong (5 May 2011). Written informed consent was obtained
from all participants before commencement of study. The first group of subject recruitment
started in April 2011 after obtaining ethics approval from SBREC and registration with the university clinical trial registry (CUHK CCT Clinical Trials Registry). The trial was registered
under the Chinese Clinical Trial Registry CLINICAL TRIAL IDENTIFIER: ChiCTR-TRC11001359 (http://www.chictr.org/en/proj/show.aspx?proj=47). The authors confirm that all
ongoing and related trials for this intervention are registered. The protocol for this trial and
supporting CONSORT checklist are available as supporting information (See S1 CONSORT
Checklist and S1 Protocol).

Design
This study adopted a single blind cluster RCT design of 12-month duration. Participant recruitment started in April 2011 till August 2011. Intervention started in July 2011, and the last
observations were completed in September 2012.

Recruitment centers and participants
Participants (aged 60 years or over) were recruited through social centers for elders through
three non-governmental organizations in Hong Kong. Eligible participants should satisfy all of
the following criteria:
1. Participants should have mild cognitive impairment (MCI) as defined by the presence of
subjective cognitive complaints, and objective impairments in cognitive function. The impairment of episodic memory was set at > = 1.5 standard deviation (SD) below educationand age-matched normal subjects.[13] Non-memory cognitive domains included category
verbal fluency test, attention span. Impairments for MCI in these domains were set at > = 1
SD below matched norms according to a previous study of epidemiological sample.[14] Participants were categorized into MCI-single domain deficit (sdMCI) or MCI-multiple domain
deficits (mdMCI) according to their baseline cognitive performance. The sdMCI group exhibited deficit in only one cognitive domain (memory or non-memory) was impaired. The
mdMCI group had impairments in more than one cognitive domain.
2. Participants should be physically stable as assessed by the psychiatrist of the research team.

PLOS ONE | DOI:10.1371/journal.pone.0118173 March 31, 2015

3 / 17

Structured Lifestyle Activity Interventions on Cognition Function

The exclusion criteria included a diagnosis of dementia and CDR > = 1,[15] concurrent
treatment with anti-dementia medications or has been receiving other types of cognitive training at the time of study. Participants who did not attend the activity assigned due to physical
health reasons, lack of interests or moving out of the usual place of residence, were considered
as dropouts.

Randomization and Group Assignment
Participants were recruited and allocated into activity groups (size 12 to 15) in social centers
near to their place of residence. The activity groups were then randomly assigned to different intervention (P, C, CP, S) groups in a block of 4 to ensure a balance in assignment of interventions.
The PI (LCWL) generated the randomization code for each center. Participants were not stratified according to cognitive status (sdMCI and mdMCI). Designation of sdMCI and mdMCI was
made according to the baseline cognitive status after randomization of intervention program.
Interventions were conducted in groups at the participating social centers, and supplemented by home-based activities. Thirty-three lifestyle leisure activities commonly endorsed
by Chinese older adults were categorized into cognitive, physical, social and recreational activities according to a lifestyle activity reference list recently developed through focused group discussions and survey of cognitively healthy Chinese older adults in Hong Kong (S1 Appendix).
[16] Cognitive activities were leisure activities with consensus of higher demands on cognitive
efforts (e.g. reading, calligraphy, playing a musical instrument). Physical exercises refer to aerobic exercise, mind body exercise, resistance training, stretching and toning (e.g. cycling, brisk
walking, Tai Chi). Social activities refer to activities having a social component but with low
physical or cognitive demands (e.g. tea gathering or shopping with friends). For each intervention program, activities were selected from the corresponding category with the following
schedule:
1. The Social (S) group attended a selection of social activities from the reference list (e.g. tea
gathering, film watching). The participants were arranged to attend at least three one-hour
social activity sessions per week. It served as the active control arm.
2. The Cognitive (C) group attended cognitively demanding activities selected from the reference list (e.g. reading and discussing newspapers, playing board games). In each week, at
least three cognitive activity sessions were arranged.
3. The Physical (P) group was arranged to have physical exercise practice. The exercise schedule comprised one stretching & toning exercise, one mind body exercise (e.g. Tai Chi) and
one aerobic exercise session (e.g. static bicycle riding) in a week. Each exercise session lasted
for an hour;
4. The integrated Cognitive-Physical (CP) group took part in one cognitive and two types of
mind body exercise. For any week, three one-hour sessions were arranged.
For centers with few participants, one intervention group was assigned. For centers with
more participants, more than one intervention groups were assigned. The allocation of intervention groups was randomized according to the timing of recruitment of subjects. At any participating center, special attention in the allocation of program schedule was made to avoid
communication among participants from different groups throughout the training period. The
assessors for clinical outcomes were research assistants with no involvement in the intervention
programs. They carried out outcome assessments as scheduled by center staffs and were blind
to the randomization status.
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Intervention and assessment schedule
For each intervention program, staff members at the social centers provided supervised training of the designated activities to participants during the study period. Participants were required to carry out activities at the centers at least once per week. They were encouraged to
continue the remaining activities at the center, or carried out activities at home under supervision by family members. The center staffs kept track of the attendance and logged program adherence. If a participant failed to turn up at the training center, the staffs would contact the
participants and family members to ensure that the practice reached the recommended frequency. Cognitive and functional assessments were conducted at the baseline, 4th, 8th and
12th months.

