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Highlights: 

 

 

 

 Cognition in ageing is influenced by PA, cognitive training and other factors  

 

 Social networks have a role in cognitive maintenance in ageing.  

 

 Interventional studies aim to prevent and/or delay age-related cognitive decline. 

 

 Multi-domain interventions may have synergistic effects in enhancing 

neuroplasticity.  

 
 RCTs will profit from integrating activities embedded into a social engagement 

framework. 

 

 There is a need for new multi-domain synergistic interventions in healthy 

ageing. 

 

 

 

*Highlights (for review)
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ABSTRACT 

 

The unprecedented growth in the number of older adults in our society is accompanied 

by the exponential increase in the number of elderly people who will suffer cognitive 

decline and dementia in the next decades.  This will create an enormous cost for 

governments, families and individuals. Brain plasticity and its role in brain adaptation to 

the process of aging is influenced by other changes as a result of co-morbidities, 

environmental factors, personality traits (psychosocial variables) and genetic and 

epigenetic factors. This review summarizes recent findings obtained mostly from 

interventional studies that aim to prevent and/or delay age-related cognitive decline in 

healthy adults. There are a multitude of such studies. In this paper, we focused our 

review on physical activity, computerized cognitive training and social enhancement 

interventions on improving cognition, physical health, independent living and wellbeing 

of older adults. The methodological limitations of some of these studies, and the need 

for new multi-domain synergistic interventions, based on current advances in 

neuroscience and social-brain theories, are discussed. 

 

Keywords: aging, neuroplasticity, social-brain, cognitive training, physical exercise, 

physical activity, social networks, video games, Tai Chi, dance, Information and 

Communication Technology (Doja et al.) 
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1. Introduction 

Modern societies are experiencing an extraordinary growth in the percentage of 

older adults in relation to the total population, primarily due to increasing longevity and 

falling birth rates. The percentage of older adults in Europe is expected to reach 30% in 

2060 (FUTURAGE European project, 2011; UN, 2011). By 2060, it is estimated that 

the number of Europeans aged 65 and over will be larger than the number of children 

less than 16 years of age (Oeppen and Vaupel, 2002). This demographic shift has 

increased the interest in research on aging. The rapid growth of the percentage of older 

adults is accompanied by the exponential increase in the number of older adults who 

will suffer cognitive decline and dementia in the coming decades. Costs of caring for 

older adults with cognitive impairment and dementia are expected to double within the 

next four decades (Hurd et al., 2013). The rate of Alzheimer´s disease (AD), the most 

common form of dementia, is expected to increase two- to three-fold in the next few 

decades adding significant costs to governments, families and individuals (Brookmeyer 

et al., 2011). 

Although normal ageing is associated with cognitive and brain changes, many 

older adults continue to function adequately until they are very old (Jacobs et al., 2009). 

The older human brain still has the capacity to adapt to physical, cognitive and social 

environment challenges, while facing a decline in sensory-motor and cognitive abilities 

(Goh, 2011; Goh and Park, 2009). The brain response to decreasing physical and 

cognitive abilities in aging is understood as neuroplasticity (Kraft, 2012; Zolyniak et al., 

2014), meaning the ability of the brain to adapt to an environmental change by 

modifying neural connectivity and brain function in response to changing demands and 

environments throughout the lifespan (Bavelier et al., 2012; Knaepen et al., 2010). 

Neuroplasticity changes do not always imply an improvement in behavioral 
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performance, rather these changes are usually associated with function preservation or a 

reduction in the rate of decline (Dinse, 2005). Experience-related changes induced by 

the modification of social environments, physical activity, and cognitive training affect 

brain structure and function. Research on brain plasticity in aging and its relationship to 

experiential changes has increased dramatically and attracts significant public interest 

(Erickson et al., 2014; Raz and Lindenberger, 2013). 

Neuroscience and cognitive aging research has revealed a promising set of 

complex and synergic processes and networks that support a variety of theories and 

related interventions, with the hopeful potential for healthier brain aging. Most notably, 

the scaffolding theory, cognitive reserve, compensation and dedifferentiation theories of 

the adapting brain are a giant step forward for cognitive aging research (Ewing, 2012; 

Goh and Park, 2009; Park and Reuter-Lorenz, 2009; Reuter-Lorenz and Lustig, 2005; 

Reuter-Lorenz and Park, 2014). In addition, the ecological model of aging (Satariano, 

2006) suggests that cognitive aging is influenced also by other factors including social 

networks, personality traits and genetic and epigenetic factors (Nielsen and Mather, 

2011; Pickersgill et al., 2013; Satariano, 2006; Zammit et al., 2014); (Bennett et al., 

2014; Cole, 2014; Zheng et al., 2015). These factors, when viewed in conjunction with 

the antecedents of chronic disease, such as diabetes, cardiovascular diseases, obesity 

and metabolic syndrome, point to possibilities for optimism for a healthier aging brain. 

