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Executive Summary

This review examined the effect of physical activity, social engagement and cognitive training and rehabilitation on later life cognitive function and the incidence of dementia. Forty nine reports have been selected and reviewed to explore the proposal that physical, social and cognitive factors have potential in preventing, delaying dementia or reducing the symptomatic impact of dementia.

Results are summarized as follows.

· Epidemiological studies report that a higher level of physical activity reduces the risk of cognitive decline, all-cause dementia, Alzheimer’s disease and vascular dementia.

· Randomized controlled studies of physical activity interventions introduced to people with Mild Cognitive Impairment (MCI) have yielded conflicting results on both global cognitive measures and measures of specific cognitive components.

· Social engagement evaluated epidemiologically has provided conflicting results regarding the role of marital status but frequency and quality of relationships between parents and their children are associated with cognitive health in older people.

· Epidemiological studies report that lower levels of contact with social networks and loneliness increase the risk of cognitive decline, all-cause dementia and Alzheimer’s disease whereas frequent emotional support and social activity reduce the risk.

· Diverse leisure activities characterized by the combination of both solitary and collective participation are strongly associated with reduced risk of cognitive decline and dementia

·  Midlife social engagement mediated later life cognitive health.

· Randomized studies report that cognitive training produces better performance on neuropsychological tests for both cognitively healthy older people and people with early Alzheimer’s disease. Cognitive training also has emotional, behavioural and self-management benefits. 

· Cognitive rehabilitation interventions have yielded memory, executive function, emotional and behavioral benefits. There are conflicting outcomes for memory, psychosocial and independent living effects of cognitive rehabilitation.

· Cognitive training and rehabilitation programs that provide self-management education may yield more sustainable and generalisable effects than programs that focus only on specific cognitive tasks and functions.

Chapter 1: Background and Methods

Background and Rationale

In Australia in 2002, dementia was the third leading cause of death in females over 65 years and the ninth leading cause of death in males over 65 years (ABS, 2006). Alzheimer’s disease is currently the sixth leading cause of death across all age groups in the USA (Williams, Plassman, Burke, Holsinger, & Benjamin, 2010). A recent report has shown that the cost of dementia to the UK economy is greater than the combined cost of cancer and heart disease (Luengo-Fernandez, Leal, & Gray, 2010). 

Dementing illnesses are, for the most part, progressive and irreversible. Consequently, treatment strategies have focused on management of symptoms and provision of adequate care. At best, pharmacological interventions have demonstrated only modest success in slowing the progression of some syndromes and reducing the severity of cognitive and behavioural symptoms. The use of the three major cholinesterase inhibitors (ChEIs) in cases of mild to moderate Alzheimer’s disease (AD) is indicated on the basis of clinical trials although there is little trial evidence regarding the use of ChEIs in cases of severe dementia. Adverse drug reactions (ADRs) are such that treatment is discontinued in approximately 30% of patients (Birks, 2006) and adverse drug-drug interactions account for approximately one third of all ChEI-related ADRs 


(Tavassoli, Sommet, Lapeyre-Mestre, Bagheri, & Montrastruc, 2007) ADDIN EN.CITE . Similarly, the routine use of atypical antipsychotic preparations in the management of behavioural and psychological symptoms of dementia is associated with a significant increase in serious ADRs (Ballard & Waite, 2006). 

In the absence of effective pharmacological treatments for dementia there is an increase in the use of a wide array of non-pharmacological (so-called ‘alternative’) approaches despite the current lack of evidence for their efficacy. 

Given the intractable nature of diseases that cause dementia in older people, attention has increasingly turned to the investigation of strategies that may delay or prevent their onset or reduce the severity of their symptoms. These strategies focus on a spectrum of ‘lifestyle’ factors on the basis of suggestions that either separately or collectively they may have a role in preserving the functional integrity of a range of physiological, biological and neurological systems. Maintenance of the functional integrity of these systems is understood, not surprisingly, to be reliant on appropriate use and appropriate nutrient support. Further to this is the suggestion that functional changes associated with normal, healthy ageing are not based solely on a genetically programmed progressive decline leading to death. System efficacy in the absence of disease is understood to be optimized by good dietary practice and a lifestyle that includes a balance of physical, social and cognitive activity. Optimal function may not only serve to prevent disease. It may also provide protection against processes that have been regarded as normal age-related slowing of cognitive functions (Weuve et al., 2004). 

The suggestion that lifestyle factors across the lifespan, and even later life changes in lifestyle practices, may have a role in preventing or modulating the onset and severity of the pathologies and/or clinical symptoms of cognitive decline and dementia has attracted increasing attention during the past three decades. This focus is intensifying under the increased demographic pressures of ageing populations and the failure of pharmacological interventions to provide adequate relief. The number of people actively employing non-pharmacological approaches either as a means of protecting against or of treating dementia has increased substantially. Linked to, and possibly nurturing, this trend is the provision of web-based information about potential preventive strategies and practices such as (Woodward, 2007).

Physical, social and cognitive factors may mediate later life cognitive health. If it were demonstrated by adequate evidence that these factors have a preventive role in the health status of older individuals, national health policy makers would have a greater degree of certainty on which to develop and promote appropriate public health policies. Furthermore, evidence for a role of lifestyle in population health may result in a broader definition on which to conceptualise public health policy, by explicitly recognizing that all policy domains – for example, those addressing education, urban and rural planning, transport, environment, culture – impact directly on health and well-being across the lifespan.  

Currently, research into the effects of physical, social and cognitive factors has failed to provide a body of evidence that unequivocally demonstrates that these so-called lifestyle factors are important mediators of cognitive health in later life. Researchers are confronted a number of methodological and ethical issues that make meeting current criteria for evidence-based policy and practice difficult. Furthermore, because these lifestyle factors are subject to diversity of environmental, cultural and geographic variables, differences between individuals, communities and cultures underscore a large and intricate spectrum of potential confounds. While a number of mechanisms by which these factors may mediate effects have been proposed, our current understanding suggests that we are yet to demonstrate a set of associated biomarkers with levels of sensitivity and specificity capable of demonstrating clear causal relationships. 

Preventive Medicine
Operationalising lifestyle factors to mediate later life cognitive health can be conceptualised within the three-level preventive medicine model. In this broadly used model, primary prevention refers to the implementation of strategies or procedures to prevent disease. Secondary prevention refers to developing the means by which early detection of disease is facilitated. Tertiary prevention addresses the treatment of disease-related symptoms with the aim of reducing the impact of disease. In all cases, an adequate body of scientific evidence is required to confirm the likelihood of a benefit that outweighs the associated economic, social and political costs.

Despite the substantial increase in research into the association between physical activity (Angevaren, Aufdemkampe, Verhaar, Aleman, & Vanhees, 2008), social engagement (Fratiglioni, Paillard-Borg, & Winblad, 2004), cognitive training and rehabilitation (Clare, Woods, Moniz Cook, Orrell, & Spector, 2003) and later life cognitive health, the evidence is still equivocal. While a pragmatic approach to public health policy might reasonably argue for the adoption of an array of lifestyle habits, there is a need for evidence derived from research that meets internationally accepted criteria for evidence-based practice (NHMRC, 1999). To date such evidence has been elusive.

While the weight of predominantly epidemiological evidence appears, at least marginally, to support a preventive role for physical, social and cognitive activity in addressing the increasing incidence and prevalence of dementia, the development of successful preventive strategies is dependent upon further, new evidence derived from well-designed and well-controlled research studies. 

Aim

The review will evaluate evidence of the effects of physical activity, social engagement and cognitive training and rehabilitation on later life cognitive health.

Objective

The goal of this review is to, on the basis of current literature, adequately inform the development of intervention trials that have the potential to yield outcomes that meet higher-level criteria for evidence-based practice. 
Methods

Criteria for Inclusion
Types of Studies

The review will examine reports from the last decade that provide quantitative data. It will consider randomised controlled trials, well-designed pseudo RCTs, comparative cohort, case control and interrupted time-series studies with control groups, comparative studies with historical controls, single arm studies and interrupted time-series without controls.

Studies will be considered if they evaluate outcomes of physical activities, social engagement and cognitive training and cognitive rehabilitation programs. 

Types of participants 

Inclusion criteria: Older people; community and residential care settings; cognitively intact; cognitively impaired with or without a diagnosis of dementia; people with MCI; people with subjective memory impairment; well-documented evidence of cognitive status; well-documented records of physical, social or cognitive activities.

Exclusion criteria: people with primary psychiatric diagnoses (such as schizophrenia, bipolar disorder); people with disabilities that impede or prohibit participation in physical, social or cognitive activities under examination.
Types of Exposure and Intervention 

The terms exposure and intervention refer to the predictor variables that may be associated with the outcome being investigated. 

In epidemiological studies the variable of interest is referred to as an exposure as it is not of the nature of an experimental independent variable directly manipulated by researchers. With experimental designs, the predictor variable is the independent variable and thus referred to as an intervention.

In the three domains – physical, social and cognitive – studies will be considered for inclusion if they identify, quantitate and evaluate the effects of exposure or interventions of interest on cognitive status of older people and provide information about the intensity, frequency and duration of engagement. It is anticipated that each domain will characterize the activities in a variety of ways and will include a variety of components that are not consistent across all studies. Therefore there are no a priori assumptions as to what may be included in each domain.

Types of Physical Activities: 

Physical activity includes any planned and/or regular and/or sustained exercise or training programs; walking, aerobic classes, sporting activity, recreational activity such as bushwalking and swimming; occupational and related domestic activity such as gardening; other leisure-related physical activities.

Types of Social Engagement: 

Includes any activity that links individuals to other individuals or groups of individuals. In the context of whole-of life experience this therefore may include activities associated with marital or other long term partnerings, children, immediate and extended family networks, education-related and occupation-related networks, a broad range of leisure-related activities, and a range of socio-cultural activities (eg religious, charitable, artistic, political, sporting).

Types of Cognitive Training and Cognitive Rehabilitation: 

Cognitive training and rehabilitation include interventions and activities undertaken by older people aimed at improving cognitive function. Such interventions will involve either group or individual procedures or combinations of both and will be conducted under the direction and guidance of trained personnel.

Types of outcome measures: 

Outcome measures will include the presence or absence of all-cause dementia, dementias with diagnoses according to aetiology, mild cognitive impairment, cognitive impairment no dementia (CIND) age of onset of clinical symptoms; time to onset of clinical symptoms; severity of cognitive, functional and behavioural symptoms; change in symptom severity. 

Types of Analysis: 

Studies included will employ parametric and/or non-parametric statistical approaches that evaluate cross-sectional or longitudinal differences or changes in dependent variables, regression models that yield ratio data, structural equation modeling.

Search Strategy

The search aimed to identify published reports of studies that examined the effects of physical activity, social engagement, cognitive training and cognitive rehabilitation on the cognitive status of people in later life. Major electronic databases were the primary source but manual searches of reference lists in published reports were undertaken. In addition, a number of individual journal archives were searched.

The databases searched were:

PubMed (which now includes Medline)

Cochrane Central Database of Systematic Reviews and Cochrane Collaboration Central Register of Controlled Trials.

Database of Reviews and Effects (DARE).

Joanna Briggs Institute Library of Systematic Reviews.

Agency for Healthcare Research and Quality (US Department of Health and Human Services).

Summary of Searches

The following search terms used in the initial phase of the search captured a total of 8,162 references across the three domains. Details of the identification, review and selection of references for inclusion are provided below the search terms. PubMed /Medline searches were updated weekly throughout the duration of the review. See Figure 1 for a summary of the total number of studies captured. See Figure 2 for the number of studies selected for full evaluation and the number selected for inclusion in the review.

Physical Activity.

1. ("motor activity"[MeSH Terms] OR ("motor"[All Fields] AND "activity"[All Fields]) OR "motor activity"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) OR "physical activity"[All Fields]) AND ("aging"[MeSH Terms] OR "aging"[All Fields]) AND ("cognition"[MeSH Terms] OR "cognition"[All Fields]) 

– 465 references.

2. ("motor activity"[MeSH Terms] OR ("motor"[All Fields] AND "activity"[All Fields]) OR "motor activity"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) OR "physical activity"[All Fields]) AND ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's -disease"[All Fields])

- 996 references.

3. ("motor activity"[MeSH Terms] OR ("motor"[All Fields] AND "activity"[All Fields]) OR "motor activity"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) OR "physical activity"[All Fields]) AND ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's disease"[All Fields]) AND ("prevention and control"[Subheading] OR ("prevention"[All Fields] AND "control"[All Fields]) OR "prevention and control"[All Fields] OR "prevention"[All Fields]) 

– 129 references.

4. ("exercise"[MeSH Terms] OR "exercise"[All Fields]) AND ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's disease"[All Fields]) – 

370 references.

5. ("exercise"[MeSH Terms] OR "exercise"[All Fields]) AND ("aging"[MeSH Terms] OR "aging"[All Fields]) AND ("cognition"[MeSH Terms] OR "cognition"[All Fields]) – 227.

6. ("motor activity"[MeSH Terms] OR ("motor"[All Fields] AND "activity"[All Fields]) OR "motor activity"[All Fields] OR ("physical"[All Fields] AND "activity"[All Fields]) OR "physical activity"[All Fields]) AND ("exercise"[MeSH Terms] OR "exercise"[All Fields])) AND ("memory"[MeSH Terms] OR "memory"[All Fields]) AND ("cognition"[MeSH Terms] OR "cognition"[All Fields]) 

– 71 references.

TOTAL 2,258 references.

All titles published after 1997 were examined. Where titles did not unequivocally show that the report did not meet meet review criteria abstracts were reviewed online. Following online review of abstracts, 47 reports were downloaded for detailed review. Of these, 15 studies have been included in this review.

Social Engagement

1. ("dementia"[MeSH Terms] OR "dementia"[All Fields]) AND ("social support"[MeSH Terms] OR ("social"[All Fields] AND "support"[All Fields]) OR "social support"[All Fields] OR ("social"[All Fields] AND "network"[All Fields]) OR "social network"[All Fields])

3,120 references.

2. "Alzheimer Disease"[Mesh] AND "Leisure Activities"[Mesh]

209 

("dementia"[MeSH Terms] OR "dementia"[All Fields]) AND social[All Fields] AND engagement[All Fields]

67 references.

3. ("Alzheimer Disease"[Mesh] OR "Alzheimer Disease/prevention and control"[Mesh]) AND "Social Isolation"[Mesh]

50 references.

4. ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's disease"[All Fields]) AND preventive[All Fields] AND ("life style"[MeSH Terms] OR ("life"[All Fields] AND "style"[All Fields]) OR "life style"[All Fields] OR "lifestyle"[All Fields]) AND factors[All Fields]

22 references.

TOTAL 3,468 references

All titles published after 1997 were examined. Where titles did not unequivocally show that the report did not meet meet review criteria abstracts were reviewed online. Following online review of abstracts, 38 reports were downloaded for detailed review. Of these, 19 studies have been included in this review.

Cognitive Training and Cognitive Rehabilitation

1. cognitive[All Fields] AND ("education"[Subheading] OR "education"[All Fields] OR "training"[All Fields] OR "education"[MeSH Terms] OR "training"[All Fields]) AND ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's disease"[All Fields])

1,480 references.

2. Terms]) AND ("alzheimer disease"[MeSH Terms] OR ("alzheimer"[All Fields] AND "disease"[All Fields]) OR "alzheimer disease"[All Fields] OR ("alzheimer's"[All Fields] AND "disease"[All Fields]) OR "alzheimer's disease"[All Fields])

956 references.

TOTAL  2,436 references.

All titles published after 1997 were examined. Where titles did not unequivocally show that the report did not meet meet review criteria abstracts were reviewed online. Following online review of abstracts, 41 reports were downloaded for detailed review. Of these, 15 studies have been included in this review.

Assessment of Methodological Quality, Data Collection and Data Synthesis

Reports were assessed with reference to the criteria for inclusion described above. Reports included in this review were selected by the first author. Data from the reports were evaluated and extracted by the first author using an approach synthesized from The Joanna Briggs Institute (Lockwood, 2008) and The Cochrane Collaboration (Higgins & Green, 2008)handbooks .

Publication

A goal of this review is to publish outcomes within a systematic review structure. The largest of these is The Cochrane Collaboration to which three titles were submitted and a further two titles discussed with the Managing Editor of the Cochrane Dementia and Cognitive Improvement Group (CDCIG).

Titles submitted

1. Diet, physical activity, mental activity and social engagement for preventing Alzheimer’s disease.
2. Cognitive stimulation for dementia.

3. Multi-nutritional dietary factors and cognition in older persons.

Titles discussed

Social engagement and late life cogition and dementia.

Mediterranean Diet and Alzheimer’s disease.

None of these titles proceeded to protocol stage. The first title was too broad and thus did not accord with the Cochrane preference for highly constrained interventions. The second title, while apparently not registered with Cochrane advice, was found to have already existed as a protocol since 2006. The third was not accepted because there were no currently published RCTs on the topic. The Cochrane Collaboration is only lately beginning to include non-RCT studies with strict constraints. The titles discussed did not proceed with Cochrane Collaboration for this same reason.

Titles Registered

Two titles were successfully registered with the Joanna Briggs Institute, an affiliate of the Cochrane Collaboration, which has a more inclusive policy and thus considers for systematic review all quantitative and qualitative methodologies.

The titles registered are for systematic review with the Joanna Briggs Institute are:

1. The effect of dietary factors that have the potential to delay the onset of Alzheimer’s disease.

2. The effect of social engagement across the lifespan on later life cognitive status and incident dementia.
Figure 1: Papers captured by searches
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Figure 2: Papers examined and papers selected for inclusion in the review.
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Chapter 2: Physical Activity in Preventing Dementia

Summary of Studies

Fifteen studies were included in this review of which 12 were cohort studies (Table 1) and 3 were randomised controlled studies (Table 2). The studies are numbered in the tables and are referred to in the following summary by their number in the tables.

Cohort Studies 

Results from prospective cohort studies examining the association between physical activity and cognitive decline and dementia are summarised in Figure 3. 

Participants

In total, the 12 cohort studies included a total of 39,512 participants. The number of participants in each study ranged from 1,158 (Table 1: Study 7) to 16,466 (Study 4).

The age and age range of cohorts varied. Most studies recruited people ≥ 65 years (Studies 1, 2, 3, 7, 8, 9, 11, 12). Two recruited people aged ≥ 50 years (Studies 6, 7,) and one recruited people aged ≥ 55 (Study 10). Two studies specified age ranges 70 – 81 and 71 – 93 without providing a minimum age (Studies 4 and 5 respectively). Studies 1 and 4 included only women. Study 5 included only men. People with dementia at baseline were excluded from the studies. 

Analysis

Studies all employed regression analyses but the models were not consistent across all studies and outcome data was reported by providing Odds Ratio and 95% Confidence Intervals (Studies 1, 2, 4, 6, 7, 10) or Hazard Ratio and 95% Confidence Intervals (Studies 3, 5, 8, 9, 11, 12). Adjusted models were used to address potential confounds. Across the 13 cohort studies, a total of 63 variables were included in adjusted models.  