Assessment tools and clinical outcomes
Primary outcome. 1. Clinical Dementia Rating sum of boxes (CDR-SOB)[15]—CDR is a
semi-structured clinical interview for assessment of global cognitive ability. As global CDR
score is limited in the range of assessment (0 to 3), and ceiling effects are expected for participants with no dementia, we adopted the CDR-SOB as the primary outcome for observe
evaluation of global cognition and functioning. The CDR-SOB refers to summative scores
of the six domains (orientation, memory, judgment and problem-solving, home and
hobbies, personal care, and community affairs). A higher score indicates more severe
impairment.
Secondary outcomes. 1. A cognitive battery comprised of the Cantonese version of the
Alzheimer’s Disease Assessment Scale—Cognitive subscale (ADAS-Cog).[17] ADAS-Cog is
a global cognitive assessment scale sensitive to changes characteristics of early Alzheimer’s
disease (range 0 to 70). It includes subtests on episodic memory, agnosia, ideational apraxia,
visuospatial construction, orientation and recognition. A higher ADAC-Cog score indicates
more severe cognitive impairment. The Cantonese version of Mini-Mental State Examination (CMMSE) is a standard screening test to reflect global cognitive function with higher
scores indicating better cognitive function.[18] Apart from tests on global cognitive function, the other test included the list learning delayed recall test for episodic memory, digit
and visual span test for attention and working memory, category verbal fluency test (CVFT)
[19] and Chinese trail making test. Subjective cognitive complaints (Memory Inventory for
Chinese, MIC).[20] MIC is a questionnaire enquiring memory and other related cognitive
complaints previously validated in Chinese older adults in Hong Kong. A higher score indicates more cognitive complaints.
2. The Cornell Scale for Depression in Dementia (CSDD) was used to assess depressive symptoms.[21] It is an observer rated instrument to track the severity of depression in older
adults with cognitive impairment. A higher score indicates more severe depression and a
cutoff of 6 indicated clinically significant depression in Chinese older adults.
3. The instrumental activity of daily living (IADL) is measured by the Chinese Disability Assessment for Dementia (CDAD).[22] CDAD is a locally validated functioning assessment
for older adults with different degree of cognitive abilities. It has 4 questions on basic ADL
and 7 items on IADL (meal preparation, use of device, transportation, money handling, and
medication management). For each item, three dimensions on initiation, organization and
effectiveness to carry out a specific task would be measured to give an overall rating. As
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participants were not clinically demented upon recruitment, they have independent basic
ADL, so only IADL terms of the CDAD were analyzed.
4. Adherence rates were assessed by percentage participation of sessions per week. In the estimation of % adherence, activities performed both at centers and homes were counted. If a
participant’s adherence to the 12-month schedule was over 70%, adherence was considered
as ‘satisfactory’.

Sample size estimation and statistical analyses
The sample size was estimated with a cluster-randomization design. Participants were recruited
into activity group at the participating centers, which were then randomized into different intervention programs. Measurements were carried out at multiple levels (intervention programs,
activity groups and person). With three repeated measurements (baseline, 4th, 8th, and 12th
month) and assuming a small treatment by time interaction effect compared with the S (control)
program (Cohen’s d = 0.30), eight groups per intervention (C, P, CP, S) and 15 participants per
group would be adequate to achieve a power of 0.8 with an alpha of 0.05. Taking into account of
an estimated dropout rate of about 30%, 11 groups per arm were recruited.[23,24]
Cognitive and everyday function was compared between different intervention groups with
a cluster randomization approach. Intention—to-treat analysis was carried out for participants
who had completed baseline assessment. Baseline differences between intervention (C, P, CP)
and control (S) groups were evaluated with a two-level model with subjects at level one and activity groups at level two. All available observations were analyzed and subjects were not removed even if data at one time point was missing. The mean efficacy parameters (CDR-SOB,
cognitive and everyday functioning, mood symptom) for each intervention group were computed for each visit. Multilevel generalized linear modeling was employed to account for the
correlations within subjects and within activity groups. The model allowed for missing values
occurred in between time points.
Changes of efficacy indicators from baseline to each follow up point and intervention group
differences were tested with a three-level model with occasions (time points) at level one, subjects at level two, and activity groups at level three. Response variables with normal distribution
(cognitive test scores) were tested with the multilevel normal model and linear link function.
For response variables (CSDD, CDR-SOB) that were skewed in distribution, they were tested
with the multilevel Poisson model and log link function. To explore if the intervention might
exert different effects in participants at different severity of cognitive impairment, secondary
post-hoc analyses were carried out with comparisons of outcomes in sdMCI and mdMCI with
the above-mentioned procedure respectively.
Adherence (%) was compared among different activity schedules. For cognitive scores that
showed changes with time, the association between % program adherence and improvement in
scores was analyzed by univariate analysis controlling for other factors that may influence cognitive outcome. Statistical analyses were performed using STATA version 12.0 and IBM SPSS
20.0. Significance level was set at p< 0.05.

Results
Baseline characteristics
Six hundred fifty-five participants were recruited for baseline assessment. Among them, 100 participants were considered not eligible (dementia with CDR> = 1, no cognitive deficits, declined
participation due to inability to match schedules of intervention). 555 subjects were randomized
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Fig 1. CONSORT flow diagram.
doi:10.1371/journal.pone.0118173.g001

into four intervention groups (C = 145, CP = 132, P = 147, S = 131), with 260 participants belonged to sdMCI and 295 mdMCI categories. The average group size was 12 to 13. Fig. 1 depicted
flow of participants from screening through study completion. Of the 555 participants, 434 were
women (78.2%), the mean age and education level was 75.4 (6.5) years and 3.9 (3.6) years. There
were no group differences in age, educational level, gender, proportion of sdMCI and mdMCI,
cognitive characteristics and mood symptoms at baseline (Multilevel model, Table 1). Cognitive
characteristics of the sdMCI and mdMCI participants were presented in Table 2.