Health effects associated with these chronic diseases may be modifiable through 

changes aiming at increasing physical activity/decreasing sedentary lifestyles, better 

stress management and participation in meaningful social networks, leading to a 

decrease in comorbidities and thus a healthier aging brain (Berchicci et al., 2014; Bodde 

et al., 2013; Daffner, 2010; Dunton et al., 2009; Holman and de Villers-Sidani, 2014; 
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Pinazo-Duran et al., 2014; Piniewski et al., 2011; Puska, 2009; Spiro and Brady, 2011; 

Topiwala and Ebmeier, 2012; Voss et al., 2013). 

This review summarizes recent theoretical and basic research on neuroplasticity, 

scaffolding, and social brain theories. At the core of this review are seminal 

interventional and cohort studies that aim to prevent and/or delay age-related cognitive 

declines as well as seminal cohort studies where wellbeing and cognitive function are 

reported. Although there are a multitude of such studies, we focused on randomized 

controlled studies on physical activity, cognitive training and social (connectivity) 

enhancement interventions on maintaining cognition, physical health, independent 

living and wellbeing of cognitively healthy older adults. When available, we also 

considered results of meta-analytic studies on these topics conducted to clarify 

inconsistencies among published results. The methodological limitations of some of 

these studies, and the large epidemiological evidence of the single domain interventions, 

when combined with the new advances in neuroscience, support the need for innovative 

multi-domain blended synergistic interventions, as supported by advances in 

neuroscience and social-brain theories discussed in this targeted review paper. The 

rational for combined multi-domain interventions is discussed as the most hopeful and 

practical approach for maintaining older brain functionality, while generating testable 

hypothesis to push forward basic research on the specific bio-psychological pathways 

and mechanisms that influence healthy brain aging. 

2. Theories of cognitive aging-based on neuroplasticity 

Aging is considered a dynamic set of gains and losses rather than a declining 

process that leads inevitably to cognitive deficits (Baltes et al., 2005; Lovden et al., 

2010). Cognitive studies have shown that even in advanced age, the brain displays 
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certain plasticity (Berry et al., 2010; Cheng et al., 2012; Edwards et al., 2002; Edwards 

et al., 2005; Jones et al., 2006; Smith et al., 2009).  Structural imaging has shown 

substantial age-related grey and white matter shrinkage, especially in anterior brain 

regions (lateral prefrontal cortex), the hippocampus, and basal ganglia while neural loss 

is minimal in the occipital brain areas (Raz et al., 2005). On the other hand, a 

compensatory process appears to occur with a shift from posterior-anterior areas and a 

reduction in brain asymmetry in older adults (Dennis and Cabeza, 2008), suggesting a 

compensatory frontal recruitment for deficits that occur with age (Park and Reuter-

Lorenz, 2009). The prolonged mismatch between functional organic supplies and 

environmental demands produces cognitive plasticity and demonstrates the capacity of 

the brain to exhibit behavioral flexibility (Bavelier et al., 2012; Lovden et al., 2010). 

For example, a recent event-related fMRI study (Ballesteros et al., 2013a) 

investigated age-related differences in brain activity in young and older adults 

performing a conceptual timed living/non-living classification task with three 

repetitions of pictures of familiar objects. Although both groups demonstrated similar 

significant repetition priming effects (better performance with repeated items compared 

to non-repeated ones), the imaging results showed altered neural priming in older 

adults, suggesting that age-preserved behavioral priming is the result of more sustained 

neural processing of stimuli in older adults. Electrophysiological studies have also 

shown additional frontal recruitment in older adults compared to young adults when 

performing a verbal cued-recall task (Osorio et al., 2009) and a word-stem completion 

task to assess implicit memory (Osorio et al., 2010). Both young and older adults 

exhibited robust behavioral priming and similar ERP repetition effects at posterior sites 

but only the older group showed additional frontal activity, suggesting that older adults 

compensate for their lower level of parieto-occipital functioning reflected by smaller 
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P300 amplitude at posterior sites. The frontal recruitment suggests a mode of adaptation 

to cope with the memory task demand. Similarly, other implicit (Sebastian and 

Ballesteros, 2012) and memory recognition studies for objects explored by touch 

(Sebastian et al., 2011) reported similar behavioral performance in young and older 

adults but induced brain oscillations showed age-related differences in amplitude in the 

theta, alpha and beta bands (4-30 Hz). Older adults required greater effort to maintain 

attention and recruited more brain resources than young adults. Moreover, N2pc and 