Time To Follow-up

Time from baseline to final follow-up assessments ranged from 1.5 years (Study 10) to 21 years (Studies 6 & 7). Eight studies ranged between 4 and 7 years to follow-up (Studies 1, 2, 3, 5, 8, 9, 11, 12,) and Study 4 time to follow-up was 15 years. Studies 3, 4, 5, 11 & 12 undertook biennial or triennial interim measures to provide graphic representations of survival estimates (not reported in this review) to supplement primary outcome measures. 

Predictor or Exposure Variables

Predictor variables differed between the cohorts with regard to both the type of physical activities and the quantitative methods used to evaluate them. With one exception data were derived from self-report based on recall of activities during time periods ranging from the previous two weeks to the previous 2 years. While two studies limited the range of physical activities specifically to walking (Studies 1, 5), other studies made estimates of cumulative physical activity based variously on the number of city blocks walked, the number of flights of stairs climbed, recreational physical activities including sports, housework, gardening (Study 8), walking, jogging, running, cycling, aerobic activities, any vigorous activity and any low intensity activity such as yoga (Study 4). Some studies evaluated both frequency and intensity of activities (Studies 3, 4 & 6). Studies 1, 4, 8 and 9 calculated metabolic equivalent estimates (MET, Kcals/week) for use in outcome analyses. Two studies focused on midlife activities incidentally associated with leisure (Study 6) and occupation and commuting (Study 7). The methods of self-report varied from verbal response to two questions (frequency and intensity) to more detailed questions using established and validated instruments. Two studies, in addition to recording self-reported physical activity, assessed physical performance function (PPF) based on standardised tests that included timed walk, grip strength, balance, chair stand and total PPF (Studies 3 & 12). 

Physical activity continuous data were for the most part converted to categorical variables derived from tertile, quartile or quintile scores. 

Primary Outcome Variables

Primary outcome variables included cognitive decline (Studies 1, 4 & 10), incident cognitive impairment no dementia (CIND) all-cause dementia, AD, VaD (Studies 2 & 3), age of onset of incident dementia (Study 3), time to onset of incident dementia, AD and VaD (Studies 5, 8, 9, 11) incident AD (Studies 6, 7, 12). Cognitive status was evaluated using a variety of well-established screening and diagnostic instruments. Study 4 evaluated global cognition, category fluency, working memory, verbal memory and attention without attempting to make diagnoses.

Results 

All studies used ratio/confidence interval data to report on the association between exposure to physical activity and cognitive health. The reference against which ratios are evaluated was based on either no physical activity or the lowest tertile, quartile or quintile category of physical activity. 

Across the 12 studies, physical activity was associated with a 20% - 37% reduced risk of cognitive decline; a 32% to 42% reduced risk of incident dementia; a 31% - 65% reduced risk of incident AD; up to 37% reduced risk of incident VaD.

Study 6 after a 21-year follow-up reported up to 65% reduced risk of AD for leisure-based physical activity but Study 7, by the same research team, found no significant effect for occupational and commuting based physical activity.

Study 10 found that at least one regular physical activity yielded protection against cognitive decline but, perhaps importantly, that the highest level of protection was experienced by APOE-є4 carriers for whom the risk was 66% lower compared to just 12% lower for non-carriers. 
Cohort studies taken overall provide support for the hypothesis that physical activity is associated with a reduced risk of later life cognitive decline and dementia. This may be manifest either as delayed onset or a slower rate of decline. However, the effects are not altogether consistent. Studies 2 & 5 both found that the effects applied to all cause dementia and AD but not to VaD. In contrast, Study 8 found significant effects for VaD but not AD. Interestingly, studies show different outcomes associated with different levels of physical activity. While in general they indicate a linear relationship in which higher levels of activity yield greater risk protection, in Studies 1 & 3 moderate levels of exercise provided greater risk reduction than high levels of exercise. The differential results of studies 6 & 7 suggest a psychosocial component that has, to date, received little attention.

Figure 3: Forest plot summary of prospective cohort studies evaluating the effect of high vs low physical activity on cognitive decline and dementia in elderly people.
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                                 Table 1: Selected prospective cohort studies of Physical Activity and Cognition in older persons

	Study Number Author
	Sample


	Design

Analysis
	Follow-up interval/duration
	Predictor/Exposure
	Outcome
	Adjustments
	Associations
	Risk

	1. (Yaffe, Barnes, Nevitt, Lui, & Covinsky, 2001)

	5,925 Female ≥ 65 yo; community dwelling; predominantly white; w/out cognitive or physical impairment; Recruited from Study of Osteoporotic Fractures recruited from 4 States in USA.


	Prospective cohort. 

Quartiles based on weekly walking and weekly kilocalories expended determined by Logistic regression. To examine odds of cognitive decline.
	6-8 years
	Two primary measures of physical activity were 1) city blocks walked per week and 2) total kilocalories expended per week. Divided into quartiles.
	Cognitive decline – 3 points  on modified MMSE
	1, 3, 29, 23, 19, 25, 12, 32, 35, 36, 37,

.
	Frequency of cognitive decline x  weekly PA by quartiles.

Lowest Q 24% (Ref)

Second Q 21.6%

Third Q 17.6%

Fourth Q 16.6%

Frequency of cognitive decline x weekly k/cal by quartiles.

Lowest Q 24% (Ref)

Second Q 21.6%

Third Q 17.6%

Fourth Q 16.6%
	OR (95% CI)

1.00

0.87 (0.72 – 1.05)

0.63 (0.52 – 0.77)

0.66 (0.54 – 0.82)

1.00

0.90 (0.74 – 1.09)

0.78 (0.64 – 0.96)

0.74 (0.60 – 0.90)

	2. (Laurin, Verreault, Lindsay, MacPherson, & Rockwood, 2001)
	4,615, ≥ 65 yo recruited from

CSHA-1. Male & female urban & rural community dwellers. Cognitively normal.


	Prospective cohort, case control.

Univariate & multivariate logistic regression.
	5 yrs
	Exercise data based on 2 questions in a self-admin questionnaire – frequency and intensity of  weekly exercise - 

None=ref

Low

Moderate

High
	Incident cognitive impairment no dementia (CIND), AD, any dementia and VaD.

NINCDS-ADRDA
	1, 2, 3

1, 2, 3, 13, 18,  23, 24, 27, 28, 29 

	PA & CIND

None = Ref

Low

Moderate

High

PA & AD

None = Ref

Low

Moderate

High

PA & any Dementia

None = Ref

Low

Moderate

High

PA & VaD

None = Ref

Low

Moderate

High
	OR, (95% CI)

1

0.66 (0.46 – 0.96)

0.67 (0.52 – 0.87)

0.58 (0.41 – 0.83)

Test for trend p<.001

1

0.67 (0.39 – 1.14)

0.67 (0.46 – 0.98)

0.50 (0.28 – 0.90)

Test for trend p<.02

1

0.64 (0.41 – 1.02)

0.69 (0.50 – 0.95)

0.63 (0.40 – 0.98)

Test for trend p<.04

1

0.54 (0.20 – 1.44)

0.70 (0.37 – 1.31)

0.63 (0.27 – 1.44)  

Test for  trend p<.46


	3, (Larson et al., 2006)
	1,740 randomly selected ≥ 65 yo from Adult Changes in Thought Study (ACT) recruited from the Seattle Area Group Health Cooperative. 

Non-demented community dwellers. 
	Prospective cohort.

Cox P Hazard regression models.
	Biennial/ 6.2 years
	Self-reported frequency of exercise at baseline – number of days per week @ minimum 15 minutes for the past year.

Performance  based physical function (PPF).
	Age of onset of Incident Dementia and type of dementia by DSM-IV and NINCDS-ADRDA criteria.
	1, 2, 
3, 8, 12, 13, 17, 23, 24, 30, 32, 35, 38, 39, 40,

	Ref: Ex < 3xweek

Exercise >3 x week with incident dementia.
After all adjustments 

Ref: Ex < 3 x week

Exercise >3 times a week with incident dementia.

Ref: Ex < 3 x week

Exercise >3 times a week with incident AD.
Ref: Ex < 3 x week

Exercise >3 times a week with Incident AD

After adjustment for all potential confounds

Ref: Ex < 3 x week

Exercise >3 times a week with incident AD.


	HR (95% CI)

1

0.62  (0.44 – 0.86) p = 0.004

1

0.68 ( 0.48 – 0.96) p = 0.030

1

0.64 (0.43 – 0.96) p = 0.031

1

0.69 (CI, 0.45 – 1.05) p = 0.081



	4. (Weuve et al., 2004)
	16,466 Women, 70– 81 yo,

Recruited from Nurses Health Study from 1986 when PA items were added to that study.


	Prospective cohort, 

Multiple linear regression
	Biennial follow-up 1986 – 2001,
	PA – self-report estimates of time/week walking, jogging running, cycling, aerobics, other vigorous; and low intensity – yoga etc.

Est walking pace, stairs climbed. Calc MET-hrs/week equivalent.

Ave energy  expenditure 5 reports over 8-15 years
	Cognition – category fluency; WM & attention; verbal M; Global score.

From TICS (telephone interview for Cog Status)

East Bosto Mem test (EBMT)

Digit Span Back

Note: did not assess development of dementia
	Model 1: 

1, 3, 17, 18, 23, 24,  48, 49, 50, 51, 52, 53, 54, 55,  56, 57, 58,.

Model 2: + 32, 34, 35, 38, 59, 60, 61.
	PA and Cognitive decline

Global score Women 5th quintile for PA cf lowest.

 REF

5th Quintile
	OR (95% CI)

1

0.80 (0.67 – 0.95

Test for  trend p = <0.001

Note: Except for category fluency,  cognitive measures, higher physical activity was significantly associated with less cognitive decline with p for trend < 0.001




	5. (Abbott et al., 2004)
	3,734 men, 71 – 93 yo at recruitment into Honolulu-Asian Aging Study

1991-1993.

2257 at final follow-up.


	Prospective cohort.

Logistic regression 
	2 f/ups @ 3 and 6 years – total f/up 7 years.
	Distance walked daily for leisure over the duration of the study.
	Time to onset of all dementia, AD and VaD

Cognitive Abilities Screening Instrument (CASI).
	1, 3, 8, 14, 15, 21, 32, 34, 35, 38, 41, 42, 43,
	Distance walked daily and total dementia

>2 ml/day = Ref

< 0.25 ml/day

0.25 – 1 ml/day

1 – 2 ml/day

Distance walked daily and AD

>2 ml/day = Ref

< 0.25 ml/day

0.25 – 1 ml/day

1 – 2 ml/day

Distance walked daily and VaD

>2 ml/day = Ref

< 0.25 ml/day

0.25 – 1 ml/day

1 – 2 ml/day


	RH (95% CI)

1

1.93 (1.11 – 3.34), p = 0.02

1.75 (1.03 – 2.99), p = 0.04

1.33 (0.73 – 2.45), p = 0.35

1

2.21 (1.06 – 4.57), p = 0.03

1.86 (0.91 – 3.75), p = 0.09

1.88 (0.87 – 4.04), p = 0.11

1

1.17 (0.42 – 3.27), p = 0.77

1.21 (0.45 – 3.22), p = 0.70

0.16 (0.02 – 1.36), p = 0.09



	6. 


(Rovio et al., 2005) ADDIN EN.CITE 
	Of 1,449 recruited, 1,251 people examined for leisure PA at age 50 yrs, took part in follow-up at age 65-79 yrs.

Derived from the CAIDE Study.


	Prospective cohort.

Multiple logistic regression


	1972, 1977, 1982, 1987 intakes,

20.9 years f/up 
	Midlife leisure-based physical activity dichotomized to Active vs Sedentary
	Dementia/AD.

DSM-IV, NINCDS-ADRDA.
	Model 1: 

1, 2, 3, 26, 46

Model 2: + 4 6, 7, 9, 10, 11, 

Model 3 + 8,  21, 23 ,34, 46, at f/up – 35,   36, 37,  
Other stratified or dichotomous variables to examine interactions.
	Midlife Leisure PA and dementia.

Model 1

Model 2

Model 3

Midlife Leisure PA and AD

Model 1

Model 2

Model 3
	OR (95% CI) vs sedentary group cf. REF.

0.45 (0.24 – 0.85)

0.46 (0.24 – 0.88)

0.47 (0.25 – 0.90)

Significant -  p values not provided.

0.34 (0.15 – 0.74)

0.34 (0.15 – 0.77)

0.35 (0.16 – 0.80)

Significant -p values not provided.




	7. (Rovio et al., 2007)
	Of 1,449 recruited, 1,158 people (examined  for occupational PA at age 50 yrs) took part in f/up at age 65-79 yrs.

Derived from the CAIDE Study.


	Prospective cohort.

Multiple logistic regression


	1972, 1977, 1982, 1987 intakes

21 years f/up 
	Midlife occupational and commuting physical activity dichotomized to

Active vs Sedentary.
	Dementia/AD.

DSM-IV, NINCDS-ADRDA.
	Model 1: 

1, 2, 3, 26, 46 

Model 2: + 4, 6, 7, 9, 10, 11, 

Model 3: +  8 midlife – 21, 34,  47; At follow-up – 36, 35, 37, baseline 23 


	Midlife Occupational PA and commuting PA and dementia.


	Non-sig trends – No effect

On multiple analyses, no trends were significant.



	8. 


(Ravaglia et al., 2008) ADDIN EN.CITE 
	749 cognitvely normal, ≥ 65 yo, from Conselice Study (Italy)


	Prospective cohort

Cox P/haz regression models
	1999/2000 – 2003/2004 = 4 yr f/up
	Self-reported physical activity evaluated using Paffenbarger PAQ. Walking: (city blocks), Climbing (stairs), Moderate Activity (freq/dur, recreational sport, house, garden etc.)

Total Activity 

(kilocalories/week).

Adherence to

CDCP/ACSM recommendationMET


	Incident dementia – AD and VaD.

MMSE,  DSM-IV, NINCDS-ADRDA.
	Model 1: 

1, 2, 3, 8, 

Model 2 + 30, 32, 33, 

Model 3 As for M1 + baseline 29, 27, 28,
	PA & all-cause dementia

Moderate Activity (kcal/wk)

Lower

Upper

Total (kcal/wk) 

Lower

Upper

PA & incident AD

PA upper tertiles cf lower tertiles and VaD.

Walking

Lower

Upper

Moderate Activity (kcal/wk)

Lower

Upper

Total (kcal/wk)

Lower

Upper
	OR (95% CI)

1 (REF)

0.51 (0.28-0.95)  p = 0.037

1 (REF)

0.52 (0.29 – 0.93) p = 0.20

Not significant after multivariate adjustments. 

1 (REF)

0.36 (0.15 – 0.87)*

1 (REF)

0.39 (0.17 – 0.91)*

1 (REF)

0.34 (0.14 – 0.82)*

* significant - p values not shown.




	9. (Podewils et al., 2005)
	3,375, ≥ 65 yo, dementia free at baseline

derived from the Cardiovascular Health Study

study conducted in 4 states of USA.

Thus study called  the Cardiovascular Health Cognition Study


	Prospective cohort

Cox P/haz regression models
	CHS 1989-90

and CHCS

1992-2000

5.4 years f/up.
	Self reported number of physical activities over past 2 weeks. Selected from 14 common types of activity coded into 4 levels.

Also assigned MET equivalents Kcal/week.
	All cause dementia

AD

VaD

TICS, 3MS,

NINCDS-ADRDA.
	Multivariate adjusted model included 1,  2, 3,  5, 8, 16, 27, 28, 64, 65 ,66
	Physical activity and –

All-cause dementia (multivariate)

0-1 Activity

2 Activities

3 Activities

4 Activities

AD 

0-1 Activity

2 Activities

3 Activities

4 Activities

VaD

0-1 Activity

2 Activities

3 Activities

4 Activities

MET Kcal/wk and all-cause dementia. AD, VaD

Stratified by APOE є4 carrier status 
	HR (95% CI)

1

0.90 (0.69 – 1.18) 

0.90 ( 0.66 – 1.22)

0.58 ( 0.41 – 0.83)

p-trend 0.004

1

0.73 (0.49 – 1.08) 

0.85 ( 0.57 – 1.29)

0.55 ( 0.34 – 0.88)

p-trend 0.03

1

1.09 (CI: 0.74 – 1.60) 

1.01 (CI: 0.64 – 1.58)

0.65 (CI: 0.39 – 1.08)

p-trend 0.08

Trends not significant after multivariate adjustment.

No association between PA and MET equivalents in any models.

	10. (Niti, Yap, Kua, Tan, & Ng, 2008)
Singapore Longitudinal. Aging Studies
	2611  ≥ 55 yo recruited from SE Region, Singapore.

1635 retained to follow-up.


	Prospective Cohort,

Logistic regression.
	1.5 yrs
	16 categories of leisure activity  grouped into 3 classes - Physical, Social and Productive.

Note: only PA data reported here.
	Cognitive decline assessed as reduction of 1 point or more on MMSE
	1, 2, 3, 8, 12, 23, 24, 25, 29, 45, 


	At least one PA with cognitive decline –

No PA  (n = 391)

Yes PA (n = 1240)

APOE-ε4 non-carriers

No PA (n = 328)

Yes PA (n = 1011)

APOE-ε4 carriers

No PA (n = 63)

Yes PA (n = 229)
	OR (95% CI)

1

0.78, ( 0.60 – 1.02, p = 0.07)

1

 0.88, ( 0.65 – 1.18, p = 0.39)

1

0.34, ( 0.17 – 0.68, p = 0.003)


	11. 


(Scarmeas et al., 2009) ADDIN EN.CITE 
	2 cohorts (1992 & 1999) total 1880.

Community dwelling; multiethnic, no dementia.

282 developed Incident AD. 

WHICAP recruited from a probability sample of medicare beneficiaries


	Prospective cohort
	Approx every 1.5 yrs, over 5.4 (SD 3.3) years.
	Physical activity and

Combined Mediterranean diet and physical activity.


	Time to incident AD.

DSM-III, NINCDS-ADRDA.
	1, 2, 3, 5, 8, 9,12, 21, 22, 23, 29, 15, 


	Physical activity (PA) and time to onset of incident AD

No PA

Some PA

Much PA

Trend Range

Combined Diet and Physical Activity and time to incident dementia.

Diet Score

Low Range

Middle

High

Trend

Physical Activity

No PA

Some PA

Much PA

Trend Range


	HR (95% CI)

1 

0.71 (0.51-0.98) p = 0.04

0.63 (0.45-0.90) p = 0.01

0.78 (0.67-0.95) p = 0.01

1 

0.98 (0.72-1.33) p = 0.88

0.60 (0.42-0.87) p = 0.007

0.79 (0.66-0.94) p = 0.008

1 

0.75 (0.54-1.04) p = 0.08

0.67 (0.47-0.95) p = 0.02

0.82 (0.68-0.97) p = 0.03



	12. (L. Wang, Larson, Bowen, & van Belle, 2006)
	Random sample of 6782  ≥ 65 yo drawn from a consumer run health maintenance cooperative 

After refusal and other exclusions 2288 community dwelling and without dementia remained in the study.