PLOS ONE | DOI:10.1371/journal.pone.0118173 March 31, 2015

7 / 17

Structured Lifestyle Activity Interventions on Cognition Function

Table 1. Baseline demographic and cognitive characteristics of intervention groups.
Cognitive(Baseline
N = 145)

Cognitive-Physical(Baseline
N = 132)

Physical(Baseline
N = 147)

Social
(BaselineN = 131)

Age

74.4(6.4)

76.3(6.6)

75.5(6.7)

75.4(6.1)

Education (in yrs)<Median,
Range>

3.9(3.8)<3, 0–15>

3.4(3.3)<3, 0–17>

4.0(3.6)<4, 0–15>

4.0(3.9)<3, 0–17>

Gender (M:F)

30:115

28:104

34:113

29:102

sdMCI: mdMCI

70:75

59:73

75:72

56:75

CDR-SOB<Median, Range>

0.9(0.6)<1, 0–2.5>

1.0(0.6)<1, 0–2>

0.9(0.6)<1, 0–2.5>

1.0(0.7)<1, 0–3>

CMMSE

25.7(2.4)

25.2(2.2)

25.8(2.3)

25.6(2.4)

ADAS-Cog

11.3(3.2)

11.6(3.4)

11.7(3.3)

11.5(3.4)

Delayed Recall

3.5(2.3)

3.2(2.2)

3.5(2.3)

3.4(2.1)

CVFT

34.2(7.3)

32.8(6.7)

33.3(7.3)

32.7(7.4)

Digit Span (forward)

7.1(1.2)

6.5(1.4)

6.7(1.4)

6.7(1.5)

Digit Span (Backward)

3.7(2.2)

3.5(1.6)

3.6(1.8)

3.6(1.8)

Trail A (in seconds)

26.1(24.5)

27.0(17.8)

25.1(18.4)

27.0(17.5)

Trail B (in seconds)

130.0(67.4)

137.2(70.7)

124.1(61.1)

131.2(70.1)

SCC

7.5(4.3)

6.9(4.3)

7.3(4.4)

8.2(4.5)

DAD-IADL

0.95(0.08)

0.97(0.06)

0.98(0.05)

0.95(0.07)

CSDD (total)<Median, Range>

0.6(2.2)<0, 0–19>

0.8(2.4)<0, 0–21>

0.7(2.6)<0, 0–24>

0.7(1.9)<0, 0–17>

()—Standard deviation, sdMCI—Mild Cognitive Impairment, single domain deﬁcit, mdMCI- Mild Cognitive Impairment, multiple domain deﬁcit; CDR-SOB—
Clinical Dementia Rating sum of boxes; CMMSE—Cantonese version of Mini-mental state examination; CVFT—category verbal ﬂuency test; SCC—
Subjective Cognitive Complaints; DAD-IADL—Instrumental activities of daily living of the Chinese Disability Assessment for Dementia; CSDD—Cornell
Scale for Depression in Dementia. Group comparisons—Multi-level linear model-Baseline differences between intervention groups were evaluated with
two-level model with subjects at level one and activity groups at level two. Differences between intervention groups were not signiﬁcant.
doi:10.1371/journal.pone.0118173.t001

Table 2. Demographic and baseline cognitive profiles of sdMCI and mdMCI participants.
sdMCI(N = 260)

mdMCI(N = 295)

Comparisons(p value)

Age

74.2(6.4)

76.4(6.4)

4.01(<0.001)

Education (in years)<Median, Range>

4.1(3.8)<3, 0–17>

3.6(3.5)<3, 0–15>

1.71(0.09)

CDR-SOB<Mean, Range>

0.6(0.5)<0.5, 0–2>

1.3(0.6)<1.5, 0–3>

13.80(<0.001)

CMMSE

26.8(1.8)

24.6(2.3)

12.66(<0.001)

ADAS-Cog

9.5(2.5)

13.3(2.9)

16.40(<0.001)

Delayed Recall

4.7(1.9)

2.3(1.8)

15.29(<0.001)

CVFT

35.9(6.4)

30.9(7.0)

8.67(<0.001)

Digit Span (Forward)

6.9(1.3)

6.6(1.4)

3.23(<0.001)

Digit Span (Backward)

2.6(1.1)

2.3(1.1)

3.96(<0.001)

Trail A (in Seconds)

22.1(14.4)

29.9(23.0)

4.82(<0.001)

Trail B (in Seconds)

115.2(60.6)

149.3(70.4)

4.99(<0.001)

CSDD<Median, Range>

0.6(1.6)<0, 0–17>

0.8(2.7)<0, 0–24>

1.2(0.23)

()—Standard deviation, sdMCI—Mild Cognitive Impairment, single domain deﬁcit, mdMCI- Mild Cognitive Impairment, multiple domain deﬁcit; CDR-SOB—
Clinical Dementia Rating sum of boxes; CMMSE—Cantonese version of Mini-mental state examination; CVFT—category verbal ﬂuency test; SCC—
Subjective Cognitive Complaints; CSDD—Cornell Scale for Depression in Dementia. Comparisons (t-tests)
doi:10.1371/journal.pone.0118173.t002
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Study Outcomes at study end
At 12th month, 423 (76%) completed the intervention. Eight (1.4%) participants died of physical illnesses during the study period. There were no reported adverse events associated with the
intervention. No difference in age and education were observed between completers and defaulters. Defaulters had lower delayed recall (p = 0.007) and lower CSDD scores (p = 0.04) at
baseline. Eighteen participants (3.2%, C = 5, CP = 5, P = 3, S = 5) progressed to dementia at
one year.
There were no change in CDR-SOB (p = 0.92), CDAD-IADL (p = 0.15) and CMMSE
scores (p = 0.16) at the end of study. Improvements in digit forward span (Multi-level model,
p = 0.005), ADAS-Cog, delayed recall, CVFT were observed in all groups over time (Multilevel model, p< 0.001). No intervention group differences were observed. Digit backward span,
CDAD-IADL and trail making tests showed no time or intervention group differences (Multilevel model). The CP group showed greater improvements in CVFT (time × intervention effects, χ2 = 23.38, p< 0.001). There was a decrease in subjective cognitive complaints (MIC) and
depressive symptoms (CSDD) across all groups with time (p<0.001) (Table 3).

Subgroup analyses (sdMCI and mdMCI) of cognitive outcomes at one year
Post-hoc subgroup analyses were carried out for the sdMCI and mdMCI groups. There was no
change in CDR-SOB. Improvements in ADAS-Cog, delayed recall, subjective cognitive complaints (MIC) and CVFT were found in both groups with time (p< 0.001). For the sdMCI
group, a time trend for lower CMMSE scores was observed (p = 0.04). In sdMCI group, integrated CP intervention were associated with better performance in ADAS-Cog (time × group
effects, χ2 = 10.25, p = 0.02), CVFT (time × group effects, χ2 = 12.41, p = 0.006) and delayed
recall (time × group effects, χ2 = 9.45, p = 0.02) than other interventions (Table 4). For the
mdMCI participants, the CP group was associated with greater improvement in CVFT
(time × group effects, χ2 = 11.64, p = 0.009), with no group differences observed in other cognitive tests (Table 5).