Adults Changes in Thought ACT study.
	Prospective cohort
	Biennial over 5.9 years
	Physical performance function (PPF).


	Incident dementia and AD. 

CASI,

DSM-IV, NINCDS-ADRDA
	1, 2, 3, 8, 9, 12, 20, 30, 38


	Higher level of physical function and reduced risk of incident AD

Timed walk

Grip strength

Physical perf function (PPF)
	HR (95%CI)

0.81 (0.71 - 0.94) P<.01

0.86 (0.74 – 1.00) P<.05

0.94 (0.90 - 0.99) P<.05

Note 1. HR are more robust when adjustments are made ONLY for age and sex.

Note 2. HR comparing pts with baseline MCI cf no cog impairment suggest marginally greater effect for MCI.



1Age, 2Sex, 3Education, 4SES, 5Ethnicity, 6Occupation, 7Income, 8APOE-є4 gene carrier, 9Leisure PA, 10Occupational PA, 11Commuting PA, 12Depression, 13Self-rated health, 14Baseline physical health, 15Baseline cognitive health, 16Baseline MMSE, 17Dietary supplements, 18NSAIDs, 19Estrogen use, 20Family history AD, 21BMI, 22Caloric intake, 23Smoking, 24Alcohol, 25Functional disability, 26Locomotor symptoms, 27ADL, 28IADL, 29Number of medical conditions, 30CVD, 31CHI, 32Hypertension, 33Hyperhomocysteinemia, 34Total serum cholesterol, 35Diabetes, 36Stroke, time to follow-up, 37Myocardial Infarct, 38CHD, 39Physical performance, 40Cognitive functioning, 41post midlife decline in physical activity, 42childhood years lived in Japan, 43work skills status, 44mid-life diastolic & systolic BP, 45vascular risk factors and events, 46time to follow-up, 47systolic BP, 48aspirin, 49husband’s education, 50antidepressants, 51poor mental health (SF-36), 52 low vitality (SF-36), 53osteoarthrits, 54emphysemia, 55chronic bronchitis, 56balance problems, 57mod-severe body pain, 58health limitations to walking, 59coronary bypass surgery, 60TIA, 61carotid endaryerectomy, 62marital status,  63premorbid IQ, 64MRI white matter grading, 65social network score, 66social support, 67baseline activity level, 68baseline vitamin status, 69adherence to walking program, 70compliance with supplementation.


Randomised Controlled Studies

Results from the randomised controlled studies examining the association between physical activity and mild cognitive impairment (MCI) are summarised in Figure 4. 

Participants

Number of participants recruited for the studies were 170 (Table 2, Study 1), 152, (Study 2) and 33 (Study 3). Mean ages for the three studies were 65 – 75 with age ranges from 50-85 years. All studies recruited participants with cognitive impairment but the Studies 2 & 3 recruited people with an a priori diagnosis of mild cognitive impairment (MCI) whereas the Study 1 undertook its own diagnostic procures to determine the presence of aMCI and non-aMCI prior to randomisation.  

Design and Analysis

All studies randomised participants to treatment or control groups. Studies 1 & 2 undertook analysis on an Intention to Treat (ITT) basis. Studies 1 & 3 used analysis of variance methods. Study 2 used longitudinal regression models.

Time To Follow-up

Using a 6-month long intervention, Study 1 recorded follow-up data at 6, 12 and 18 months. With the 12-month intervention in Study 2, follow-up data were recorded at 6 months and 12 months.  With the 6-month intervention in Study 3 follow-up data were recorded at 3 and 6 months. Thus study 1 was the only RCT to assess the sustainability of any effects arising from the intervention.

Interventions

Participants randomized to the intervention group undertook a 24 week walking (or equivalent) physical activity three times per week for 24 weeks (Study 1), a twice weekly moderate intensity walking program (>3 MET equivalents) for 12 months (Study 2) or a high intensity (75%-85% heart rate reserve) aerobic exercise program 45-60 minutes, four times per week for 6 months (Study 3). The intervention designed for Study 1 provided participants with a range (albeit limited) of choices as to the precise content of their tri-weekly physical activity regime. 

Primary Outcome Variables

RCT studies included more extensive sets of measures of both physical health and cognitive function than did the cohort studies. The more detailed measurements in the RCT studies compared to the cohort studies provided the potential for more thorough differentiation of specific outcomes that might be attributed to the interventions. 

Results

At the 18 month follow-up, a significant intervention effect was reported for ADAS-Cog, Delayed Recall and Clinical Dementia Rating scale (CDR) Sum of Boxes measures (Study 1). This compared to no significant changes in the control group. Study 2 found no significant intervention effects on an ITT basis for either the walking program or FA/B12/B6 supplement use. Study 3, saw significant effects for executive function, symbol digit modalities, the Stroop word - color test, verbal category fluency and the Trail B test. Study 3 also reported differential responses according to gender in which women responded more than men on the executive function and Stroop Test measures.

Figure 4: Forest plot summary of RCT Studies Evaluating the effect of physical activity on older people with MCI.
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Table 2: Selected RCT studies of Physical Activity and Cognition in older persons

	Study Number Author
	Population
	Design Analysis
	Time to Follow-up
	Intervention
	Outcome
	Covariates
	Association
	Results

	1.(Lautenschlager et al., 2008)
	Recruited from community via media and CDAMS.

170 randomised;

138 completed;

50+ yo with cog imp or MCI but not dementia or depression..

Excl criteria - 4+ standard units of alc, chronic mental illness, comorbid compromises,

non-english speaking, sensory impairment.

B/line:MMSE, ICD-10, CDR, CERAD (to evaluate MCI),

Mem.Difficulty 


	RCT

Intention to treat, 

2 Group – physical activity, usual care. 

SAS multiple imputation procedure;

Multivariate repeated measures ITT mixed model (SAS)

ANCOVA GLM for complete case analysis in SPSS.
	6, 12 and 18 months
	3 x 50 minute mod intensity PA  per week for 24 weeks (6 months).
	ADAS-cog
	Age, sex, marital status, pre-morbid IQ included in multivariate model
	Phys activity & Cognition 

At 18 months the

Intervention Group improved on -

ADAS-Cog

Word List Delayed Recall 

CDR Sum of Boxes

Control Grp all measures


	Complete Case Analysis  Repeated measures ANCOVA between subjects

p = .009 (1, 127)

p = .01   (1, 127)

p = .003 (1, 126)

ns


	2. 


(van Uffelen, Chinapaw, van Mechelen, & Hopman-Rock, 2008) ADDIN EN.CITE 
	152 community dwelling with MCI, 70-80 yo


	Randomised-placebo-controlled trial. Intention to treat analysis.

Longitudinal regression analysis used to assess change in each outcome measure.
	1 year total duration.

Follow-up ar 6 & 12 months
	Twice weekly walking program (WP) of 2 levels – moderate intensity (n = 77) or low intensity (n = 75).

People in both groups were then randomised to receive either

Daily Vit B supplement program (n = 78) or placebo pill (n = 74).


	 Cognitive function measured by MMSE.

Memory – Aud Verbal Learning test

Executive Function meas. by Verbal Fluency Test,

Processing Speed Digit Symbol Substitution Test, 
Attention:  Stroop Color Word Test.
	Crude model

Adjusted models – included sex.education, social support, baseline activity level, baseline vitamin status, adherence to walking program, compliance with supplementation.

	Walking program cf placebo

and FA/B12/B6 supplement cf placebo.

Women only:

Walking program – Stroop task

- Verbal learning


	No significant effects on cognitive function.

P = 0.04

P = 0.04

	3. (Baker et al.)
	40 aMCI clinically screened for inclusion.

33 adults (17 women) mean age 70 yrs range 55-85 

29 completed.

Vets Affairs Puget Sound Health Care System


	RCT

Intervention: supervised aerobic sessions at 75-85% HR reserve for 45-60 min/day 4d/wk x 6 months.

Control: Supervised stretching exerxises; same schedule; HR kept at or below 50% HR reserve
	6 months intervention

Baseline, 3 months and 6 months glucometabolic and treadmill tests, fat distribution measured and cognitive tests performed.


	Aerobic exercise

Stretching exercise
	Exec. Function:

Symbol-Digit Modalities; Verbal Fluency; Stroop, Trails B, Task Switching;

Memory: 
Story recall; list learning; delayed match to sample; 

.
	
	Aerobic ex & 

Executive function.

Group x sex interaction – where for women increased VO2 peak was assoc with better exec function.)

Symbol Dig Mod.

Verbal  Fluency

(effect accounted for by category  component, letter component ns). 

Stroop Test – women only,

ns for men.

Trails B (differed by tx grp)

Aerobic grp faster

Controls slower
	MANOVA

F (5,19) = 3.05; p = .04

F (5,17) = 2.98; p = .04

F (1,26) = 4.18; p = .05

F (1,25) = 4.87; p = .04

F (1, 12) = 6.93; p = .02

F (1, 25) = 4.58; p = .04

p = .05

p = .12




Conclusions

Prospective Cohort Studies

Epidemiological studies report that a higher level of physical activity reduces the risk of cognitive decline, all-cause dementia, Alzheimer’s disease and vascular dementia. The results from this review provide a diverse body of evidence supporting a protective or preventive role for physical activity against later life cognitive decline and dementia. Nonetheless, differences between the studies are such that the evidence is not conclusive and, referenced to current criteria, the levels of evidence derived form cohort studies is low (Table 3). 

Differences between the studies exist on key design parameters. Participant populations vary in numbers recruited, mean age and age range, gender and other baseline demographics. Two studies recruited only women and one study recruited only men indicating that the study of physical activity was not the primary motivation for the study.   

Variability in the duration of the studies suggests that results should be treated with some caution. While the studies report positive associations between similar exposures, it would take detailed analysis of the combined data from the different studies to determine the effects of age. Given that age is the most reliable predictor of dementia it should be taken into account. While the individual studies adjust for age, further analysis is necessary to determine the extent to which outcomes of physical activity are independent of age across all studies.

The ways in which physical activity is operationalised varies across studies. Self-report based on recall is the most common method of evaluating duration, frequency and intensity of physical activity. Methods of self-reporting ranged from just one or two questions asked in a semi-informal setting to the use of detailed questionnaires. Only two studies evaluated physical performance function at baseline and follow-up as a means of building a less subjective body of data. Walking is the core modality in all constructs but as summarised (p 12), when taking all studies into account, a wide range of other physical activities associated with day-to-day life was included. This approach has clear ecological validity in that it provides a more comprehensive report of the actual extent to which participants are physically active. However, in a review of this nature, it disallows firm conclusions to be derived from the totality of results across all studies. One method of addressing deficits associated with the diversity of physical activities was to convert raw data to metabolic equivalents, an approach used by four studies.

As apparent in Table 1, evaluations of cognitive status and diagnoses of dementia were made using standardised instruments and methods. While the problems associated with dementia diagnosis are such that they are under constant review, there is no reason to believe that evaluations reported in these studies are less than optimal. It is important to recognise that the preventive potential of physical activity is reported to be differential with respect to specific dementia diagnoses. As summarised (p13), the role of physical activity is not consistent between AD and VaD. While this may simply reflect methodological differences between studies, it would seem to be imperative that these differences be taken into account, referenced to the aetiological parameters and evaluated against both empirical diagnostic and theoretical data.

Finally, these cohort studies do not provide adequate guidelines as to what level of physical activity yields optimal protection. That two studies reported greater risk reduction resulting from moderate levels, as opposed to high levels, of physical activity should not be ignored. As there is no apparent methodological explanation for this variation from an otherwise linear relationship between the level of activity and the degree of protection, it is apparent that some sound theoretical basis is required for determining both benefit and risk.
 Table 3: Summary of outcomes of prospective cohort studies of physical activity and later life cognitive health.

	Lifestyle-related Physical Activity and Later Life Cognitive Health

	Association
	Cognitive Outcome
	N of Studies
	Level of Evidence

	Reduced Risk


	Cognitive decline no dementia (CIND)

All-cause dementia
	5
	Low

	
	Alzheimer’s disease
	7
	Low

	
	Vascular dementia
	4
	Low


Randomised Studies

Randomized controlled studies of physical activity interventions introduced to people with Mild Cognitive Impairment (MCI) have yielded variable results on both global cognitive measures and measures of specific cognitive components. The level of evidence measured against current criteria is summarized in Table 4.

Although they all recruited participants with MCI, the three studies differed on a number of methodological parameters. One study had a small number of participants and the other two, despite having larger numbers, reported that they were inadequately powered to address some of their a priori questions.

Walking was the common activity but one study conducted this activity on a treadmill in the context of a highly supervised program. There were differences in duration, frequency and intensity of activities and differences in follow-up assessment periods. 

It is of note that one study found no significant effects on cognitive function after frequent high intensity activity undertaken over a period of 6 months. This is inconsistent with results of the other two studies but it is may be noted that it is consistent with the epidemiological studies that found a greater protective benefit from moderate as opposed to high intensity activity.

One study reported a significant effect of the physical activity at 18 months post intervention (Lautenschlager et al., 2008). Importantly, the effect was observed on two reliable and well-validated global cognitive measures. That the effect was sustained suggests that the methodological approach employed should be examined closely to determine whether the effect can be explained by some attributes not employed in the other two RCT studies. As has been observed  (P22), participants were allowed some degree of choice as to the exact nature of their physical activity, they were given responsibility for self-management of their program as well as regular contact with researchers and they were provided with educational material. These may provide some explanation as to differential outcomes with an implicit psychosocial component. Conversely, it may be that the cohort is a little younger than those in the other two studies suggesting that there is an optimal age at which such interventions are likely to yield the greatest advantage.

The three intervention studies reported if this review are the only studies published to date. They therefore constitute the sole referents for future RCT approaches.

Table 4: Summary of outcomes of RCT studies of physical activity and MCI.

	Lifestyle-related Physical Activity and Later Life Cognitive Health

	Association
	Cognitive Outcome
	N of Studies
	Level of Evidence

	Improved Performance


	Clinical Dementia Rating

ADAS-cog

Verbal memory
	1
	Moderate-High

	
	Executive Function Verbal Fluency
	1
	Moderate

	No Intervention Effect
	Cognition

Memory

Executive Function
	1
	Moderate


Chapter 3: Social Engagement in Preventing Dementia

Summary of Studies

Results from prospective cohort studies examining the association between social engagement predictors and cognitive decline and dementia are summarised in Figures 5, 6 and 7. Note that the studies in the Social Networks category are not included in these forest plot summaries because they did not provide appropriate data.

Eighteen studies were included in this review (Table 3). The studies are numbered in the tables and are referred to in the following summary by their number in the tables. 

Participants

In total, the studies included a total of 25,650 participants. The number of participants in each study ranged from 135 (Study 16) to 5,698 (Study 8).

The age and age range of participants varied as did the ways of reporting. Five studies recruited people ≥ 65 years (Studies 1, 3, 8., 9 and 10). People aged ≥ 55 years were examined in two separate analyses from the same cohort and reported here as Studies 7, and 14. Studies 2a, 2b, 2c, and 13 recruited people aged ≥ 75. Two studies (4, 11) specified age ranges 70 – 79 and 49 - 81 without providing a minimum age (Studies 4 and 5 respectively). Mean ages of approximately 72, 80 and 81 years were reported in Studies 15, 5, 6, 12 and 18 respectively and median years of birth 1922/1924 and 1921/1923 reported for case/control groups in Studies 16 and 17.

Analysis

Most of the reports were prospective cohort studies. Four used case/control designs (Studies 5, 15, 16, 17). Regression analyses were used by all studies reported either as Odds Ratio (CI) (Studies 3, 7, 11, 14, 15, 16, 17) or HR/Risk Ratio (CI) (Studies 1, 2a, 2b, 2c, 6, 8, 9, 10, 12, 13, 18). Studies 4 and 5 reported beta values together with p values.

To address potential confounds, all studies used adjusted models that variously included age, sex, education, wine consumption, social environment, leisure activities, depression baseline MMSE. baseline cognitive performance, ethnicity, income, housing type, physical disability, CVD profile, sensory impairment, smoking alcohol  physical activity, baseline health, levels of PA, self-efficacy beliefs. neuroticism, extraversion, chronic illness, disability. number of medical illnesses, vascular risk factors/events, functional disability, APOE-ε4 status,. occupation, study centre, marital status hypertension, diabetes,vascular disease history, hypercholesterolemia, IADL, 

visual memory, verbal memory, health limitations to leisure activities, time to  follow-up, baseline activities, comorbidity,
Time To Follow-up

Time to follow-up ranged from 1.5 years (Study 7, 14) to 12 years (Study 3). Studies 1, 3, 6, 8, 9, 10, 12 and 18 undertook interim measures. Studies 15, 16 and 17 performed analyses on baseline data only.

Predictor or Exposure Variables

As might be anticipated, studies the studies included conceptualise and operationalise social engagement in diverse ways. As can be observed by the structure of Table 3, for the purpose of this review, the studies have been grouped into categories under the headings Marital/Family, Social Networks, Leisure Activities and Lifespan. These categories reflect the broad range of foci of the various reports but they do not argue that the four categories are fundamentally discrete. 

In the Marital/Family category of studies, Study 1 references widowed, never married, divorced and separated to either currently married or cohabiting (understood to describe a conjugal relationship). Study 2 employs a similar approach to marital status. Study 2b addresses frequency of and satisfaction with contact with children. Five reports in the Social Networks category use the following constructs. Contact and satisfaction with social networks categorised into five levels (Study 2c); social disengagement (Study 3); social ties and support (Study 4); social activity, networks and support (Study 5) and loneliness (Study 6). The studies included in the Leisure Activities category conflate a number of variables in which the social engagement construct is not always self-evident. This reflects in some cases a philosophical position, in some it provides a basis for comparison between social, physical, cognitive and other parameters. Study 7 includes, as social activities, church attendance, attending the cinema, restaurants, sports contests, excursions and trips, and playing cards and parlour games. Study 8 examines daily hours spent watching television, listening to the radio, music, odd jobs, gardening, knitting, sewing and going for walks and monthly frequency of inviting or visiting friends and relatives, attending organisation events, doing crosswords, playing cards and artistic activities. These variables are separated into mental, physical and social categories which are further classified as stimulating, passive, social support, physical leisure and rated as low, medium or high for analytical purposes. Studies 9, 10 and 11 use a similar approach with the latter focusing on increased engagement in later life as the primary focus. Studies

12 and 13 focus on frequency of engagement and participation. Studies 12 and 14 identify productive activity as a discrete variable of interest – a construct that emerges during this review as having potential significance for future research. Studies tabled under the category of Lifespan focus on social engagement and other activities between 20 and 60 years of age and include novelty seeking and exchange of ideas (Study 17). Study 18 uses later life reduced social engagement as its primary predictor variable.