Program adherence & factors associated with changes in cognitive
function
The overall adherence rate was 73% (i.e. over 70% attendance to activity schedule throughout
the 12-month period), with the lowest in the CP group (P, 75%; C, 75%; CP, 65%; S, 71%) (One
way ANOVA, p = 0.03). While age and education had no association with % adherence,
women exhibited a higher adherence (t-test, p = 0.007). There was a weak positive correlation
between better baseline MMSE (r = 0.09) and delayed recall (r = 0.09) scores with % adherence
(Pearson correlations, p< 0.05). There were significant improvements in ADAS-Cog (Mean
change, 95% CI = 3.04, 2.77–3.31) and delayed recall (Mean change, 95% CI = 1.95, 1.75–2.16)
scores at the end of the study. A higher % adherence to program was associated with improvement in ADAS-Cog scores (Univariate analysis, p< 0.001). Improvement in delayed recall
scores was associated with younger age (p<0.001), baseline sdMCI group (p<0.001) and
higher % adherence to program (Univariate analysis, p = 0.008). Improvement in CVFT
(Mean change, 95% CI = 2.26, 1.59–2.93) was associated with randomization groups (p = 0.03)
but not program adherence (p = 0.09)(Univariate analysis) (Table 6).

Discussion
The present study was one of the few non-pharmacological interventions that evaluated the efficacy of structured lifestyle activity interventions in optimizing cognition in a non-white older
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Table 3. Effects of activity intervention on cognitive and mood outcomes for all participants (Intention-to-treat method).
Intervention groups
Cognitive(Baseline
n = 145)

CognitivePhysical
(Baseline
n = 132)

Baseline

0.9(0.6)

1.0(0.7)

0.9(0.6)

1.0(0.7)

4th month

0.8(0.6)

0.8(0.6)

0.7(0.6)

0.9(0.6)

8th month

0.8(0.7)

1.1(0.7)

0.8(0.6)

1.0(0.8)

0.8(0.7)

1.0(0.8)

0.8(0.6)

1.0(0.7)

Baseline

25.7(2.4)

25.2
(2.3)

25.8(2.3)

25.6(2.4)

4th month

25.8(2.6)

25.7
(2.5)

26.2(2.2)

25.8(2.4)

8th month

25.2(2.6)

25.2
(2.6)

26.0(2.1)

25.8(2.2)

12th
month

25.2(2.9)

25.2
(2.9)

25.6(2.4)

25.5(2.5)

Baseline

11.3(3.2)

11.6
(3.4)

11.7(3.3)

11.5(3.4)

4th month

8.8(3.5)

8.9(3.2)

8.8(3.6)

9.2(3.3)

8th month

8.8(3.9)

8.4(3.4)

9.4(3.8)

9.0(3.6)

12th
month

8.0(3.4)

7.9(3.6)

8.4(3.3)

8.4(3.3)

Physical (Baseline
n = 147)

12
month

Intervention by time (Chi
square)

0.01(p = 0.92)

1.83(p = 0.61)

1.97(p = 0.16)

4.28(p = 0.23)

91.42(p<0.001)

4.65(p = 0.20)

52.17(p<0.001)

3.31(p = 0.35)

11.54(p = <0.001)

23.38(p = <0.001)

33.42(p<0.001)

1.65(p = 0.65)

Social(Baseline
n = 131)

CDR-SOB

th

Change over time (Chi
square)

CMMSE

ADAS-Cog

Delayed Recall
Baseline

3.5(2.2)

3.2(2.2)

3.5(2.3)

3.4(2.1)

4th month

5.8(2.1)

5.3(2.1)

5.7(2.3)

5.4(2.1)

8th month

4.8(2.2)

4.5(2.2)

4.5(2.2)

4.4(2.2)

12th
month

5.8(2.3)

5.4(2.2)

5.3(2.4)

5.6(2.2)

Baseline

34.2(7.3)

32.8
(6.7)

33.3(7.3)

32.7(7.4)

4th month

36.2(8.2)

35.8
(7.2)

35.7(8.0)

34.4(7.9)

8th month

36.7(8.7)

38.2
(7.4)

33.6(7.2)

34.2(8.4)

12th
month

36.5(8.6)

36.9
(8.1)

34.3(8.0)

35.5(7.8)

CVFT

Subjective cognitive complaints
Baseline

7.5(4.3)

6.9(4.3)

7.3(4.4)

8.2(4.5)

4th month

6.7(4.0)

6.5(3.7)

7.2(3.9)

7.6(4.1)

8th month

6.0(3.7)

5.8(3.3)

6.2(3.6)

7.1(3.6)

12th
month

5.5(3.0)

5.7(3.0)

5.6(3.7)

6.6(3.9)
(Continued)
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Table 3. (Continued)
Intervention groups
Cognitive(Baseline
n = 145)

CognitivePhysical
(Baseline
n = 132)

Baseline

0.95(0.08)

0.97
(0.06)

0.98(0.05)

0.95(0.07)

4th month

0.97(0.05)

0.98
(0.08)

0.97(0.04)

0.96(0.06)

8th month

0.96(0.07)

0.95
(0.06)

0.97(0.05)

0.98(0.07)

12th
month

0.95(0.07)

0.94
(0.08)

0.96(0.06)

0.94(0.07)

Baseline

0.6(2.2)

0.8(2.4)

0.7(2.6)

0.7(1.9)

4th month

0.3(1.2)

0.2(0.8)

0.1(0.6)

0.4(1.2)

8th month

0.1(0.6)

0.2(0.4)

0.2(0.6)

0.2(0.5)

12th
month

0.1(0.4)

0.1(0.6)

0.1(0.4)

0.1(0.5)

Physical (Baseline
n = 147)

Change over time (Chi
square)

Intervention by time (Chi
square)

2.04(p = 0.15)

1.0(p = 0.80)

26.29(p = <0.001)

0.85(p = 0.84)

Social(Baseline
n = 131)

CDAD-IADL

CSDD (total)

() Standard Deviation, CDR-SOB—Clinical Dementia Rating sum of boxes; CMMSE—Cantonese version of Mini-mental state examination; ADAS-Cog—
Alzheimer's Disease Assessment Scale cognitive subscale; CVFT—category verbal ﬂuency test; SCC—Subjective Cognitive Complaints; CSDD—Cornel
Scale for Depression in Dementia. Multi-level model-Differences between intervention groups were evaluated with three-level model with time point at
level one, subjects at level two and activity groups at level three.
doi:10.1371/journal.pone.0118173.t003

community. Our findings suggested that there were no changes in CDR-SOB and instrumental
activity of daily living scores after participating in structured lifestyle activities for one year.
The primary outcome of the intervention, CDR-SOB, was selected to capture possible changes
in global cognition and functioning in participants with MCI. A stabilization of CDR-SOB may
reflect possible benefits of structured lifestyle activities. However, as CDR-SOB has a restricted
range of measures, the evaluation of improvements in CDR-SOB is limited by ceiling effects in
participants with minimal or no cognitive impairment. The lack of changes in CDAD-IADL
scores may also be affected by ceiling effects, so that subtle changes in everyday function may
not be detected. On the other hand, secondary outcome measures showed improvements in
cognitive scores including ADAS-Cog, delayed recall and verbal fluency tests. As these tests are
sensitive to early changes in AD, the findings supported the possibility that structured leisure
activities may have a role in optimizing cognitive function, which are consistent with other
RCTs on physical exercise interventions demonstrating improvements in cognitive performance over trial.[25–28] Contrary to our hypothesis that dual modality CP interventions
would exert better cognitive benefits over single modality (C or P) interventions, there are no
significant differences in cognitive test performance across different intervention programs.
We only found that the CP activities resulted in better improvements in CVFT. In another recent study, combined physical and mental activities, though demonstrating cognitive benefits,
did not show superiority over active control intervention.[29] It may be because cognitive enhancement effects of activity intervention may be attributable, at least partially, to non-specific
stimulation through social interactions.
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Table 4. Effects of activity intervention on cognitive and mood outcomes for participants with MCI-single domain deficit (Intention-to-treat
method).
Intervention groups

Cognitive
(Baseline n = 70)

Cognitive-Physical
(Baseline n = 59)

Physical
(Baseline n = 75)

Baseline

0.6(0.5)

0.6(0.5)

0.6(0.6)

0.6(0.6)

4th month

0.5(0.5)

0.7(0.7)

0.4(0.5)

0.7(0.6)

8th month

0.6(0.6)

0.8(0.6)

0.5(0.6)

0.7(0.7)

0.5(0.6)

0.7(0.6)

0.6(0.6)

0.8(0.7)

Baseline

27.0(1.8)

26.5(1.8)

26.9(2.0)

26.7(1.7)

4th month

27.0(2.1)

26.7(2.0)

26.9(1.9)

26.6(1.9)

8th month

27.1(2.0)

26.2(2.2)

27.0(1.8)

26.6(1.9)

12th month

26.9(2.3)

26.1(2.3)

26.4(2.0)

26.2(2.1)

Baseline

9.5(2.3)

9.8(2.9)

9.5(2.5)

9.2(2.5)

4th month

6.8(2.1)

7.4(2.3)

6.9(2.7)

7.7(2.4)

8th month

6.9(2.4)

6.9(3.0)

7.4(2.9)

7.4(2.6)

12th month

6.4(2.3)

6.1(2.7)

7.2(2.9)

7.2(2.9)

Baseline

4.7(2.1)

4.3(2.1)

4.9(1.9)

4.9(1.6)

4th month

6.7(1.6)

6.0(2.2)

6.6(1.8)

5.8(2.1)

8th month

5.6(2.1)

5.3(2.1)

5.2(2.0)

5.3(2.0)

12th month

6.8(1.8)

6.7(1.8)

6.1(2.2)

6.5(2.0)

Baseline

37.5(6.5)

35.0(5.8)

35.7(6.6)

35.3(6.5)

4th month

39.7(7.9)

38.7(6.5)

38.1(7.8)

36.7(7.6)

8th month

40.5(7.6)

40.2(6.5)

36.3(7.1)

36.5(7.3)

12th month

39.7(7.9)

39.7(7.9)

36.9(8.1)

37.2(7.1)

12 month

Intervention
by time
(Chi square)

1.5(p = 0.22)

1.67(p = 0.64)

4.05(p = 0.04)

2.46(p = 0.48)

31.06(p< 0.001)

10.25(p = 0.02)

15.91(p< 0.001)

9.45(p = 0.02)

5.30(p = 0.02)

12.41(p = 0.006)

Social
(Baseline n = 56)

CDR-SOB

th

Change over time
(Chi square)

CMMSE

ADAS-Cog

Delayed Recall

CVFT

() Standard Deviation, CDR-SOB—Clinical Dementia Rating sum of boxes; CMMSE—Cantonese Mini-mental state examination; ADAS-Cog—Alzheimer's
Disease Assessment Scale cognitive subscale; CVFT—category verbal ﬂuency test;. Differences between intervention programs were evaluated with
three-level model with time point at level one, subjects at level two and activity groups at level three.
doi:10.1371/journal.pone.0118173.t004