Primary Outcome Variables

Primary outcome variables are described as dementia (Studies 1, 13, 18), AD (Studies 1,6, 15, 16, 17), incident dementia (Studies 2a, 2b, 2c, 8, 9, 10, 12), cognitive decline (Studies 3, 7, 14) and change in cognitive function (Studies 4, 5, 11).

Results 

Marital Status/Children; Being married or cohabiting was used as the comparator reference in this category.  Studies 1 and 2a reported that never having married and living alone was associated with a 90% increase in the risk of all-cause dementia and a 130% increased risk of AD. Being widowed or divorced or being married but living alone increased the risk by 50% (Study 2a). Using daily/weekly satisfying contact with children as the comparator reference, Study 2b found that unsatisfying daily/weekly contact with children doubled the risk of incident dementia. Unexpectedly, less frequent but unsatisfying contact with children reduced the risk of incident dementia by 10%. The authors interpreted this result as evidence that even negative engagement yields a cognitive benefit by exercising socio-affective cognitive abilities. 

Social Networks: Frequent but unsatisfying contact with social networks increased the risk of dementia by 40% and having no friends or relatives increased the risk by 60% (Study 2c). Study 3 found, after the 12 years follow-up, reduced social engagement increased the odds of cognitive decline by 137%. Study 4 reported a significant association between frequent emotional support from social ties and higher cognitive function both at baseline and at 7.5 years follow-up. Similarly, Study 5 found that social activity and social support were significantly associated with higher global cognition. Loneliness was observed to increase the risk of AD by 51% but, conversely, frequent social activity reduced the risk by 48% at 3.3 years follow-up (Study 6).

Leisure Activities: Eight studies structured social engagement in the context of leisure activities. After a 1.5 year follow-up, Study 7 reported that as few as one regular social activity, after multiple adjustments, yielded significant protection against cognitive decline in APOE - є4 carriers, reducing the risk by 60%. In contrast, Study 8, at 4 years follow-up, reported that high frequency of a wide range of leisure activities that included both socially engaging and solitary activities reduced the risk of all-cause dementia by 51% and of AD by 61%. At 3 years follow-up, Study 9 found, after adjustments for age, baseline cognitive status, visual and verbal memory, that from a wide range of social and leisure activities, only traveling, doing odd jobs, knitting and gardening significantly reduced the risk of incident dementia. This outcome is noted as it is first study in this review to identify productive activity as a variable of potential significance. Study 10, at 3 year follow- up, demonstrated that older participants (mean age 78 years) with high levels of leisure activity, compared to those with low levels, had 38% lower risk of incident dementia. The variables most strongly linked to reduced risk were reading, visiting friends and relatives, going to movies and restaurants, walking for pleasure and participating in excursions. When these activities were grouped into physical, social and intellectual categories, all three domains retained statistical significance. Study 11 which included the specific objective of elucidating causal relationships, showed at 3 year follow-up that increased number of of activities and starting new social activities were associated respectively with 282% and 330% improved performance on cognitive measures. The only study to address causality in its design, the authors concluded that a self-reinforcing reciprocal association existed between engaged lifestyle and cognitive function.

Study 12, using daily mental, weekly social and daily productive activity as constructs, showed that at 6.4 years follow-up after adjusting for age, sex, education, cognitive function, comorbidity, depression and physical function, all three domains reduced the risk of incident dementia by 46%, 42% and 42% respectively compared to no activity.

Evaluating at 5.1 years follow-up both cognitively and physically engaging activities characterised by socially engaging attributes, Study 13 reported that higher levels of cognitive/social activity reduced the risk of dementia by 63%. In contrast, higher levels of physical activity yielded an unexpected increase in dementia risk of 27%.

Study 14 created physical, social and productive constructs and, at 1.5 years follow-up, found results consistent with previous studies for physical activity and social activity. Of particular note is that productive activities (reading, music, media programs, computing, painting gardening, meal preparation, shopping, and both voluntary and paid community work) significantly reduced the odds of cognitive decline by 64% and 33% (for APOE - є4 carriers). Productive activities such as those included in this study combine solitary and socially engaging elements. Taken together, Studies 9, 12 and 14 provide evidence sufficient to suggest that outcomes of activities, whether social, physical, cognitive in nature, may be subject modulation by the extent to which the activities are perceived to have value at the societal level thus allowing individuals to avois feelings of redundancy or dependency.

Lifespan: Studies in this category variously conflated social, occupational, physical and cognitive activities in examining the association between lifestyle factors across the lifespan and later life AD and dementia.  Three of the four reports (Studies 15, 16 and 17) in this category drew their data from the same large cohort. They examine activities between the ages of 20-60 years (Studies 15 and 17) and 40-59 years (Study 16). Lower midlife occupational, intellectual and physical activity, based on diversity, intensity and percentage intensity of each activity relative to the other activities was assoxiated with a 285% increase in the risk of AD (Study 15). Higher daily levels at midlife watching television or engaged in physical activity increased the risk by 32% and 11% respectively (Study 16). In contrast the same study showed the higher levels of daily social activity and intellectual activity reduced the risk of AD by 18% and 16% respectively. Frequency of engaging in novelty-seeking behaviours and exchange of ideas at midlife reduced the risk of AD by 75% and 30% respectively.

Study 18 used a construct of midlife social engagement built upon marital status, living with extended family, participation in social, political and community groups, participation in social events, and the existence of a confidant relationship. No level of midlife social engagement was associated  with the risk of dementia. However, decreased social engagement in later life compared to midlife was associated with an 87% increased risk of dementia.

Figure 5: Forest plot summary of marital status and children
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Figure 6: Forest Plot summary of lifespan (midlife and late life) social engagement (SE) and AD
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Figure 7: Forest plot summary of socially engaging leisure, recreational and productive activities.
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Table 5: Selected studies of Social Engagement and Cognition in older persons

	Author
	Sample
	Design

Analysis
	Follow-up 
	Predictor
	Outcome
	Adjustments
	Associations
	Risk

	MARITAL/FAMILY

	1. (Helmer et al., 1999)
PAQUID
	3,675 non-demented   ≥ 65 yrs,

2,881 completed at least one follow-up.
	Prospective Cohort, Cox prop haz
	1, 3, 5 yrs
	Marital Status – categorical – 4 levels: widowed, never married, divorced, separated Referenced to married/cohabitant
	1. Dementia

2. AD

DSM-III,

NINCDS-ADRDA
	Education, wine consumption, social environment, leisure activities, depression – (no effect).
	Married/cohabiting

Never married  - risk of dementia

Never married  - risk of AD

Never married  - adjusted risk of AD - 
	RR p =  

1

1.91, p =.018

 2.68, p <0.001

2.31, p <0.02

	2a. (Fratiglioni, Wang, Ericsson, Maytan, & Winblad, 2000)
Kungsholmen Project.


	1203 non-dem. ≥ 75 yrs.
	Prospective Cohort,

Univariate and multivariate Cox p/h
	Ave 3 years
	Marital Status & living arrangement.


	Dementia incidence,

DSM-III-R
	Age, sex, education & baseline MMSE & depression. 
	Incident Dementia & Living Arrangement.

1) Married/live with another.

2) Single/live alone

3) Wid/Div – live alone

4) Married/live alone

5) Single/live w another

6)Widowed/div/living w another
	RR & 95% CI

1.0

1.9 (1.2 – 3.1)

1.5 (0.9 – 2.2)

1.5 (0.4 – 6.4)

1.4 (0.5 – 3.9)

1.4 (0.4 – 4.7)

* A cumulative trend when marital, children & social networks were combined showed  chi-square for trend = 12.5, p = .0004


	2b. (Fratiglioni et al., 2000)
Kungsholmen Project
	1203 non-dem. ≥ 75 yrs.
	Prospective Cohort,

Univariate and multivariate Cox p/h
	Ave 3 years
	Frequency and satisfaction of contact with children
	Dementia incidence,

DSM-III-R
	Age, sex, education & baseline MMSE & depression.
	Incident Dementia & frequency of Contact with children

1) Daily-weekly & satisfying

2) < weekly & satisfying.

3) < weekly, & not satisfying.

4) Daily to weekly- not satisfying.

5) No Children
	RR & 95%CI

1.0

1.3 (1.2 – 3.1)

0.9 (0.4 – 2.3)

2.0 (1.2 – 3.4)

1.4 (1.0 – 1.9)

	SOCIAL NETWORKS

	2c. (Fratiglioni et al., 2000)
Kungsholmen Project

NB. See pp 1317-18 of article for combined fx of social n/works, marital and family variables.
	1203 non-dem. ≥ 75 yrs.
	Prospective Cohort,

Univariate and multivariate Cox p/h
	Ave 3 years
	Availability, contact with and perceived adequacy of social network  resources., frequency of contact, satisfaction.
	Dementia incidence,

DSM-III-R
	Age, sex, education & baseline MMSE 
	Dementia & Social N/work.

Daily-weekly- satisfying.

<weekly and satisfying.

<weekly & not satisfying.

Daily-weekly & not satisfying.

No friends or relatives.
	RR & 95%CI

1.0

1.1 (0.7 – 1.8)

1.2 (0.7 – 2.0)

1.4  (0.8 – 2.3)

1.6 (1.0 – 2.6)

	3. (Bassuk, Glass, & Berkman, 1999)
	2812, ≥ 65 yrs, community dwelling, varied cognitive status, not dementia.
	Prospective Cohort study,

Regression analyses
	Baseline + 3 follow-ups at 3 yr intervals over 12 yrs
	A global social disengagement scale
	Cognitive decline - Short Portable Mental  Status Questionnaire

(SPMSQ) coverted to categorical var – High, Medium Low
	Age, baseline cognitive performance, sex, ethnicity, education, income, housing type, physical disability, CV profile, sensory impairment, depression, smoking alcohol and PA.
	Reduced social engagement with increased odds of cognitive decline. 

12 yr follow up
	 OR & 95% CI

2.37, (1.07 – 4.88), p = 0.03


	4. (Seeman, Lusignolo, Albert, & Berkman, 2001)
MacArthur Studies of Successful Ageing
	4030 screened. 91% who met criteria agreed to participate = 1,189 adults – high functioning at baseline.

70 – 79 yo
	Prospective Cohort

multivariate linear regression,
	Duration 7.5 years.
	Social ties and support.
	Cognitive function at baseline and follow-up – 

Language –BNT;

Similarities – WAIS;

Spatial –copying & delayed spatial recognition;

Incidental recall BNT, story
	Covariates – age, education, income, ethnicity, baseline health, levels of PA, depressive symptoms and self-efficacy beliefs.
	Social ties and baseline cognition.

More frequent emotional support/higher cog function.

Not married and greater demands and conflict from networks/ higher cog funct

Social ties and follow-up cognition – more frequent emotional support (only)
	b = 1.43, p = .004

b = 0.97, p = .03

b = 1.20, p = .05



	5. (Krueger et al., 2009)
Rush Memory and Aging Project
	838, no dementia; 80yo
	Linear regression models
	N/a
	Diverse measures of social engagement
	Working, episodic & semantic memory, verbal fluency and processing speed to construct global cognition scores.
	Age, sex, educn., + depress, neuroticism,extraversion, cog & PA, chronic illness, disability.
	Social activity and Global Cognition

Social Support and Global Cognition


	b = 1.73, SE = 0.029, p < .001

b = 0.087, SE = 0.023, p < .001



	6. 


(Wilson et al., 2007) ADDIN EN.CITE 
	791, non-dem., age 81, 76% Female. 
	Cohort

Cox prop haz
	Annual, 2-5 evaluations, mean 3.3.
	Loneliness as per modified de Jong-Gierveld Loneliness Scale (5 items x 5 levels of agreement).


	AD. Composite Global Cognition score built from 19 cognitive & executive function tests.
	Age, sex, education level
	1. Loneliness w. late-life AD

2. More frequent social activity w. reduced AD risk
	RR (95%CI) 1.51, (1.06–2.14).

0.52, (0.34–0.79).


	LEISURE ACTIVITIES

	7. (Niti et al., 2008)
Singapore Longitudinal. Aging Studies
	1635, ≥55yo,

292 APOE-ε4 carriers
	Prospective Cohort
	1.5 yrs
	Differential effects of social activities – attending church, cinema,, restaurants, sports contests, excursions and trips, playing cards and parlor games.
	Cognitive decline assessed as reduction of 1 point or more on MMSE
	Age, gender, education, number of medical illnesses,Va risk factors/events, smoking, alcohol, functional disability, depression, APOE-ε4 status, baseline MMSE interaction.
	At least one social activity (no or yes) with cognitive decline –

No (n = 208)

Yes (n = 1427)

APOE-ε4 non-carriers

No (n = 173)

Yes (n = 1170)

APOE-ε4 carriers

No (n = 35)

Yes (n = 257)
	OR (95% CI)

REF = 1

0.85, (0.59 – 1.22), p = 0.38

REF = 1

0.95, (0.63 – 1.42), p = 0.79

REF = 1

0.40, ( 0.16 – 0.99), p = 0.047



	8. (Akbaraly et al., 2009)
Three City Study - France
	7,190,

7,051 dem free

92.3 completed =

5,698, screened & dementia free. ≥ 65 yrs,
	Prospective cohort, proportional hazards analysis
	4 yrs, 2 follow-ups
	Leisure activity assessed using 2 questionnaires – daily:  - hours spent on TV, radio, music, odd jobs, gardening, knitting/sewing, go for a walk;

Monthly: frequency of inviting friends, inviting rels, visiting friends, visiting rels,attending orgns,crosswords, cards, cinema,artistic activities. Separated into mental, physical, social;

Grouped into stim leisure; passive leisure; social support; phys leisure activities
	Incident dementia.

DSM-IV, NINCDS-ADRDA.
	Model 1: sex, educn, occupation, study centre.

Model 2: model 1 + marital, hypertension, diabetes,vasc dis history,hypercholesterolemia, depression, APOE g-type, IADL, MMSE.


	Frequency of leisure activity and incident all cause dementia 

MODEL 2

Stimulating LA

Low

Mild

High

Alzheimer’s disease

MODEL 2

Stimulating LA

Low

Mild

High


	HR (95% CI)

1

n/s

0.49 (0.31 – 0.79)*

1

n/s

0.39 (0.21 – 0.71)*

* reported to be significant. P values not shown.




	9. (Fabrigoule et al., 1995)
PAQUID
	2040 commumity dwelling, randomly selected.

≥ 65 yrs
	Prospective cohort
	1 & 3 years
	Social and leisure activities incl.

Sports, travelling, visits to friends/family, child care, golden age clubs, reading television, parlor games, gardening, odd jobs, knitting.
	Incident dementia. MMSE global score.
	Note: almost all predictor variables showed a significant reduction of dementia risk.

After adjustment for Age, baseline MMSE, visual memory and verbal memory only the following remained significant..


	Post-adjustment associations with dementia risk. 

REF (those who cannot do activity).

Travelling

Odd jobs or knitting

Gardening


	RR  & CI

1

0.48; (0.24 – 0.94) p =<.05

0.46; ( 0.26 – 0.85) p =<.05

0.53; (0.28– 0.99) p =<.05



	10. (Scarmeas, Levy, Tang, Manly, & Stern, 2001)
	1772, ≥ 65 yrs, non-demented at b/line, no stroke or PD,
	Prospective cohort

 Cox ph to measure RR
	Annual assessment over a mean 2.9 yrs range 0 - 7.2 years,
	Leisure activities  (total 13) were used both as continuous and discrete variables. Examined for individual and combined effects in an additive analysis. Also grouped activities into physical, social  and intellectual, 


	Incident dementia. DSM-III-R and SCID.
	Age, ethnicity,, education, occupation, baseline cognition, health limitations to leisure activities, CVD, depression
	High leisure with incident dementia.

High vs Low (leisure activity)
	RR (95% CI)

0.62, (0.46–0.83)
Significant  p values not provided.



	11. (Bosma et al., 2002)
Maastricht Aging Study
	830, non-demented, stratified by age (range 49 – 81 yrs)
	Prospective cohort
	3 yrs
	Increased engagement in physical, mental and social activities at follow-up
	Higher cognitive function. MMSE, Stroop Color test,, Verbal Learning task, Letter-digit coding task.
	Age, sex , education, length of follow-up interval, baseline activities
	B/line Stroop/increased number of  activities at f/up

Poor

Moderate

Good

Stroop/starting new social activities at  f/up

Poor

Moderate

Good
	OR (95% CI)

1

2.16 (1.28–3.65) p<.01

2.82 (1.59–5.02) p<.01

1

2.50 (1.25–5.00) p<.01

3.32 (1.58–7.01) p<.01


	12. (H. X. Wang, Karp, Winblad, & Fratiglioni, 2002)
Kungsholmen Project
	776, 81.1 ± 4.9 yo. 
	Longitudinal population based cohort
	Follow up at 3 yrs and 6.4 yrs
	Frequency (daily-weekly) of engagement in mental, social and productive activity
	incident dementia. DSM-III.
	Baseline age, sex, education, cognitive function, comorbidity, depression, physical function
	Mental Activity

None

Less than daily

Daily

Social Activity

None

Less than weekly

Weekly

Productive Actvy

None

Less than daily

Daily
	RR (95% CI)

1

0.81, (0.52–1.26)

0.54, (0.33– 0.87)

1

0.92, (0.57–1.47)

0.58, (0.37–0.91)

1

0.95,(0.30–3.00)

0.58, (0.38–0.91)

	13. (Verghese et al., 2003)
Bronx Aging Study
	469 ≥ 75 yo

Community dwellers, 
	Prospective cohort. Cox PH analysis
	5.1 years
	Frequency of participation /Number of  activity-days per wk. Scales: cognitive and physical activities with a predominance of socially engaging activities.


	Dementia. DSM-III, DSM-III-R, NINCDS-ADRDA.
	Age, sex, education level, presence/absence medical illness.
	Cognitive –

< 8 points = REF

1 point increment on activity scale

11 point increment

Physical:

< 9 points = REF

1 point increment

>16 point inc
	HR (95%CI)

1

0.93; (0.90-0.97).

0.37; (0.23-0.61).

1

1.00, (0.98-1.03)

1.27, (0.78– 2.06)



	14. (Niti et al., 2008)
Singapore Longitudinal. Aging Studies
	1635, 

≥55 yo

292 APOE-ε4 carriers
	Prospective Cohort
	1.5 yrs
	Number of productive activities.
	Cognitive decline assessed as reduction of 1 point or more on MMSE
	Age, gender, education, number of medical illnesses,Va risk factors/events, smoking, alcohol, functional disability, depression, APOE-ε4 status, baseline MMSE interaction.
	At least one productive leisure activity with cognitive decline –

No (n = 81)

Yes (n = 1553)

APOE-ε4 non-carriers

No (n = 68)

Yes (n = 1274)

APOE-ε4 carriers

No (n = 13)

Yes (n = 279)
	OR (95% CI)

1

0.36, (0.20 – 0.65), p = .001

1

0.41, (0.22 – 0.79), p = .007)

1

0.12, (0.02 – 0.67), p = .016


	LIFESPAN

	15. ((Friedland et al., 2001)
AD Case Control Study
	193 probable or possible AD.