On the other hand, it is important to consider if the lack of specific benefits in intervention
(CP, P, S) activity is related to logistic factors such as intensity of intervention, adherence, or
that there would be no specific cognitive benefits in the activity intervention. In a study of a
physical fitness training program for patients with Parkinson’s disease in the Netherlands
(ParkFit), while the primary outcome did not reveal any change in overall physical activity
with 7 day recall compared with control groups, secondary analyses revealed a greater improvement with intervention in other activity measures.[30] We found that participants with
milder cognitive deficit (sdMCI), the CP group achieved better ADAS-Cog, CVFT and delayed
recall scores at the study end. While cognitive stimulation and physical exercise might help to
booster physiological responses and enhance cognition, a therapeutic window may exist when
the responses to intervention could be observed more readily. It is possible that at milder stage
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Table 5. Effects of activity intervention on cognitive and mood outcomes for participants with MCI-multiple domains deficits (Intention-to-treat
method).
Intervention groups
Cognitive
(Baseline n = 75)

Cognitive-Physical
(Baseline n = 73)

Physical
(Baseline n = 72)

Social(Baseline
n = 75)

Baseline

1.3(0.5)

1.3(0.6)

1.2(0.5)

1.3(0.6)

4th month

1.1(0.6)

1.0(0.6)

1.0(0.5)

1.1(0.6)

8th month

1.1(0.6)

1.3(0.6)

1.0(0.6)

1.2(0.8)

12th
month

1.2(0.8)

1.4(0.8)

1.1(0.6)

1.1(0.7)

Baseline

24.5(2.2)

24.2(2.0)

24.7(2.2)

24.8(2.5)

4th month

24.7(2.4)

24.7(2.5)

25.4(2.2)

25.1(2.5)

8th month

25.0(2.6)

24.3(2.7)

25.0(1.9)

25.2(2.4)

12th
month

24.9(2.5)

24.3(3.0)

24.7(2.4)

24.9(2.7)

Baseline

13.1(3.0)

13.1(3.1)

13.9(2.4)

13.1(2.9)

4th month

10.7(3.6)

10.2(3.3)

10.7(3.3)

10.5(3.4)

8th month

11.0(4.1)

9.8(3.3)

11.6(3.4)

10.4(3.8)

12th
month

9.7(3.6)

9.6(3.6)

9.9(3.0)

9.6(3.3)

CDR-SOB

CMMSE

ADAS-Cog

Delayed Recall
Baseline

2.4(1.8)

2.4(2.0)

2.0(1.7)

2.3(1.8)

4th month

4.9(2.1)

4.8(1.9)

4.7(2.3)

5.0(2.1)

8th month

4.0(2.0)

3.8(2.1)

3.7(2.2)

3.6(2.1)

12th
month

4.6(2.2)

4.2(1.9)

4.4(2.3)

4.8(2.1)

Baseline

31.1(6.6)

31.0(6.9)

30.9(7.3)

30.8(7.4)

4th month

33.0(7.3)

33.5(6.9)

33.3(7.5)

32.5(7.6)

8th month

32.4(7.8)

36.4(7.7)

30.6(6.1)

32.1(8.8)

12th
month

33.0(7.3)

34.2(7.4)

31.3(6.9)

33.9(8.2)

CVFT

Change over time
9Chi square)

Intervention by time
(Chi square)

0.57(p = 0.45)

1.6(p = 0.66)

0.01(p = 0.91)

2.43(p = 0.49)

60.2(p< 0.001)

0.21(p = 0.98)

37.49(p< 0.001)

0.54(p = 0.91)

6.71(p = 0.01)

11.64(p = 0.009)

() Standard Deviation, CDR-SOB—Clinical Dementia Rating sum of boxes; CMMSE—Cantonese Mini-mental state examination; ADAS-Cog—Alzheimer's
Disease Assessment Scale cognitive subscale; CVFT—category verbal ﬂuency test;. Differences between intervention programs were evaluated with
three-level model with time point at level one, subjects at level two and activity groups at level three.
doi:10.1371/journal.pone.0118173.t005

of cognitive decline, individuals still possess greater capacity for modulation of cognitive function, and may assume greater benefits with integrated stimulation.
However, the findings should be interpreted in the context of its limitations. While we managed to recruit over 550 participants into the study, the sample size for subgroup analyses was
still limited. In interpreting the improvement of cognitive test performance across time, it is
important to consider the practice effects and increase familiarity of testing materials as a potential reason for improvement although parallel forms were adopted in all memory tests to
minimize this bias. The participants who dropped out from the study also reflected a potential
bias on findings. Participants with poorer baseline cognition may have a higher default rate, or
poorer adherence, which would influence cognitive outcome. Besides, we did not incorporate
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Table 6. Factors associated with changes in cognitive scores from baseline to 12th month.
Cognitive test (Change of score from baseline to 12th month)
CMMSE
F
Age

p value

ADAS-Cog
F

p value

CVFT
F

Delayed Recall

p value

F

p value
<0.001

12.52

0.001

0.08

0.79

0.0

0.99

12.32

Education (years)

1.35

0.25

0.14

0.71

1.23

0.27

0.41

0.53

Baseline MCI group

3.07

0.08

0.75

0.39

4.45

0.04

41.41

<0.001

Randomization Group

0.72

0.54

0.64

0.59

3.15

0.03

0.29

0.83

Program adherence (%)

4.84

0.03

14.64

<0.001

2.87

0.09

7.16

0.008

Mean change from baseline (95% CI)

-0.21(-0.44, 0.02)

3.04(2.77, 3.31)

2.26(1.59, 2.93)

1.95(1.75, 2.16)