358 healthy controls.

Mean age approx 72.
	Retrospective case control study
	N/a
	Mean non-Occupational (intellectual, passive and physical) activities btn 20 & 60 years old.

- diversity, intensity & %age intensity (hours for each activity).
	Presence or absence of AD
	Age, sex, income adequacy, educn.
	Midlife activity and AD.

Mean activity level – Controls

Lower mean activity level - Cases


	OR (95%CI)

1

3.85 (2.65 – 5.58) p<.001

	16. 


(Lindstrom et al., 2005) ADDIN EN.CITE .

AD Case Control Study
	135 AD, median yr  of birth 1922;  331 controls, median yr  of birth 1924;  
	Case control study. PCA factor analysisLogistic regression


	N/A
	Hours/day watching TV, engaged in social, physical and intellectual activity during mid adulthood (40 – 59 yrs).

Each hour increase in daily engagement in mid adulthood. 

Note: Case data based on retrospective recall by  surrogates.
	AD. NINCDS-ADRDA and full diagnostic battery. 
	Year of birth, gender, income, education
	Each extra hour  daily increase in activity during midlife/AD

Television

Social Activity

Physical Activity

Intellectual Act.


	OR (95%CI) 

1.32; (1.08 – 1.62) p = .008

 0.82; (0.68 – 0.98) p = .029

1.11; (0.89 – 1.38) p = .344

 0.84; (0.72 – 0.98) p = .029

	17. (Fritsch, Smyth, Debanne, Petot, & Friedland, 2005

AD Case Control Study
	264 cases Recruited from Mem and Aging Centre.
545 controls

Mean yob Cases: 1921

Controls: 1923, 1922
	Case control, factor analysis and logistic regression
	N/A
	Novelty seeking behaviours as per Life History Questionnaire – frequency of engagement between 20 – 60 years of age. 3 point scale never, sometimes, often.
	AD
	Year of birth, gender, ethnicity, education, occupational status.
	AD and 

1.Novelty seeking activities

2. Exchange of ideas


	OR (97.5% CI)

0.25,(0.14-0.44) p <.001

0.70; (0.47–1.04) p <.040

	18. (Saczynski et al., 2006)
Honolulu-Asia Aging   Study.
	2,513 males (recruited 1965).

Cognitive evaluation - 1991
	Cox Regression
	B/line, 3 & 6 years. 
	Social engagement
	Dementia,

CASI,  DSM-III-R, NINCDS-ADRDA.
	Age, sex, educn.,
	Decreased social engagement from mid to late life and dementia risk.
	HR 95% CI)

1.87 (1.12 – 3.13) 


Conclusions

Outcomes of this review largely support social factors as having a role in later life cognitive health and in modulating the onset of dementia. When referenced to current criteria for evidence, all the studies included in this review yield a low level of evidence (Table 6).

While, as expected, the studies vary as to methodological parameters, the data collected appear to be less dependent upon recall than cohort studies of physical activity given that data reflect relatively fixed and current patterns of social engagements.

The studies heuristically model four categories of social engagement as shown in the summary Table 6. While marital status and children remain, for the most part fixed factors that do not lend themselves to experimental manipulation, the development of interventions for future research should take into account the evidence provided by the relatively small but well-conducted studies that argue for an effect of these parameters. They will at least serve as a covariate but it may be that interventions can provide some surrogate social setting that ameliorates the potency of the effects of the absence of family. 

The studies report that lower levels of contact with social networks and higher levels of associated loneliness increase the risk of cognitive decline, all-cause dementia and Alzheimer’s disease whereas frequent emotional support and social activity reduce the risk. These effects are reported to apply both at baseline and at follow-up. 

The studies of social networks provide no direct evidence that later life changes in social networks yield different outcomes regarding cognitive status as they do not take into account later life increases. As it is understood that studies such as these do not provide evidence as to causality and, where later life negative changes are reported ( for example, reduced later life social engagement), it is suggested that reduced social engagement may be a prodromal symptom rather than a cause of dementia. 

While social engagement has a spectrum of possible mediators (for example personality, opportunity, socio-economic status), that may appear to be fixed, interventions should, on the basis of these studies, regard it as a potentially protective factor in the onset of cognitive decline and dementia. As is the case with marital status and children, social engagement may serve as a covariate in intervention studies, but more importantly, it may be possible to operationalise socially engaging activities as part of an intervention.

Diverse leisure activities characterized by the combination of both solitary and collective participation are strongly associated with reduced risk of cognitive decline and dementia. Leisure activities as a construct may be regarded as somewhat tangential to social engagement and indeed there are studies that include activities that are not immediately apparent as specifically socially engaging. However, for the most part, leisure activities and social engagement appear have abundant co-dependent attributes and for the most part the studies construct the exposure variable from a range of activities that include those that are overtly socially enagaging and those that, while solitary, have a productive outcome that arguably has a social component. Two studies explicitly incude productive activity as an exposure in this context (Niti et al., 2008) (H. X. Wang et al., 2002). Figure 7, shows that  the effect sizes are moderate to strong. 
The role of socially engaging activities across the lifespan yielded equivocal evidence indicating that low midlife social engagement was associated with increased risk of dementia.  Perhaps of greater interest is that a reduction in levels of social engagement later in life compared to midlife was associated with increased risk and, on the contrary, increased late life social engagement compared to midlife, was associated with reduced risk. Arguably therefore, intervention studies would yield more positive results if they included socially engaging features.
Table 6: Summary of outcomes of prospective cohort studies of social engagement and cognitive health in later life.

	Lifestyle-related Social Engagement and Later Life Cognitive Health

	Association
	Cognitive Outcome
	N of Studies
	Level of Evidence

	Marital Status and Children

	Increased Risk

never married, single, divorced, widower.

Unsatisfactory relationships with children.

Reduced Risk

not married
	All-cause dementia

Alzheimer’s disease 

Cognitive decline
	2

1

1
	Low

	Social Networks

	Increased Risk:

Unsatisfying contact

No friends or relatives

Reduced social contact

Loneliness

Reduced Risk:

Frequent emotional support and social activity
	All-cause dementia

Cognitive decline Alzheimer’s disease
	3

3
	Low

	Leisure-related Social Engagement

	Reduced Risk

- diverse range of combined social and solitary activities.
	Cognitive decline

All-cause dementia
	8
	Low

	Lifespan – midlife engagement

	Reduced Risk

- from diverse and varied combinations of activities.
	Alzheimer’s disease

All-cause dementia
	4
	Low


Chapter 4: Cognitive Training, Cognitive Rehabilitation in Preventing Dementia

Cognitive training and cognitive rehabilitation interventions aim to improve cognitive abilities. In general terms they may be differentiated on the basis of their goals whereby cognitive training aims to develop or enhance cognitive functions in healthy people and cognitive rehabilitation aims to restore cognitive functions that have been impaired by disease or trauma. 

In this review, studies were categorized as either cognitive training or cognitive rehabilitation on the basis of the way they were defined by the authors. 

Summary of Cognitive Training Studies

Results from studies examining the effects of cognitive training interventions are summarised in Figure 8. Two studies (5 & 6, Table 4) are not included in the forest plot summary because appropriate data were not provided. 

Participants

The seven studies (Table 4) included a total of 5,868 participants. Two studies had small numbers (n = 25 and n = 32) and the remaining studies ranged from 268 to 2,802 participants. One study recruited participants ≥ 55 years of age. All the other studies recruited people ≥ 65 years while other studies specified age ranges from 65 – 94 years (Studies 1 & 2) 75 – 91 years (Study 5) and 75 – 93 (Study 7). Study 6 was the only study that recruited people with a diagnosis (probable AD) of significant cognitive impairment.
Design and Analysis

With one exception the studies randomized participants to intervention and control groups. The exception was Study 5, a single arm longitudinal intervention study. Studies 1 & 2 were single blind, Study 3 a double blind. Blinding in the other studies was unclear. However, given the nature of the interventions, blinding of participants is likely to be compromised simply because of the nature of the interventions. Provision of an unequivocal placebo is not possible.

Studies 1, 2, 3, 4, and 6 used repeated measures or mixed effects ANOVA to evaluate planned outcomes. Studies 5 & 7 used non-parametric analyses.

Time to Follow-up

A wide range of follow-up times and procedures were employed. Study 1 analysed results at 1 and 2 years post-intervention. Study 2, examining essentially the same cohort, undertook a 5 year follow-up. Study 7 also reported data at 5 years post-intervention. Of the remaining studies, data from immediate post-intervention were used (Studies 3 and 4) or post-intervention and 5 or 6 months follow-up (Studies 5 & 6 respectively).

Interventions

While all studies were designed to evaluate the effects of cognitive training, content and delivery varied considerably. Studies 1 & 2 addressed memory, reasoning and speed of processing with each intervention group being assigned to one of those domains with the control group receiving no intervention. In Study 3 the experimental training (ET) group undertook a ‘brain plasticity-based computerized cognitive training program’ using speech and language exercises. The active control (AC) group participated in an intensity-matched cognitive stimulation program consisting of educational DVDs (presented via computer) on history, art and literature followed by quizzes on content. In Study 4 employed a generalized mnemonic training program. The Standard Training group (controls) received the program as designed. The Comprehensive Training group received the same program but with verbal elaboration and relaxation training added.  Study 5 used computer assisted training focusing on attention, visuo-motor performance, reaction time, vigilance and memory tasks, verbal performance and general knowledge. In Study 6 the experimental group had a cognition-specific program addressing procedural memory, attention, short term memory, language, visuo-spatial functions and categorization while the control group undertook recreational activities including conversation, singing, dancing, party games, group discussion of pictures and creative arts activities.  Study 7 used an elaborate construct with a control group and five different groups that received either cognitive training, physical training, psychological education or combination cognitive/physical training, psychological education/ physical training or cognitive/physical training. 

Frequency, duration and intensity of the interventions was highly varied between the studies. Studies 1 & 2 consisted of 10 sessions of 60 – 75 minutes over a 5-6 week period – a minimum of 10 hours in total. Study 3 provided 40 sessions @ 1hr/day, 5 days/week x 8 weeks - a total of 40 hours training. Study 4 was delivered via a program of 10 x 2 hour session 5day/week for 2 weeks. The first and last sessions were used for testing/data collection so participants received a total of 16 hours training. Study 5 was conducted over 14 weeks with 1 x weekly 45 minute duration computer session totaling 10.5 hours of training. Study 6 conducted 15 x 3 hour sessions over 6 weeks with the frequency per week reducing as the training progressed – a total of 45 hours training. Study 7 was delivered to group of 15-20 participants via one weekly session for 30 weeks. Session duration was 90 minutes except for the physical training group where the duration was 45 minutes. Thus the maximum total training time was 45 hours.

In summary, total training times were 10, 10.5, 16, 40 and 45 hours.

Primary Outcome Variables

Across all seven studies, the outcome measures collectively and variously addressed cognitive and executive processes including short and long term memory, attention, processing speed, problem-solving and reasoning and language variables. The studies however did not totally dissociate these from other domains and variously included behavioral, emotional, functional (ADL) and physical outcomes in addition to cognitive measures.

Results

Study 1 reported moderate to strong effects sizes for processing speed, memory function and reasoning ability at 12 months post-intervention. The effects sizes diminished at 24 months but remained significantly better than controls in both memory and reasoning. At 5 years follow-up (Study 2), the effects remained for the participants who received booster training at 11 months post-intervention compared to those who did not receive the booster training. Study 3 reported moderate-strong effects sizes for auditory memory, overall memory and processing speed two months post-intervention. Study 4 revealed significantly improved name and word recall after two weeks of mnemonic training subject to the type of training and participation in a pre-training program. Study 5 reported immediate post-intervention improvements in verbal learning tasks but effects had disappeared at 5 months follow-up. Study 6, at 6 months follow-up reported significant improvements in neuropsychiatric behaviours, memory function, verbal fluency and functional living skills. Of the five intervention models employed in Study 7, at 5 years post-training, the model that combined cognitive and physical training was the only intervention that sustained moderate to strong effects. The effects were apparent in global cognitive function, physical function, emotional status (reduced depression) and independent living capabilities.

Figure 8: Forest plot summary of cognitive training in older people without clinical cognitive impairment.
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Table 7: Selected studies of cognitive training on elderly people.

	Author
	Sample
	Design
	Follow-up Interval/Duration
	Intervention
	Outcome
	Comparisons
	Results

	1. (Ball et al., 2002)
ACTIVE trial
	2,802

65 – 94 yo,

6 sites,

Exclusion: <65 yo, MMSE <22; had a diagnosis of AD; had experienced substantial functional decline medical conditions predisposing to functional decline; some cancers and cancer Tx; sensory impairment; and other conditions that would compromise participation.


	Single blind RCT; 4 groups 

Memory training (episodic);

Reasoning training (problem-solving using a serial pattern);

Processing speed (visual search skills);

No-contact (control) grp.

60% received booster training at 11 months post intervention.

Repeated measures mixed effects model.


	Baseline tests; post intervention, 1 & 2 year follow-up tests.
	Interventions: 10 x  60-75 min sessions over 5-6 weeks.


	Measures of :

Memory x 3,

Reasoning x 3,

Processing speed x 1,

Everyday Prpblem-solving x 2,

Everyday speed x 2,

Reaction time x 2,

Timed ADL x 3,

ADL and IADL x 3 scores from the Minimum Data Set.
	Cognitive abilities

Memory training

Post test

1st Annual Assessment

2nd annual assessment

Reasoning training

Post test

1st Annual Assessment

2nd annual assessment

Speed training

Post test

1st Annual Assessment

2nd annual assessment

Daily function

Everyday Speed (memory training group only)

Everyday Prob Solv.

ADL & IADL

Driving habits
	Net effect size (p value)

0.257 (<.001)

0.212 (<.001)

0.174 (<.001)

0.480 (<.001)

0.402 (<.001)

0.257 (<.001)

- 1.463 (<.001)

- 1.212 (<.001)

- 0.867 (<.001)

- 0.091 (0.02)

ns for all groups.




	2. (Willis et al., 2006)
ACTIVE trial

NB: Same cohort as for Ball et al 2002.  5 yr follow-up
	1,879

65 – 94 yo,

6 sites,

Exclusion: <65 yo, MMSE <22; had a diagnosis of AD; had experiemced substantial functional decline medical conditions predisposing to functional decline; some cnacers and cancer Tx; sensory impairment; and other conditions that would compromise participation.


	Single blind RCT; 4 groups 

Memory training (episodic);

Reasoning training (problem-solving using a serial pattern);

Processing speed (visual search skills);

No-contact (control) grp.

60% received booster training at 11 months post intervention.

Repeated measures mixed effects model.

GLM repeated measures mixed effects. 
	Baseline tests; 

5  year follow-up tests to evaluate durability of training effects and the effect of booster training
	Interventions: 10 x  60-75 min sessions over 5-6 weeks.
	Measures of :

Memory x 3,

Reasoning x 3,

Processing speed x 1,

Everyday Prpblem-solving x 2,

Everyday speed x 2,

Reaction time x 2,

Timed ADL x 3,

ADL and IADL x 3 scores from the Minimum Data Set.
	Cognitive abilities

Memory training

5 year follow-up

Reasoning training

5 year follow-up

Speed training

5 year follow-up

Effect of Booster Training cf  No Booster Training at 5yr follow-up

Memory

Reasoning

Speed Training

Daily function

Lower IADL difficulty

Memory

Reasoning

Speed

Effect of Booster Training cf  No Booster Training at 5yr follow-up

Memory

Reasoning

Speed


	Effect size (99% CI)

0.23 (0.11 – 0.35)

0.26 (0.17 – 0.35)

0.76 (0.62 – 0.90)

n/s

0.28 (0.12 – 0.43)

0.85 (0.61 – 1.09)

n/s

0.29 (0.03 – 0.55)

n/s

n/s

n/s

0.30 (0.08 – 0.52)

	3. (Smith et al., 2009)
IMPACT Study


	487 community ≥ 65 and over, without clinically significant cognitive impairment.

Exclude: neuro or psychiatr illness; stroke; TIA; TBI AcEI;substance abuse; communication impairment; concurrent ptn in other studies.
	Double blind multisite RCT; 2 treatment groups.

ITT nanlysis

Mixed effects ANOVA,
	8 weeks
	ET (exp training) ‘brain plasticity-based computerized Cog Tr program’

AC (active control)

‘intensity-matched cognitive stim program (active control)

40 sessions x 1 h/d, 5 d/w, 8 w
	Primary: Performance on Repeatable Battery for the Assessment of Neuropsychological Status (RBANS),

2ndary: multiple measures of memory and attention.
	Primary Outcome

RBANS: Auditory memory – attention score

Secondary Outcomes

Processing Speed

Overall Memory

RAVLT Raw Score

WMS – digit span back

WM -  letter-number seq

Cog Self-report Q’aire


	Effect size (Cohen’s d).  p value.

0.23, p = .02

0.87, p < .001

0.30, p = .002

0.28, p = .004

0.26. p = .006

0.23, p = .02

0.33, p = .001




	4. (Brooks, Friedman, Pearman, Gray, & Yesavage, 1999)
	268 volunteers Cog Intact (MMSE 27+/30), healthy community dwelling, ≥ 55+yrs. 625 screened, 435 included and 268 included in analyses.


	RCT,

Multiple regression with pre-training, pre-test score and age as the independent variables for name recall AND with age, pretest score, pre-training, length of training and pre-training x length of training interaction as the independent variables for Word List recall.

ANOVA 2 x 2 (pre-training and length of training.
	Pre and post training
	Mnemonic Training

2 week training program (2 hrs day x 5 d/w).

Standard training group:

Comprehensive training group (as for standard training but with verbal elaboration and relaxation training added).

Control grp: same hours of engagement, same test procedures but no mnemonic training.

Mnemonic training included proper name recall and serial word recall.
	Improved face/name recall and word list recall on post training tests.
	Training groups cf Control group

Name recall

Word Recall


	F(1,265) = 6.32, p < = .01

F(1,263) = 14.33, p < = .01

	5. (Gunther, Schafer, Holzner, & Kemmler, 2003)
	25 m & f residents in a home, self-contained living style,

Age75-91

Age-associated memory impairment not dementia,

6 dropped out for health reasons leaving n = 19.


	Longitudinal intervention.

Wilcoxon (T)  signed ranks trest
	14 weeks

and 5 months
	Computer-assisted cognitive training program (CAT) x one 45 minute weekly session x 14 weeks.

Comp Prog.