CMMSE—Cantonese version of the Mini-Mental State Examination; ADAS-Cog—Hong Kong version of the Alzheimer’s Disease Assessment Scale;
CVFT—Category Verbal Fluency Test; Baseline MCI group—Mild cognitive impairment, single domain versus multiple domain deﬁcits. Mean change from
baseline (negative sign referred to deterioration), Univariate analysis
doi:10.1371/journal.pone.0118173.t006

biological markers into the study to track physiological changes associated with cognition. Further research exploring the association between physiological responses to different lifestyle interventions may give support to the role of such interventions, which will aid the planning of
personalized advice on adjuvant life style interventions. Also, one-year observation period is
relatively short for dementia prevention. In addition, we assumed three times per week as a
minimal standard, and found that adherence was associated with cognitive outcomes. However, we were not able to evaluate the cognitive effects with different frequencies of activity.
We did not aim to design a novel or sophisticated experimental cognitive or physical exercise paradigm. Instead, the present study explored if a pragmatic approach of structured lifestyle activity schedule would benefit people at risk of developing dementia. Our results showed
that this approach was both practical and feasible. About 76% of the participants completed
this one year study and 73% had satisfactory adherence. The relatively satisfactory completion
rate and adherence to the program might be due to that this study was carried out in community social facilities with activity schedules already endorsed by the local older population. Such
arrangement would improve its acceptability and user-friendliness to older people with existing
cognitive problems.
Among our study participants, age and education did not affect program adherence. On the
contrary, women and participants with better baseline cognition appeared to have a higher
adherence. This suggested that gender and cognitive abilities are factors that may influence
program adherence. The integrated CP group had the lowest adherence rate (65%). More demanding intervention may lead to higher dropout rates, despite greater potential benefits.
After controlling for baseline factors that might influence study outcomes, adherence was associated with changes in scores of ADAS-Cog, delayed recall and MMSE. This suggested that
adherence is an important factor in determining improvement associated with activity intervention for cognitive health. In people with existing cognitive impairment, special considerations such as regular reminder and encouragement would be important in enforcing good
adherence to optimize benefits.
In summary, the present study showed that a 12-month structured lifestyle activity intervention conducted in neighborhood social facilities for older adults with MCI was associated
with improvements in cognitive test performance over time, albeit with no change in everyday
functioning. In older adults at early stage of observable cognitive deficits, health advice may incorporate regular participation of different lifestyle activities. Lifestyle activity interventions are
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low cost, low risk and readily adaptable to local culture. Its potential to serve as health promotion strategy in the developing regions where dementia epidemic is expecting and health care
costs are challenging should further be explored. For clinical advice to older adults seeking help
to improve cognition, our study provided preliminary evidence for ‘Regular practice of cognitive activities and physical exercise in a supportive social environment should start at the earliest possible time AND adherence is the key.’

Supporting Information
S1 Appendix.
(DOCX)
S1 CONSORT Checklist. CONSORT checklist.
(DOCX)
S1 Database.
(XLS)
S1 Ethics Approval.
(PDF)
S1 Protocol. Trial protocol.
(PDF)

Acknowledgments
The authors would like to thank Simon KY Lee Fund for the Elderly for funding this study. We
would also like to thank all the participants, staffs of the social centres and the non-governmental organizations (NGOs) (Haven of Hope Christian Service, Baptist Oi Kwan Social Service
and Hong Kong Sheng Kung Hui) for their generous support.

Author Contributions
Conceived and designed the experiments: LCWL EMFL WCC. Performed the experiments:
AWTF LCWL. Analyzed the data: TL LCWL. Contributed reagents/materials/analysis tools:
LCWL. Wrote the paper: LCWL WCC EMFL.

References
1.

Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence of dementia: a
systematic review and metaanalysis. Alzheimers Dement. 2013; 9: 63–75 e62. doi: 10.1016/j.jalz.2012.
11.007 PMID: 23305823

2.

Raschetti R, Albanese E, Vanacore N, Maggini M. Cholinesterase Inhibitors in Mild Cognitive Impairment: A Systematic Review of Randomised Trials. PLoS Med 2007; 4: e338. PMID: 18044984

3.

Cooper C, Li R, Lyketsos C, Livingston G. Treatment for mild cognitive impairment: systematic review.
Br J Psychiatry. 2013; 203: 255–264. doi: 10.1192/bjp.bp.113.127811 PMID: 24085737

4.

Hall CB, Lipton RB, Sliwinski M, Katz MJ, Derby CA, Verghese J. Cognitive activities delay onset of
memory decline in persons who develop dementia. Neurology. 2009; 73: 356–361. doi: 10.1212/WNL.
0b013e3181b04ae3 PMID: 19652139

5.

Wilson RS, Segawa E, Boyle PA, Bennett DA. Influence of late-life cognitive activity on cognitive health.
Neurology. 2012; 78: 1123–1129. doi: 10.1212/WNL.0b013e31824f8c03 PMID: 22491864

6.

Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, Welsh-Bohmer K. Aerobic exercise
and neurocognitive performance: a meta-analytic review of randomized controlled trials. Psychosom
Med. 2010; 72: 239–252. doi: 10.1097/PSY.0b013e3181d14633 PMID: 20223924

PLOS ONE | DOI:10.1371/journal.pone.0118173 March 31, 2015

15 / 17

Structured Lifestyle Activity Interventions on Cognition Function

7.

Pitkala KH, Poysti MM, Laakkonen ML, Tilvis RS, Savikko N, Kauthiainen H, et al. Effects of the Finnish
Alzheimer disease exercise trial (FINALEX): a randomized controlled trial. JAMA Intern Med. 2013;
173: 894–901. doi: 10.1001/jamainternmed.2013.359 PMID: 23589097

8.

Etgen T, Sander D, Bickel H, Forstl H. Mild cognitive impairment and dementia: the importance of modifiable risk factors. Dtsch Arztebl Int. 2011; 108: 743–750. doi: 10.3238/arztebl.2011.0743 PMID:
22163250

9.

Smith GE, Housen P, Yaffe K, Ruff R, Kennison RF, Mahncke HW et al. A cognitive training program
based on principles of brain plasticity: results from the Improvement in Memory with Plasticity-based
Adaptive Cognitive Training (IMPACT) study. J Am Geriatr Soc. 2009; 57: 594–603. doi: 10.1111/j.
1532-5415.2008.02167.x PMID: 19220558

10.

Coley N, Andrieu S, Gardette V, Gillette-Guyonnet S, Sanz C, Vellas B, et al. Dementia prevention:
methodological explanations for inconsistent results. Epidemiol Rev. 2008; 30: 35–66. doi: 10.1093/
epirev/mxn010 PMID: 18779228

11.