Aims to improve attention, vis-mot perf,

Reaction time, vigilancememory, verbal perf, general knowledge.
	Information processing speed;

Short term memory;

Long term memory ;

Interference tendency;

Calif. Verbal Learning Test

Nurnberger Aging Inventory (6 tasks)
	Pre T1 and Post (T2)

NAI trail making test

Ist run

2nd run

3rd run.

CVLT interference test.

CVLT learning curve

Ist run

2nd run, 

3rd run

5 month follow up 

ie comparison of  post intervention (T2) and 5 months (T3)
	P values

0.054

0.011

0.179

0.003

0.001

0.001

0.001

No significant differences.


	6. 


(Farina et al., 2006) ADDIN EN.CITE 
	32 volunteers, mean age approx 73 years. Community dwelling outpatients of a Clinical Research Centre. Met criteria for probable AD


	RCT

Pts sequentially assigned to one of two therapeutic interventions to be undertaken in groups of 4.

Total of 15x 3 hour sessions  over  6 weeks. Frequency per week reducing.
	Pre and post measures +  follow-up at 6 months.
	Cognitive –specific activities – procedural mem training on ADLs & n/psych rehab on residual functions aimed at attention, STM, language, vis/spatial and categorization.

Global Stimulation – recreation activities – conversation, singing, dancing, party games, group comments on pictures, creative arts activities.
	Behavioral measures – NPI, Revised memory and Behavior Problems Checklist, GDS,  Clinical Insight Rating Scale, 

Neuropsych tests

MMSE, Rivermead Behavioral Memory Test, Attentional Matrices, Verbal Fluency for Letters and Categories, Rey Figure Copy and Recall,

Functional Assess

Functional Living Skills Assesst.

ADL, IADL, NOSGER.
	Baseline cf  Post-intervention.

Behavioral Scales

NPI Frequency

NPI severity

RMBPC – Frequency

RMBPC – Reaction (of carer).

Neuropsych Tests

Verbal Fluency

Functional Assessment

Functional Living Skills Assessment


	Significant changes were observed in the Global Stimulation Group only.

F* = 5.44, p=.034

F = 8.19, p=.012

F = 9.17, p=.008

F = 6.02, p=.027

F = 25.92, p=.001

F = 6.609, p=.021 

*df not reported.



	7. (Oswald, Gunzelmann, Rupprecht, & Hagen, 2006)
	375 community dwellers, 75-93 yrs,

The SimA Study


	Longitudinal pseudo RCT

6 groups - 

Control grp

Psych ed Trng

Cognitive Trng

Physical Trng

Psyched/Physical.

Cognitive/Physical.

Data Analysis.

Z scores calculated and composites made by combing individual measures within domains.

Non-parametric Wilcoxon-Mann-Whitney tests
	5 years
	Cog Trng – fluid abilities, attention, memory functions.

Physical Trng –balance, perceptual & motor co-ordn, flexibility,

Psycho\ ed Trng – cognitively demanding, everyday-oriented.

Groups of 15-20,

Weekly  sessions for 30 weeks. 90 min for Cog & Psyched, 45 min for Physical.
	Cognitive Function: N’psych Aging Inventory (NAI), Stroop test,, WAIS,

physical function; 

KTK Test; handgrip;  other evaluations 

Emotional status/independent living;

Zung S/Rated Depressions Scale (SDS) 

Numeric Rating Scale

Everyday competence; interview questionnaire

Health status; clinical assessment

Well-being;

NAI items – self-rating neuropsych symptom list, QoL, subjective well-being.
	Outcome Domain

Intervention Groups cf Control.   

Change in mean z-score baseline and at 5 years,

Cognitive Function:

Cognitive 

Cognitive + physical

Cognitive Impairment

Cognitive + physical

Physical Function

Cognitive + physical

Emotional Status

Cognitive + physical

Independent Living

Cognitive + physical

Health Status 
Cognitive + physical


	Effect size (Cohen’s d), 

0.35, p =< .001

0.75, p =< .001

0.59, p =< .001

0.59, p =< .05

0.25, p =< .05

0.25, p =< .05

0.25, p =< .05




Conclusions: Cognitive training

Outcomes of cognitive training are summarized in Table 8 below.

The studies support the view that cognitive training produces better performance on neuropsychological tests for both cognitively healthy older people and people with early Alzheimer’s disease. Cognitive training also has emotional, behavioural and self-management benefits.

The improvements are apparent in the specific domains of memory, processing speed and reasoning. However, there is only limited evidence that improvements in these domains translate to a greater ability to manage the demands of daily life. Where studies included measures of behavioural, emotional and daily living functions, improvement was evident in those domains but it should be noted that the interventions also included components aimed to nurture those functions. Thus improvement on these measures cannot be attributed to the explicitly cognitive components of the interventions. This therefore questions the idea that improved cognition automatically bestows a benefit in those domains.

The intervention programs operationalised in the studies were, in some cases, strikingly different with respect to focus, content, delivery and duration. This review highlights the apparent fact that the literature does not reflect an agreed best practice in cognitive training. The variability in approaches indicates that researchers develop models appropriate to their hypotheses. While the potential for adaptability in cognitive training models is useful, the theoretical framework within which these adaptations were made is not consistently well described.

The evidence for an effect of cognitive training suggests that there is a potential role for its application in the context of a multi-domain intervention that includes physical and social components. As with those domains, inclusion of a cognitive training component will involve detailed background investigation as to the desired outcomes, the procedures most likely to yield those outcomes and specific design parameters that facilitate those outcomes.

Table 8: Summary of intervention studies of cognitive training

	Cognitive Training and Later Life Cognitive Function

	Association
	Cognitive Outcome
	N of Studies
	Level of Evidence

	Memory
	Performance on components of neuropsychological tests


	7
	Moderate - High

	Processing Speed
	
	3
	

	Reasoning
	
	2
	

	Emotional & Behavioural
	
	2
	

	Independence
	Activities of Daily Living
	2
	


Summary of Cognitive Rehabilitation Studies

Results from studies examining the effects of cognitive rehabilitation interventions are summarised in Figure 9. Study 4 is not included in the forest plot summary because a complete dataset was not available as a result of a high attrition rate in the control group.

Participants

 In the 8 cognitive rehabilitation studies included in this review a total of 418 participants were evaluated. However, the same 49 participants populated Studies 2, 3 & 4. Mean ages across all studies were approximately 75 years. Study 1 included only those with a diagnosis of amnestic Mild Cognitive Impairment (aMCI). Studies 2, 3 and 4 participants were included on the basis of subjective memory and cognitive function complaints, not a clinical diagnosis. Study 5 included only those with a diagnosis of MCI. Studies 6, 7 and 8 included people with both MCI and AD (mild-moderate in Study 6, mild in Study 8).

Design and Analysis

With the exception of Study 8 in which participants were grouped according to diagnosis, all studies were randomized. Studies 1 and 7 were single blind RCTs. Studies 2, 3, and 4 used a block randomized crossover design and Studies 5 & 6 were reported as randomized without further detail. Studies 1 – 7 employed ANOVA models in analysis. Study 8 reported on data from Bonferroni adjusted t-tests.

Time to Follow-up

Study 1 recorded data 2 weeks post-intervention and again at 4 months. Studies 2, 3 and 4 using a crossover design recorded post-intervention data the follow-up data at 6 and 9 months. Studies 5 and 6 had a 12 month follow-up, Study 7 post-intervention and again at 3 months. Study 8 had only immediate post-intervention data with which to evaluate change from baseline.

Interventions

Study 1 participants received 5 weekly sessions each of 90 minutes duration totalling 7 ½ hours. The sessions provided an education program about memory functions that included class and written material together with ‘real world’ assignments that focused particularly on prospective memory and on the use of memory aids and strategies. The intervention in Studies 2, 3 and 4 took part in a cognitive training and rehabilitation protocol in groups of 5 – 6. After an introductory seminar there were 12 weekly x 3 hour sessions giving a total of 36 hours of actual training time after the orientation seminar. In addition, there were individual meetings between participants and trainers throughout the training period. The program sessions addressed 3 domains – memory, goal management and psychosocial factors – in 3 x 4 week blocks. The crossover design dictated randomization to an early training group (ETG) or a late training group (LTG) both of which served as the control for the other. The Study 5 intervention was a software program Neuropsychological Training (TNP) undertaken in 3 blocks separated by 2 months. Each block comprised – 20x1 hr sessions 5 d/wk x 4 wks. The Cognitive-Motor Intervention in Study 6 was delivered to groups of  7-10 participants via 2 x 3.5 hour sessions p/wk for 12 months (total 103 sessions totaling 360.5 hours). The program included reality orientation, cognitive exercises (memory, attention, language, calculation, v/spatial and executive function components.  Study 7 delivered 24 x 2 x 45 min sessions weekly over 12 weeks. For the cognitive rehabilitation (CR) group sessions included components for face-name association learning, time/place orientation, procedural and motor memory, attention and visuo-motor processing, money change calculation, and cheque balancing. The memory stimulation (MS) group usuing the same delivery protocol took part in computer games, identification words from letter prompts, word-making tasks, topic of the day recall tasks and homework review. In Study 8 the intervention consisted of a 4 week structured multi-component group cognitive rehabilitation program for 5 days/week x 22 hr/wk x 4 weeks totaling 88 hours. The program included problem solving, self-assertiveness training, relaxation techniques, stress management training, cognitive training and motor exercises.

Primary Outcome Variables

A diverse range of outcomes were assessed collectively and variously across the eight studies. They included measures of prospective, short term, and long term memory , knowledge of memory strategies, measures of simulated real-life tasks, executive function mood, locus of control, self-efficacy happiness, life orientation, behavioural indices, global cognition and activities of daily living.

Results

Study 1 reported no significant main effects at 4 month follow-up after a program of prospective memory training despite a group interaction favouring the intervention. Study 2 at 9 months post memory training intervention reported significant primary and secondary memory improvement in word recall and logical stories recall. However, the crossover design may have contributed to the fact that the outcome was only apparent in the early training group. In Study 3 which evaluated the outcomes of Goal Management Training, Significant improvements were observed at 9 months post-ontervention in simulated real-life tasks and in executive functions in both the early training group and the late training group. Study 4 at 9 months post-intervention found a strong trend on a global psychosocial score only in the early training group. In these three studies, the late training group was reported to have lost motivation as a consequence of having a long delay between recruitment and participation. Study 5 reported that the intervention group with MCI undertaking neuropsychological training in conjunction with ChEI medication had robustly significant improvements in memory, mood and behavioural measures. The MCI group on ChEI medication without cognitive rehabilitation training improved on depression scores only and the no-intervention group showed no improvement on any measures. Despite trends, Study 6 authors concluded that the study was underpowered. At 12 months post-intervention, after 800 hours of cognitive rehabilitation training, t-tests yielded significant effects only on total behavioural and quality of life indices. Study 7, at 3 months post-intervention,  revealed group x time interactioins favouring the intervention group on face-name recognition, orientation, reaction time and money management measures. In Study 8, the MCI group significantly omporoved on measures of episodic memory, activities of daily living and mood. The AD group and the MCI waitlisted group did not improve on any measures.

Figure 9: Forest plot summary of the effects of cognitive rehabilitation on people with and without cognitive impairment.
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Table 9: Selected studies of the effects of cognitive rehabilitation on older  people with and without cognitive impairment.

	Study
	Sample
	Design/Analysis
	Follow-up Interval Frequency

Duration
	Intervention
	Outcome
	Comparisons
	Results

	1. 


(Kinsella et al., 2009) ADDIN EN.CITE 
	Recruited 54 of 89 people with  diagnosed aMCI referred.

Mean age approx 76 years.

44 (82%) at final follow-up.


	Single blind RCT – intervention grp and wait listed control grp

Repeated measures ANCOVA. Group (intervention/waitlist) WS factor assessment @ 2weeks and 4 months.

Baseline scores and age as covariates.
	5 week intervention, 1 p/w 90 min session

Assessments – baseline, 2 weeks post intervention and 4 months follow-up.
	Educn about memory functions, class + written material +  ‘real world’ assignments focused on use of memory aids & strategies
	Prospective memory performance, psychological status.


	Memory in Everyday Activities 

Prospective Memory

 but

Group effect (mean scores favour intervention grp).

Knowledge and Use of memory Strategies

but

Group effect (mean scores favour intervention grp).


	n/s

F(1,36) = 5.98, p=.020, η2 =0.14,

n/s

F(1,27) = 4.33, p=.047, η2 =0.14,

,




	儁

(Stuss et al., 2007) ADDIN EN.CITE 
NOTE: Details in this row apply to studies 2, 3, & 4 following.
	49 (27 F, mean age 78.7 y,) healthy community dwelling, middle-class with subjective complaints of memory and cognitive problems despite confirmation of normal cognitive functions.

Baseline measures to ensure equality of grps.

MMSE, NART-R,

Digit Span, Logical memory, Judgement of Line Orientation, Wis Card Sorting, BNT, Beck Anxiety Index, Ger Depr Scale


	Block randomized (MMSE, yrs of educn, sex,, age) to early training group (ETG, n = 29)) or late training group (LTG, n = 20) Within subjects crossover design.

LTG & ETG served as control for each other..

.
	4 testing sessions  for both grps.

A –baseline

B - @ 3 months ETG group completed trng.

C - @ 6 months

LTG group completed trng.

ETG 9 month follow-up

D – @9 months

LTG 9 months follow-up.

Multiple tests employed to evaluate Memory, Goal Management and Psychosocial components (see below).
	Cognitive training & rehabilitation  protocol addressing 3 domains – memory, goal management and psychosocial factors.

See studies following below.
	See studies 3, 4 & 5 below
	Baseline and post training.
	See studies 3, 4 & 5 below


	2. (Craik et al., 2007)
	Described in 2. above.
	Described in 2. above.
	Described in 2. above.
	MEMORY -

study of how to improve; internal & external strategies described and practiced.
	Measured using 4 tests -

1. Alpha Span 2. Brown-Peterson Test (word recall)

3. Verbal learning test (HVLT-R).

4. Logical Stories Test


	Assessment A (baseline) and Assessment D (9 months post-training).

Alpha Span

ETG and LTG

Brown-Peterson Test

ETG and LTG

HVLT-R

Total words recalled

ETG 

LTG

Secondary memory

ETG

LTG
Logical Stories Test

Immediate Recall

ETG

LTG

Delayed Recall

ETG

LTG
	ANCOVA

ns

ns

F(1, 16) = 18.21, p < .001

ns

F(1, 16) = 10.46, p < .005

ns

F(1, 23) = 140.64, p < .001

F(1, 13) = 11.23,  p < .005

F(1, 23) = 83.82, p < .001

F(1, 13) = 25.53,  p < .001



	3, 


(Levine et al., 2007) ADDIN EN.CITE 
	Described in 2. above.
	Described in 2. above.
	Described in 2. above.
	GOAL MANAGEMENT.

Study focused on periodic review of goal hierarchies & behaviours. Practical simulated real-life tasks


	Measured using

2 tests  -

1.  Simulated real-life tasks (SLRT).

2. Dysexecutive questionnaire 

(DEX).
	Assessment A (baseline) and Assessment D (9 months post-training).

SLRT Total Score

ETG

LTG

DEX

ETG

LTG
	ANCOVA

F(1, 15) = 14.49, p = .002

F(1, 11) = 5.32,  p = .04

F(1, 27) = 10.16, p = .004

F(1, 14) = 9.15,  p = .01


	4. (Winocur, Palmer et al., 2007)
	Described in 2. above.
	Described in 2. above.
	Described in 2. above.
	PSYCHOSOCIAL

Study evaluated psychosocial outcomes of  the cognitive training and rehabilitation protocol described in 2. above.
	Global score generated from the following measures -

1.Ger. Dep Scale (GDS).

2. Locus of Control (LOC).

3. QoL.

4. Self-Efficacy (SE)

5. Happiness Scale (MUNSH).       6. Life Orientation Test (LOT).
	Assessment A (baseline) and Assessment D (9 months post-training).

Global Score


	ANCOVA

ns - ETG was close to a significant effect t21 =1.98, p = .06

LTG attrition cited as a function of the study design which involved a long waiting period thought to demotivate pts.

	5. 


(Rozzini et al., 2007) ADDIN EN.CITE 
	59, m&f, 63-78 yo. Independent living, male and female meeting MCI criteria, not depressed, all on stable ChEI tx.
	Intervention study.

Pts randomized to 3 groups.

Grp 1: Cog Rehab + ChEI (n = 15)

Grp 2:ChEI only (n = 22)

Grp 3: No treatment (n22).

ANOVA – continuous variables.


	12 months.
	Cog rehab consisted of a software program Neuropsychological Training (TNP) in

3 blocks separated by 2 months.

Block comprised –20x1 hr sessions 5 d/wk x 4 wks.

ChEI – either donepezil, rivastigmine, galantamine
	Change in cognitive function measured by: MMSE, story recall, category and letter fluency, coloured matrices, copy and delayed recall Rey’s figure,

Behavioral disturbance (NPI), depression (GDS)and ADL monitored.

Post-intervention assessment 3 months post TNP block.
	Grp 1 (TNP + ChEI).

Story Recall

Coloured Matrices

GDS

NPI Total

Grp 2 (ChEI only)

GDS

Grp 3 (no treatment)
	Mean (SD), p values B/line – f/up

7.4 ± 22.6 – 11.00 ± 3.5, p = 0.01

24.2 ± 3.1 – 26.6 ± 4.2, p = 0.02

3.5 ± 2.1 – 2.2 ± 1.3, p = 0.02

18.7 ± 7.9 – 10.7 ± 7.0, p = 0.016

4.4 ± 2.6 – 3.5 ± 2.7, p = 0.05

No significant changes in any measures.


	6.


(Olazaran et al., 2004) ADDIN EN.CITE 
	After screening, 84 enrolled from 97 M&F pts recruited from outpatient clinics.  MCI or mild/mod AD. Mean age approx 74 years. All on stable ChEI tx
	Randomised to either

Exp Grp: Cognitive-motor Intervention (CMI) + psychosocial support.

Control Grp: psychosocial support only.

Modifed Intention to Treat analysis using ANCOVA wirh b/line score, age, sex, education as covariates.
	12 months, measures taken at baseline, 1,3 6 and 12 months.
	CMI- in groups of  7-10 pts: 2 x 3.5 hr sessions p/wk for 12 months (total 103 sessions). Included reality orientation, cognitive exercises (memory, attention, language, calculation, v/spatial and executive function components.
	Primary: ADAS-Cog,

Secondary: MMSE, ADL. GDS (depression)

Efficacy measures introduced after the start of the study and re-assessed at 12 months include:

NPI

Cornell Scale for depression in dementia (CSDD) ADRQL
	ADAS-cog at 12 months

MMSE @12 months

ADL @12 months

Group difference @ 12 months  - t test

NPI Total score

ADRQL – relations with others
	ns

ns

ns

Trends showed deterioration in both groups  CMI group declining at a slower rate.

Power analysis suggests that the study was underpowered.

p = .008 favors intervention grp

p = .005 favors intervention grp

	7.