Valenzuela MJ, Matthews FE, Brayne C, Ince P, Halliday G, Kril JJ, et al. Multiple biological pathways
link cognitive lifestyle to protection from dementia. Biol Psychiatry. 2012; 71: 783–791. doi: 10.1016/j.
biopsych.2011.07.036 PMID: 22055015

12.

Legault C, Jennings JM, Katula JA, Dagenbach D, Gaussoin SA, Sink KM, et al. Designing clinical trials
for assessing the effects of cognitive training and physical activity interventions on cognitive outcomes:
the Seniors Health and Activity Research Program Pilot (SHARP-P) study, a randomized controlled
trial. BMC Geriatr. 2011; 11: 27. doi: 10.1186/1471-2318-11-27 PMID: 21615936

13.

Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, et al. Mild cognitive impairment—
beyond controversies, towards a consensus: report of the International Working Group on Mild Cognitive Impairment. J Intern Med. 2004; 256: 240–246. PMID: 15324367

14.

Lam LC, Tam CW, Leung GT, Lui VW, Fung AW, et al. Combined clinical and cognitive criteria to identify mild cognitive impairment in a southern chinese community. Alzheimer Dis Assoc Disord. 2001; 24:
343–347.

15.

Morris JC. Clinical dementia rating: a reliable and valid diagnostic and staging measure for dementia of
the Alzheimer type. Int Psychogeriatr. 1997; 9 Suppl 1: 173–176; discussion 177–178. PMID: 9447441

16.

Leung GT, Leung KF, Lam LC. Classification of late-life leisure activities among elderly Chinese in
Hong Kong. East Asian Arch Psychiatry. 2011; 21: 123–127. PMID: 21921306

17.

Chu LW, Chiu KC, Hui SL, Yu GK, Tsui WJ, et al. The reliability and validity of the Alzheimer's Disease
Assessment Scale Cognitive Subscale (ADAS-Cog) among the elderly Chinese in Hong Kong. Ann
Acad Med Singapore. 2000; 29: 474–485. PMID: 11056778

18.

Chiu HF, Lam LC, Chi I, Leung T, Li SW, Law WT, et al. Prevalence of dementia in Chinese elderly in
Hong Kong. Neurology. 1998; 50: 1002–1009. PMID: 9566386

19.

Lam LC, Ho P, Lui VW, Tam CW. Reduced semantic fluency as an additional screening tool for subjects with questionable dementia. Dement Geriatr Cogn Disord. 2006; 22: 159–164. PMID: 16837791

20.

Lui VW, Lam LC, Chiu HF. Validation of a memory inventory for the assessment of awareness of memory deficits in Alzheimer's disease in Chinese elderly. Int J Geriatr Psychiatry. 2006; 21: 917–923.
PMID: 16927409

21.

Lam CK, Lim PP, Low BL, Ng LL, Chiam PC, Sahadevan S, et al. Depression in dementia: a comparative and validation study of four brief scales in the elderly Chinese. Int J Geriatr Psychiatry. 2004; 19:
422–428. PMID: 15156543

22.

Mok CC, Siu AM, Chan WC, Yeung KM, Pan PC, Li SW. Functional disabilities profile of chinese elderly
people with Alzheimer's disease—a validation study on the chinese version of the disability assessment for dementia. Dement Geriatr Cogn Disord. 2005; 20:112–119. PMID: 15990425

23.

Heo M., & Leon A.C. Sample size requirements to detect an intervention by time interaction in longitudinal cluster randomized clinical trials. Statistics in Medicine, 2009; 28: 1017–1027. doi: 10.1002/sim.
3527 PMID: 19153969

24.

Murray D.M., Blitstein J.L., Hannan P.J., Baker W.L., & Lytle L.A. Sizing a trial to alter the trajectory of
health behaviours: methods, parameter estimates, and their application. Statistics in Medicine, 2007;
26: 2297–2316. PMID: 17044139

25.

Lam LC, Chau RC, Wong BM, Fung AW, Tam CW, Leung GT, et al. A 1-year randomized controlled
trial comparing mind body exercise (Tai Chi) with stretching and toning exercise on cognitive function in
older Chinese adults at risk of cognitive decline. J Am Med Dir Assoc. 2012; 13: 568 e515–520.

26.

Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer FM, Xiao J, et al. Effect of physical
activity on cognitive function in older adults at risk for Alzheimer disease: a randomized trial. JAMA
2008; 300: 1027–1037. doi: 10.1001/jama.300.9.1027 PMID: 18768414

PLOS ONE | DOI:10.1371/journal.pone.0118173 March 31, 2015

16 / 17

Structured Lifestyle Activity Interventions on Cognition Function

27.

Nagamatsu LS, Chan A, Davis JC, Beattie BL, Graf P, Voss MW, et al. Physical activity improves verbal
and spatial memory in older adults with probable mild cognitive impairment: a 6-month randomized controlled trial. J Aging Res 2013: 861893. doi: 10.1155/2013/861893 PMID: 23509628

28.

Suzuki T, Shimada H, Makizako H, Doi T, Yoshida D, Tsutsumimoto K, et al. Effects of multicomponent
exercise on cognitive function in older adults with amnestic mild cognitive impairment: a randomized
controlled trial. BMC Neurol. 2012; 12: 128. doi: 10.1186/1471-2377-12-128 PMID: 23113898

29.

Barnes DE, Santos-Modesitt W, Poelke G, Kramer AF, Castro C, Middleton LE, et al. The Mental Activity and eXercise (MAX) trial: a randomized controlled trial to enhance cognitive function in older adults.
JAMA Intern Med. 2013; 173: 797–804. doi: 10.1001/jamainternmed.2013.189 PMID: 23545598

30.

van Nimwegen M, Speelman AD, Overeem S, van de Warrenburg BP, Smulders K, Dontje ML, et al.
Promotion of physical activity and fitness in sedentary patients with Parkinson's disease: randomised
controlled trial. BMJ. 2013; 346: f576. doi: 10.1136/bmj.f576 PMID: 23457213

PLOS ONE | DOI:10.1371/journal.pone.0118173 March 31, 2015

17 / 17