(Loewenstein, Acevedo, Czaja, & Duara, 2004) ADDIN EN.CITE 
	44 pts, male and female, mean age approx 76 yrs, mildly cognitively impaired, probable AD, on stable ChEI tx. English or Spanish 1st language.
	Single blind RCT.

Randomised to 2 grps.

Grp 1: cognitive rehabilitation (CR).

Grp 2: mental stimulation (MS).

Mixed repeated measures ANOVA.
	1-2 wks repeated @ 3 months post intervention.
	24 bi-weekly 45 min sessions.

CR: 1 face-name assocn learning. 2. Time/place orientation. 3. procedural & motor memy. 4. attention & visuo-motor processing, 5. money change calculation, 6. cheque balancing.

MS: computer games, 2. identify words from letter prompts, 3. word-making tasks, 4. Topic of the day recall, 5. Homework review.
	CERAD list learning.

WMS-III logical memory,

Digit Span.

Trailmaking. Category Fluency test.
	Group X Time interactions – 

Favoured CR:

Face-Name Assoc Task

Orientation

Calc Change/Purchase

Change/Purchase Errors 

Reaction Time
	F (2, 84) = 5.89, p=<0.005

F (2, 84) = 15.16, p=<0.0001

F (2, 84) = 4.24, p=<0.05

F (2, 66) = 5.29, p=<0.05

F (2, 66) = 8.24, p=<0.001.

	8. (Kurz, Pohl, Ramsenthaler, & Sorg, 2009)
	40 people recruited from University psychiatric clinic.  Mean age approx 69 yrs. 
	Groups assigned by diagnosis: MCI=18

Early AD = 10

MCI grp = 12 (wait list control) 

Pre/post comparisons made using Bonferroni adjusted t tests.
	Intervention duration = 4 wks,

Measures taken at baseline and post intervention.
	A 4 week structured multi-component group cog rehabilitation program.

5 days/wk = 22 hr/wk x 4 weeks.

Included: Problem solving, self-assertiveness training, relaxation techniques, stress mgt, cognitive training and motor exercises.
	Assessment measures – 

Episodic memory –verbal,

Episodic memory – non-verbal,

ADL

Mood (Beck)


	Pre/post outcomes

MCI intervention grp

Episodic - verbal 

Episodic - non-verbal 

ADL

Mood

AD  intervention grp

Episodic - verbal 

Episodic - non-verbal 

ADL

Mood

MCI waitlist grp

Episodic - verbal 

Episodic - non-verbal 

ADL

Mood
	Paired sample t tests – only p-values provided.

p < .001 

p < .001

p < .01

p < .01

ns

ns

ns

ns

ns = .03

ns

ns

ns


Conclusions: Cognitive rehabilitation

Cognitive rehabilitation interventions have yielded improvements in memory, executive functions and emotional and behavioral status. There are some conflicting outcomes for memory, psychosocial and independent living effects of cognitive rehabilitation (see Table 10 below).

Participants were included in these studies on the basis of having either subjective memory complaints (in the absence of a clinical diagnosis) or a diagnosis of either MCI or AD. This is consistent with the aim of cognitive rehabilitation which is to restore functions impaired by disease or trauma, and in the context of this review, constitutes heuristic confirmation of the suggested differentiation between rehabilitation and training referred to above.

The outcomes of the rehabilitation programs reviewed are distinguished from those of the training programs reviewed above in that they focus more heavily on ‘real life’ functional outcomes in addition to more constrained and specific memory, reasoning and executive functions. These outcomes include prospective memory related to self-management of personal affairs and real life tasks related, for example, to money management. In conjunction with these measures, two studies in particular placed emphasis on an educative role for the program. This approach explicitly differentiates between training aimed at skill development and education aimed at developing higher order knowledge that supports self-management – a body of knowledge that may be defined as supervisory knowledge.

The cognitive rehabilitation studies also place more emphasis on neuropsychiatric, socialization and orientation outcomes than is the case with the training studies reviewed.

This raises the possibility that both cognitive training and cognitive rehabilitation programs that provide self-management education may yield more sustainable and generalisable effects than programs that focus only on specific cognitive tasks and functions.

As with cognitive training models, it appears that there is scope to adapt cognitive rehabilitation programs according to needs. Such an approach should be undertaken within a clearly defined a priori theoretical framework.
Table 10: Summary of intervention studies of cognitive rehabilitation

	Cognitive Rehabilitation and Later Life Cognitive Function

	Association
	Cognitive Outcome
	N of Studies
	Level of Evidence

	Significant Effect

	Memory
	Performance on components of neuropsychological tests.


	4
	Moderate - High

	Executive functions
	
	2
	

	Emotional & Behavioural
	
	3
	

	Independence
	Activities of Daily Living
	1
	

	No effect

	Memory
	
	2
	Moderate - High

	Psychosocial

- mood, locus of control, self-efficacy, orientation
	Performance on components of neuropsychological tests
	1
	

	Independence
	Activities of Daily Living
	1
	


Chapter 5: Developing Interventions

This review has identified several issues that have the potential to inform the development of new interventions for use in further evaluation of the proposal that lifestyle factors have a preventive role in later life cognitive health. 

The goal of research in this field is to meet criteria for the highest level of evidence but, by their very nature, physical activity, social engagement and cognitive training and rehabilitation are likely to compromise core design elements required by these criteria. Epidemiological studies referenced to the six criterion levels published by the Australian National Health and Medical Research Council (NHMRC, 1999) meet fourth and fifth levels. The randomised studies at best meet the second level of evidence.

Nonetheless, emerging from this review is the understanding that, even if the most demanding criteria cannot be met, there remain a number of research design elements that can be implemented to build upon and improve the quality of evidence currently available to health policy makers and healthcare providers. Given the persistent and unresolved concerns about our understanding of the causes, treatment and management of ageing-related changes in cognitive health and function and especially of the various dementias, the fact that evidence continues to emerge in support of a preventive role for factors that are clearly within our individual and collective control suggests that further investigations should be undertaken as a matter of urgency.

The studies examined have all aimed to determine whether lifestyle is associated with later-life cognitive health and, in many cases, they have explicitly aimed to determine whether changes in lifestyle later in life can modulate cognitive function. The factors of interest are typically categorised into domains such as physical activity, social engagement and mental activity. Epidemiological studies vary in the extent to which they examine different category domains concurrently but randomised studies, as might be expected, constrain their investigations to one domain such as physical, cognitive or social. These domains appear to lend themselves to being operationalised in controlled studies.

While it is apparent from the outcomes of this review that the factors of interest have been observed to modulate cognitive functions, perhaps of greater interest for future research is the emergence of information that is, intentionally or serendipitously, suggestive of research models that might provide a more naturalistic and arguably more meaningful conceptual framework upon which to develop interventions. This framework derives from two apparent elements. Firstly, none of the independent studies reviewed conceptualise and operationalise physical activity, social engagement or cognitive training and rehabilitation in the same way. This appears to argue for a robust effect of these factors such that they are not dependent upon a high degree of operational specificity at least with respect to their content minutiae. Secondly, despite extensive attempts to control for potential confounds, it is clear that synergies exist between the lifestyle factors of interest. This is entirely consistent with a ‘real life ‘ view and brings into focus the notion that reductionist scientific models that have clear functional value in many investigative pursuits may, if rigidly applied in this context, undermine future investigations. Modelling lifestyle into discrete domains may not constitute an optimal approach.

A multi-domain approach

A recently reported randomized study combined physical, cognitive and social activity in a manner that frankly dismisses the notion that the three activities are anything but integrated. Furthermore, the study was founded upon the understanding that trial outcomes would be more robust if the activities in which participants were engaged had real world meaning. Briefly, the intervention recruited retired people (mean age approximately 70 years) who undertook an intensive 8 week training program prior to being placed in elementary schools where they undertook teaching roles with children up to third grade. The study required 15 hours per week commitment for a school year and participants were expected to fulfil their roles with a high degree of independence while working in an integrated manner with school staff. The study showed differential and significant effects between the intervention group and a wait-listed group on measures of executive and memory functions (Carlson et al., 2008). The authors argued that the results were preliminary and that they did not expect to observe major cognitive changes until subsequent years of participation. The study was conceived as of long duration measured in years rather than months. Key to the conception of the study was that participants were integrated into the education community, they were challenged to learn new skills and knowledge and that they were fulfilling a productive role. The intervention group had a very low attrition rate but the wait-listed group had a high attrition rate that threatened the success of the study.

Physical activity and social engagement

Several studies in this review combined different lifestyle factors in ways that explicitly or implicitly acknowledge interdependence. While these combinations are not argued with reference to theoretical models, their combined and independent associations are explored. Physical activity and Mediterranean diet were examined for both independent and combined associations with time to onset of incident AD 


(Scarmeas et al., 2009) ADDIN EN.CITE . A multiple set of social activities that included physical and cognitive elements were categorised into low, mild and high levels of stimulation to evaluate their combined association with incident dementia (Akbaraly et al., 2009) and social and leisure activities including sport, games, clubs events, gardening, odd jobs, travel were examined separately and in combination using a several regression models (Fabrigoule et al., 1995). Physical, social and intellectual leisure activities were examined in an additive analytical procedure in which levels of activity were compared to determine their individual and collective associations with incident dementia (Scarmeas et al., 2001).

Two studies introduced another element in examining the role of social engagement in later life cognitive health by explicitly treating productive activities as a separate variable. When treated separately, productive activity reduced the risk of incident dementia to the same degree as mental activity and social activity (H. X. Wang et al., 2002). Another study based analyses on the number of productive activities and reported a 64% reduction in the risk of cognitive decline (Niti et al., 2008).

Extending the suggestion that combinations of physical, social and mental activities are important to the design of meaningful interventions is evidence that the variety in activities may influence outcomes. While higher levels of physical activity were clearly associated with reduction of more than 60% in the risk of AD and VaD 


(Ravaglia et al., 2008) ADDIN EN.CITE , another study showed that a greater number (diversity) of moderately active domestic and recreational undertakings also reduced the risk by over 40% (Podewils et al., 2005).

These examples support the suggestion that categorising lifestyle factors for the purpose of developing interventions is not the optimal approach and that ecological meaning may be a critical factor in the development of interventions aimed at maintaining cognitive health in older people.
Cognitive training and cognitive rehabilitation

Cognitive interventions are more extensively employed in controlled studies than is the case with physical activity and social engagement and therefore their use in a multi-domain intervention may benefit from precedent.

An emerging aspect from this review concerns the focus of cognitive interventions. Those reviewed generally separate into two approaches employed in both cognitive training and in cognitive rehabilitation studies. The first, and predominant, approach in cognitive training focuses directly on the use of exercises aimed at improving specific functional processes, including memory, reasoning, processing speed, reaction time, attention and vigilance 


(Ball et al., 2002; Gunther et al., 2003; Smith et al., 2009; Willis et al., 2006) ADDIN EN.CITE . This approach exemplifies the notion of training in that it is reported to be skills oriented and appears to employ computerised training modules more frequently than is the case with studies of cognitive rehabilitation.

The second approach, which appears to be used more in rehabilitation studies, is reported as focusing on understanding of the nature of the goals, self-management, self-directedness and self-understanding. This approach is modelled in a manner more akin to education than to training 


(Craik et al., 2007; Kinsella et al., 2009; Levine et al., 2007; Winocur, Craik et al., 2007) ADDIN EN.CITE .

The latter approach, with a greater emphasis on self-management, is supported by a well-developed theoretical rationale 


(Stuss et al., 2007) ADDIN EN.CITE . 

Issues to address in developing a multi-domain intervention

Compliance and retention

An intervention study that aims to evaluate the preventive potential of multiple lifestyle factors will require a substantial commitment by volunteers. It is conceivable that an adequate intervention will require fundamental changes in the way people live their daily lives. If this is the case, it will ask more of participants than just the level of altruism typically demonstrated by volunteers who contribute to ageing research. It will involve a change in lifestyle.

Duration, frequency and intensity

Studies reviewed largely demonstrate that the level of cognitive and other benefits arising from interventions or exposure are dependent upon frequency and duration of engagement. Studies are less unequivocal about the intensity of activities and suggest in some cases that high intensity exposures do not yield greater value than moderate levels. However, epidemiological studies are not consistent in the methods used to evaluate activity levels and their categorical summary of levels of physical and social activities are self-referenced rather than referenced to any normative database.

Variety

A number of studies report that the variety of activities is a significant factor. It is likely to be important in maintaining motivation of participants but variety may also have a stimulative role.

Measurement Instruments 

Throughout most of the reviewed studies, a standardised set of clinical screening and neuropsychological evaluation instruments are used to evaluate baseline cognitive functions and to evaluate exposure and intervention-related changes in cognitive status at follow-up. For the most part these are well-established, reliable and valid tools. While clinical screening instruments vary with regard to their appropriateness as measures of change, in prospective studies with long follow-up times, they serve their purpose adequately. Neuropsychological instruments used to evaluate in detail the multiple components of global cognitive status appear to be used appropriately.

However, in developing multi-domain interventions the question arises as to whether there is a need for another instrument or set of instruments. The question is initiated specifically by the use in cognitive rehabilitation studies of approaches that are characterised by an educational rather than a training approach and it addresses the need to be able to evaluate the quality of learning that has been achieved. This approach has been foreshadowed, albeit minimally, to evaluate a goal management training program aimed at developing knowledge and understanding as the basis for improving performance 


(Levine et al., 2007) ADDIN EN.CITE . The question arises as to whether there may be a useful role for a narrative form of self-report that would yield complementary evidence for use in conjunction with the more strictly data-based evaluations of performance on neuropsychological tasks.

Participants

Given that intervention studies examining lifestyle factors are likely to face difficulties in meeting critical design factors, research cohorts should be as homogeneous as possible. While there are potentially ethical risks associated with applying rigid demographic constraints, excessive variability within cohorts can compromise outcomes. 

Design

Developing interventions is challenging because if interventions are to meet duration, frequency and variety criteria there will be potentially challenging logistical matters to manage on a regular basis.

Determining control conditions will be similarly challenging. Studies report that wait-listing leads to high attrition of participants 


(Carlson et al., 2008; Winocur, Craik et al., 2007) ADDIN EN.CITE  so crossover designs and placebo groups are not recommended. While it may be possible to develop strategies to maintain a no-intervention group successfully, it may be necessary to randomise participants to two intervention groups. In such an event, developing a second intervention model to serve as a control that does not, in effect, mimic the primary intervention may be difficult. 

Conclusion

The development of interventions that improve current understandings of the potential for lifestyle factors is supported by evidence examined in this review. Although the evidence does not meet the highest levels when evaluated against current criteria for evidence-based practice, it does provide valuable insights into the issues that need to be accounted for in developing interventions that adequately replicate lifestyle attributes and that adequately elicit the benefits that appear to arise from regular physical activity, a socially engaged way of life and cognitively challenging and rewarding activities.
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

		Saczynski		CHT		Increased/reduced Mid-late				2513				2513								383				805																																										5024																																																																																																																																																																																																																																																																																																																																																																																																																																																												metaworkbookbyevan_1-1

		Saczynski		CHT		High vs Low Late-life SE				2513				2513								284				762																																										5024

		Saczynski		CHT		High vs Low Mid-life SE				2513				2513								286				253																																										5024

		Fritsch		CCS		Novelty seeking				264				364																																												0.25		0.14		0.44		0.001				626

		Lindstrom		CCSA		SE vs TV viewing				135				331																																												1.32		1.08		1.62		0.008				464

		Lindstrom		CCSA		Intellectual engagement				135				331																																												0.84		0.72		0.98		0.029				464

		Lindstrom		CCSA		Social engagement				135				331																																												0.82		0.68		0.98		0.029				464

		Friedland		CCS		Composite activity				193				358																																												3.85		2.65		5.58		0.001				549
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		Saczynski		CHT		Increased/reduced Mid-late		0.0117		0.0282		0.4165		-0.4032		-0.4585		-0.3479		0.0553		0.0701		-0.5313		-0.6070		-0.4556		0.0757																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Saczynski		CHT		High vs Low Late-life SE		0.0111		0.0282		0.3947		-0.4820		-0.5373		-0.4267		0.0553		0.0765		-0.6772		-0.7599		-0.5945		0.0827																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Saczynski		CHT		High vs Low Mid-life SE		0.0087		0.0282		0.3094		0.0424		-0.0128		0.0977		0.0553		0.0913		0.0757		-0.0230		0.1744		0.0987																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Fritsch		CCS		Novelty seeking																										0.1611		-0.7643		-1.0800		-0.4486		0.3157																																																						0.0808		0.2660		0.1076		0.4244		0.1584		YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Lindstrom		CCSA		SE vs TV viewing																										0.0570		0.1531		0.0413		0.2648		0.1118																																																						0.1021		0.2708		0.0707		0.4710		0.2002		YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Lindstrom		CCSA		Intellectual engagement																										0.0434		-0.0961		-0.1811		-0.0111		0.0850																																																						0.1021		0.2230		0.0228		0.4231		0.2002		YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Lindstrom		CCSA		Social engagement																										0.0514		-0.1094		-0.2102		-0.0087		0.1007																																																						0.1021		0.2230		0.0228		0.4231		0.2002		YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Friedland		CCS		Composite activity																										0.1047		0.7432		0.5380		0.9485		0.2053																																																						0.0893		0.2938		0.1188		0.4689		0.1750		YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

		Saczynski		CHT		Increased/reduced Mid-late		-0.4032		-0.4585		-0.3479		0.0553				1

		Saczynski		CHT		High vs Low Late-life SE		-0.4820		-0.5373		-0.4267		0.0553				2

		Saczynski		CHT		High vs Low Mid-life SE		0.0424		-0.0128		0.0977		0.0553				3

																		4

																		5

																		6

		Fritsch		CCS		Novelty seeking		-0.7643		-1.0800		-0.4486		0.3157				7

																		8

																		9

																		10

		Lindstrom		CCSA		SE vs TV viewing		0.1531		0.0413		0.2648		0.1118				11

		Lindstrom		CCSA		Intellectual engagement		-0.0961		-0.1811		-0.0111		0.0850				12

		Lindstrom		CCSA		Social engagement		-0.1094		-0.2102		-0.0087		0.1007				13

																		14

																		15

																		16

		Friedland		CCS		Composite activity		0.7432		0.5380		0.9485		0.2053				17
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meta1data

		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

		Larson		CHT		incident dementia				1295				445																																												0.62		0.44		0.86						1738																																																																																																																																																																																																																																																																																																																																																																																																																																																												metaworkbookbyevan_1-1

		Weuve		CHT		Cognitive Decline				3720				3753																																												0.06		0.03		0.08						7471

		Niti		CHT		Cognitive Decline				1240				391																																												0.78		0.6		1.02						1629

		Wang		CHT		incident dementia				1422				319																																												0.93		0.89		0.97						1739

		Yaffe		CHT		Cognitive decline				1456				1450								248				348																																										2904

		Laurin		CHT		Dementia				731				1103								47				169																																										1832

		Abbott		CHT		Incident Dementia				455				600								19				49																																										1053

		Rovio		CHT		Leisure PA and Dementia				515				736								15				38																																										1249

		Rovio		CHT		Occup. PA and Dementia				724				434								32				12																																										1156

		Ravaglia		CHT		Incident Dementia				250				250								19				41																																										498

		Podewils		CHT		Incident dementia				892				674								103				129																																										1564

		Scarmeas		CHT		Cognitive Decline				499				308								69				71																																										805





meta1results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_1-2

		Larson		CHT		incident dementia																										0.0943		-0.2636		-0.4483		-0.0788		0.1847																																																																YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Weuve		CHT		Cognitive Decline																										0.1379		-1.5511		-1.8215		-1.2807		0.2704																																																																YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Niti		CHT		Cognitive Decline																										0.0746		-0.1370		-0.2833		0.0093		0.1463																																																																YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Wang		CHT		incident dementia																										0.0121		-0.0400		-0.0637		-0.0163		0.0237																																																																YES				2		Ia and Ca		Ia and Ca				MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Yaffe		CHT		Cognitive decline		0.0149		0.0371		0.4024		-0.1732		-0.2459		-0.1004		0.0727		0.0930		-0.2374		-0.3379		-0.1370		0.1005																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Laurin		CHT		Dementia		0.0141		0.0477		0.2965		-0.2999		-0.3934		-0.2065		0.0935		0.1724		-0.5338		-0.7201		-0.3475		0.1863																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Abbott		CHT		Incident Dementia		0.0146		0.0622		0.2347		-0.1700		-0.2919		-0.0482		0.1218		0.2778		-0.3933		-0.6934		-0.0931		0.3001																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Rovio		CHT		Leisure PA and Dementia		0.0110		0.0574		0.1918		-0.1173		-0.2299		-0.0047		0.1126		0.3105		-0.3286		-0.6641		0.0070		0.3355																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Rovio		CHT		Occup. PA and Dementia		0.0110		0.0607		0.1807		0.0916		-0.0274		0.2106		0.1190		0.3441		0.2681		-0.1037		0.6399		0.3718																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Ravaglia		CHT		Incident Dementia		0.0288		0.0894		0.3220		-0.2733		-0.4486		-0.0980		0.1753		0.2935		-0.4792		-0.7964		-0.1621		0.3171																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Podewils		CHT		Incident dementia		0.0186		0.0510		0.3635		-0.2089		-0.3089		-0.1089		0.1000		0.1434		-0.3281		-0.4830		-0.1731		0.1550																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Scarmeas		CHT		Cognitive Decline		0.0285		0.0725		0.3939		-0.2342		-0.3762		-0.0922		0.1420		0.1874		-0.3442		-0.5467		-0.1417		0.2025																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value





meta1summary

		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

		Larson		CHT		incident dementia		-0.2636		-0.4483		-0.0788		0.1847				1

																		2

																		3

																		4

		Weuve		CHT		Cognitive Decline		-1.5511		-1.8215		-1.2807		0.2704				5

																		6

																		7

																		8

		Niti		CHT		Cognitive Decline		-0.1370		-0.2833		0.0093		0.1463				9

																		10

																		11

																		12

		Wang		CHT		incident dementia		-0.0400		-0.0637		-0.0163		0.0237				13

																		14

																		15

																		16

		Yaffe		CHT		Cognitive decline		-0.1732		-0.2459		-0.1004		0.0727				17

																		18

																		19

																		20

		Laurin		CHT		Dementia		-0.2999		-0.3934		-0.2065		0.0935				21

																		22

																		23

																		24

		Abbott		CHT		Incident Dementia		-0.1700		-0.2919		-0.0482		0.1218				25

																		26

																		27

																		28

		Rovio		CHT		Leisure PA and Dementia		-0.1173		-0.2299		-0.0047		0.1126				29

		Rovio		CHT		Occup. PA and Dementia		0.0916		-0.0274		0.2106		0.1190				30

																		31

																		32

																		33

		Ravaglia		CHT		Incident Dementia		-0.2733		-0.4486		-0.0980		0.1753				34

																		35

																		36

																		37

		Podewils		CHT		Incident dementia		-0.2089		-0.3089		-0.1089		0.1000				38

																		39

																		40

																		41

		Scarmeas		CHT		Cognitive Decline		-0.2342		-0.3762		-0.0922		0.1420				42
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meta1data

		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

		Helmer		CHT		Marital status - AD				179				2106								19				73																																										2283																																																																																																																																																																																																																																																																																																																																																																																																																																																												metaworkbookbyevan_1-1

		Fratiglioni		CHT		Marital Status - dementia				1203				1203								45				34																																										2404

		Fratiglioni		CHT		Children -Y/N - Dementia				1203				1203								96				80																																										2404

		Fratiglioni		CHT		Social Ties - Y/N -dementia				1203				1203								148				23																																										2404





meta1results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_1-2

		Helmer		CHT		Marital status - AD		0.0234		0.0779		0.3001		0.2382		0.0856		0.3908		0.1526		0.2703		0.6594		0.3673		0.9515		0.2921																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Fratiglioni		CHT		Marital Status - dementia		0.0073		0.0408		0.1781		0.0513		-0.0286		0.1312		0.0799		0.2310		0.1598		-0.0898		0.4094		0.2496																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Fratiglioni		CHT		Children -Y/N - Dementia		0.0106		0.0408		0.2603		0.0511		-0.0288		0.1310		0.0799		0.1572		0.1084		-0.0614		0.2783		0.1699																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value

		Fratiglioni		CHT		Social Ties - Y/N -dementia		0.0103		0.0408		0.2516		0.4129		0.3330		0.4928		0.0799		0.2281		1.0882		0.8417		1.3346		0.2465																																																																										YES				1a						OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD and (p-value or t-value)		p-value or t-value





meta1summary

		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

		Helmer		CHT		Marital status - AD		0.2382		0.0856		0.3908		0.1526				1

																		2

																		3

																		4

		Fratiglioni		CHT		Marital Status - dementia		0.0513		-0.0286		0.1312		0.0799				5

		Fratiglioni		CHT		Children -Y/N - Dementia		0.0511		-0.0288		0.1310		0.0799				6

		Fratiglioni		CHT		Social Ties - Y/N -dementia		0.4129		0.3330		0.4928		0.0799				7
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_2-2
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_3-2





meta3summary
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_4-2
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_5-2
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meta1data

		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

		Loewenstein		RCT		Calculation				25				19																																																		0.005				42																																																																																																																																																																																																																																																																																																																																																																																																																																																												metaworkbookbyevan_1-1

		Loewenstein		RCT		Orientation				25				19																																																		0.001				42

		Loewenstein		RCT		Face-name association task				25				19																																																		0.05				42

		Olazaran		RCT		Social relationships				38				37																																																		0.005				73

		Olazaran		RCT		Neuropsychiatric symptoms				38				37																																																		0.008				73

		Rozzini		RCT		Neuropsychiatric symptoms				15				22																																																		0.016				35

		Rozzini		RCT		Depression				15				22																																																		0.02				35

		Rozzini		RCT		Reasoning skills				15				22																																																		0.02				35

		Rozzini		RCT		Memory				15				22																																																		0.01				35

		Levine		RCT		Executive function				29				28																																																		0.004				55

		Levine		RCT		SLRT				29				28																																																		0.001				55

		Craik		RCT		Working memory				29				28																																																		0.001				55

		Craik		RCT		Logical stories delayed recall				29				28																																																		0.001				55

		Kinsella		RCT		Prospective mem Strategies				22				22																																																		0.047				42

		Kinsella		RCT		Prospective mem performance				22				22																																																		0.02				42





meta1results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_1-2

		Loewenstein		RCT		Calculation																																																																																								0.3044		0.8543		0.2578		1.4509		0.5965		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Loewenstein		RCT		Orientation																																																																																								0.3044		1.0015		0.4049		1.5980		0.5965		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Loewenstein		RCT		Face-name association task																																																																																								0.3044		0.5965		-0.0000		1.1931		0.5965		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Olazaran		RCT		Social relationships																																																																																								0.2310		0.6483		0.1956		1.1010		0.4527		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Olazaran		RCT		Neuropsychiatric symptoms																																																																																								0.2310		0.6125		0.1598		1.0652		0.4527		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Rozzini		RCT		Neuropsychiatric symptoms																																																																																								0.3348		0.8066		0.1503		1.4629		0.6563		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Rozzini		RCT		Depression																																																																																								0.3348		0.7790		0.1227		1.4353		0.6563		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Rozzini		RCT		Reasoning skills																																																																																								0.3348		0.7790		0.1227		1.4353		0.6563		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Rozzini		RCT		Memory																																																																																								0.3348		0.8625		0.2062		1.5188		0.6563		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Levine		RCT		Executive function																																																																																								0.2649		0.7626		0.2433		1.2819		0.5193		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Levine		RCT		SLRT																																																																																								0.2649		0.8718		0.3525		1.3911		0.5193		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Craik		RCT		Working memory																																																																																								0.2649		0.8718		0.3525		1.3911		0.5193		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Craik		RCT		Logical stories delayed recall																																																																																								0.2649		0.8718		0.3525		1.3911		0.5193		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Kinsella		RCT		Prospective mem Strategies																																																																																								0.3015		0.5989		0.0079		1.1899		0.5910		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Kinsella		RCT		Prospective mem performance																																																																																								0.3015		0.7014		0.1105		1.2924		0.5910		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD





meta1summary

		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

		Loewenstein		RCT		Calculation		0.8543		0.2578		1.4509		0.5965				1

		Loewenstein		RCT		Orientation		1.0015		0.4049		1.5980		0.5965				2

		Loewenstein		RCT		Face-name association task		0.5965		-0.0000		1.1931		0.5965				3

																		4

																		5

																		6

		Olazaran		RCT		Social relationships		0.6483		0.1956		1.1010		0.4527				7

		Olazaran		RCT		Neuropsychiatric symptoms		0.6125		0.1598		1.0652		0.4527				8

																		9

																		10

																		11

		Rozzini		RCT		Neuropsychiatric symptoms		0.8066		0.1503		1.4629		0.6563				12

		Rozzini		RCT		Depression		0.7790		0.1227		1.4353		0.6563				13

		Rozzini		RCT		Reasoning skills		0.7790		0.1227		1.4353		0.6563				14

		Rozzini		RCT		Memory		0.8625		0.2062		1.5188		0.6563				15

																		16

																		17

																		18

		Levine		RCT		Executive function		0.7626		0.2433		1.2819		0.5193				19

		Levine		RCT		SLRT		0.8718		0.3525		1.3911		0.5193				20

																		21

																		22

																		23

		Craik		RCT		Working memory		0.8718		0.3525		1.3911		0.5193				24

		Craik		RCT		Logical stories delayed recall		0.8718		0.3525		1.3911		0.5193				25

																		26

																		27

																		28

		Kinsella		RCT		Prospective mem Strategies		0.5989		0.0079		1.1899		0.5910				29

		Kinsella		RCT		Prospective mem performance		0.7014		0.1105		1.2924		0.5910				30
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		Study		Effect		lower 95%CI		upper 95%CI		error bars		count
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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meta2results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_2-2
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count
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		Study		Effect		lower 95%CI		upper 95%CI		error bars		count
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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meta3results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_3-2
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																metaworkbookbyevan_3-3





meta3models
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_4-2
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count
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		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																metaworkbookbyevan_5-1





meta5results

								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_5-2





meta5summary

		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																metaworkbookbyevan_5-3





meta5models

		Study		Effect		lower 95%CI		upper 95%CI		error bars		count

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																metaworkbookbyevan_5-4






_1341045107.xls
Chart2

		Cognitive Training and Rehabilitation		Cognitive Training and Rehabilitation

		Social Engagement		Social Engagement

		Physical Activity		Physical Activity



Selected for Examination

Included in Review

41

15

38

19

47

15



Sheet1

		Physical Activity		2,258

		Social Engagement		3468

		Cognitive Training and Rehabilitation		2436

		Cognitive Training and Rehabilitation		2,436		41		15				Cognitive Training and Rehabilitation		41		15

		Social Engagement		3,468		38		19				Social Engagement		38		19

		Physical Activity		2,258		47		15				Physical Activity		47		15





Sheet1

		0		0

		0		0

		0		0



Selected for Examination

Included in Review



Sheet2

		





Sheet3

		






_1340964813.xls
Chart6

		0.2680870008		0.4527162294		0.4527162294

		2		NaN		NaN

		3		NaN		NaN

		4		NaN		NaN

		0.4247515846		0.3232013164		0.3232013164

		0.4247515846		0.3232013164		0.3232013164

		7		NaN		NaN

		8		NaN		NaN

		9		NaN		NaN

		0.2108372309		0.1776355262		0.1776355262

		11		NaN		NaN

		12		NaN		NaN

		13		NaN		NaN

		-0.0683548603		0.2590934487		0.2590934487

		0.1959550162		0.266399796		0.266399796

		0.0943003167		0.2458115921		0.2458115921

		17		NaN		NaN

		18		NaN		NaN

		19		NaN		NaN

		0.1830979028		0.1090637204		0.1090637204

		0.1848174645		0.110087991		0.110087991

		0.1840153233		0.1096101892		0.1096101892



1

5

6

10

14

15

16

20

21

22



meta1data

		Study		Design		Variables		NIb		NIa		NCb		NCa		N(tot)b		N(tot)a		Ib		Ia		Cb		Ca		mean(Ib)		mean(Ia)		mean(Cb)		mean(Ca)		SD(Ia)		SD(Ca)		MD		lCI95(MD)		uCI95(MD)		median(Ia)		median(Ca)		lCI95(Ia)		uCI95(Ia)		lCI95(Ca)		uCI95(Ca)		OR		lCI95(OR)		uCI95(OR)		p-value		t-value		df		SEdiff		direction		quality		subgroup

		Oswald		RCT		Cognition				29				53																						0.62		0.46		0.14																												80																																																																																																																																																																																																																																																																																																																																																																																																																																																												metaworkbookbyevan_1-1

		Brooks		RCT		Name Recall				224				44																																																		0.01				266

		Brooks		RCT		Word Recall				224				44																																																		0.01				266

		Smith		RCT		Auditory memory				242				245																																																		0.02				485

		Willis		RCT		Processing Speed				295				71																						16.3		15.2		-1.1																												364

		Willis		RCT		Reasoning				301				66																						15.2		15.8		3																												365

		Willis		RCT		Memory				283				82																						15.7		16.6		1.5																												363

		Ball		RCT		Processing Speed				653				639																																																		0.001				1290

		Ball		RCT		Reasoning				629				639																																																		0.001				1266

		Ball		RCT		Memory				640				639																																																		0.001				1277
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...

		Study		Design		Variables		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff(Q)		effect(SMD)		effect l95		effect u95		Value for error bars		SEeffect		effect(SMD)		effect l95		effect u95		Value for error bars		SEdiff(RD)		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEdiff		SEeffect		SD		effect		effect l95		effect u95		Value for error bars		SEeffect		effect		effect l95		effect u95		Value for error bars		calculated & wanted?		reversed effect?		method selected		1a		1b		2		3		4		5		6		7																																																																																																																																																																																																																																																																																																																																																																																																				metaworkbookbyevan_1-2

		Oswald		RCT		Cognition																																																		0.2310		0.5222		0.2681		-0.1846		0.7208		0.4527																																						YES				4		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		(lCI95(MD) and uCI95(MD)) or SEdiff				lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		p-value or t-value		p-value or t-value

		Brooks		RCT		Name Recall																																																																																								0.1649		0.4248		0.1016		0.7480		0.3232		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Brooks		RCT		Word Recall																																																																																								0.1649		0.4248		0.1016		0.7480		0.3232		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Smith		RCT		Auditory memory																																																																																								0.0906		0.2108		0.0332		0.3885		0.1776		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Willis		RCT		Processing Speed																																																		0.1322		16.0925		-0.0684		-0.3274		0.1907		0.2591																																						YES				4		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		(lCI95(MD) and uCI95(MD)) or SEdiff				lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		p-value or t-value		p-value or t-value

		Willis		RCT		Reasoning																																																		0.1359		15.3096		0.1960		-0.0704		0.4624		0.2664																																						YES				4		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		(lCI95(MD) and uCI95(MD)) or SEdiff				lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		p-value or t-value		p-value or t-value

		Willis		RCT		Memory																																																		0.1254		15.9066		0.0943		-0.1515		0.3401		0.2458																																						YES				4		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		(lCI95(MD) and uCI95(MD)) or SEdiff				lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		p-value or t-value		p-value or t-value

		Ball		RCT		Processing Speed																																																																																								0.0556		0.1831		0.0740		0.2922		0.1091		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Ball		RCT		Reasoning																																																																																								0.0562		0.1848		0.0747		0.2949		0.1101		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD

		Ball		RCT		Memory																																																																																								0.0559		0.1840		0.0744		0.2936		0.1096		YES				7		Ia and Ca		Ia and Ca		OR and lCI95(OR) and uCI95(OR)		MD and ((lCI95(MD) and uCI95(MD)) or SEdiff)		SD(Ia) and SD(Ca) and MD		MD and lCI95(Ia) and uCI95(Ia) and lCI95(Ca) and uCI95(Ca)		MD
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		Study		Design		Variables		effect		effect l95		effect u95		Value for error bars		Subgroups		count

		Oswald		RCT		Cognition		0.2681		-0.1846		0.7208		0.4527				1

																		2

																		3

																		4

		Brooks		RCT		Name Recall		0.4248		0.1016		0.7480		0.3232				5

		Brooks		RCT		Word Recall		0.4248		0.1016		0.7480		0.3232				6

																		7

																		8

																		9

		Smith		RCT		Auditory memory		0.2108		0.0332		0.3885		0.1776				10

																		11

																		12

																		13

		Willis		RCT		Processing Speed		-0.0684		-0.3274		0.1907		0.2591				14

		Willis		RCT		Reasoning		0.1960		-0.0704		0.4624		0.2664				15

		Willis		RCT		Memory		0.0943		-0.1515		0.3401		0.2458				16

																		17

																		18

																		19

		Ball		RCT		Processing Speed		0.1831		0.0740		0.2922		0.1091				20

		Ball		RCT		Reasoning		0.1848		0.0747		0.2949		0.1101				21

		Ball		RCT		Memory		0.1840		0.0744		0.2936		0.1096				22
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								Method 1a (based on RD) - Dichotomous Data														Method 1b (based on OR) - Dichotomous Data - Q=ln(OR)										Method 2 (based on OR and its CI) - Dichotomous Data										Method 3 (MD, CI of MD) - Continuous Data														Method 4 (MD,SD(Ia),SD(Ca)) - Continuous Data												Method 5 (MD,CI(Ia),CI(Ca)) - Continuous Data												Method 6 (MD, P value) - Continuous Data														Method 7 (P value) - Continuous Data																Missing data from method...
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