P3b amplitudes increased after training, reflecting brain allocation of attention that leads 

to capacity enhancement (O'Brien et al., 2013). These imaging findings suggest that the 

older human brain uses different types of compensation as a form of adaptation. Below, 

we comment briefly two theoretical accounts on cognitive and brain aging. 

2.1. The cognitive reserve hypothesis 

The cognitive reserve hypothesis was proposed to explain why individuals who 

engaged in higher levels of mental and physical activity were at a lower risk for 

developing dementia in later life (Nithianantharajah and Hannan, 2009; Stern, 2002, 

2009; Valenzuela et al., 2008). The terms cognitive reserve and brain reserve are used to 

explain a shifting of task processing, recruiting additional parts of the brain not 

customarily used for the specified task. Cognitive reserve may also include other 

structural changes such as neurogenesis, synaptogenesis, angiogenesis, and the 

formation of dendritic branching (Valenzuela et al., 2007). 

2.2. The scaffolding theory of aging and cognition (STAC and STAC-r) 

„Scaffolding‟ is a normal process present across the lifespan that involves 

development of complementary, alternative neural circuits to achieve a particular 

cognitive goal (Park and Reuter-Lorenz, 2009). The scaffolding theory of aging and 

cognition (STAC) proposed that the increased frontal activation with age is an indicator 
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of brain adaptation, promoting compensatory scaffolding. The adaptive brain responds 

to the declines occurring in the neural structures and functional processes. STAC 

suggests that cognitive engagement, mental training, and exercise promote and 

strengthen scaffolding. Recently, the more elaborated STAC-r (revisited) theory 

(Reuter-Lorenz and Park, 2014) incorporated lifestyle factors that serve to enhance or 

deplete neural resources, thereby influencing the developmental course of brain 

structure and function, as well as cognition throughout the lifespan. These processes are 

engaged to meet cognitive challenges and to ameliorate the adverse effects of structural 

and functional decline. STAC-r introduced two new constructs, neural resource 

enrichment and neural resource depletion. The first construct takes into account 

influences that enhance brain structure or function. Numerous correlational data suggest 

that individuals engaged in intellectual and social activities during adulthood suffer less 

age-related cognitive decline as they age (e.g., Amieva et al., 2010; Stern, 2009; Wilson 

et al., 2013). Similarly, individuals with a high level of education and physical fitness as 

well as those engaged in leisure activities and bilinguals appear to have healthier brain 

aging (Amieva et al., 2014; Amieva et al., 2010; Bialystok et al., 2012; Christensen et 

al., 2009; Erickson et al., 2013; Landau et al., 2012). The second construct - neural 

resource depletion - refers to negative influences on brain structure, neural function and 

cognition. The presence of the APOE-4 gene, vascular risk factors such as smoking, 

diabetes and obesity, all have negative effects on the brain and cognition. 

In summary, there are similarities between certain aspects of the cognitive and 

brain reserve theory (Barulli and Stern, 2013; Stern, 2002, 2009, 2012) and the STAC-r 

theory. Enriching variables as well as depleting variables cited in STAC-r can enhance 

or diminish cognitive and brain reserve. 
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2.3. Theories of the impact of social engagement on healthy aging  

Social engagement is defined as participation in social activities which maintain 

and create social ties in real life activities and reinforce meaningful social roles 

(Berkman et al., 2000). This definition is slightly different from “social networks” 

(Wrzus et al., 2013) defined as “the set of people with whom an individual is directly 

involved“, included the cultural context of social networks (Litwin, 2010). Four major 

aspects of social networks have particular relevance for the older population, namely 

network structure and interaction, social exchange, social engagement, and subjective 

network perceptions which must be placed within the cultural context of the person. The 

nature of these domains is culture dependent. The construct of perceived emotional 

support is associated with self-reported individual wellbeing, and is linked to the 

concept of social engagement (Benyamini, 2008). Thus, emotions are an important 

variable of social enhancement efforts (see, Carstensen et al., 2003; Carstensen et al., 

2011; Charles and Carstensen, 2010; Fiori and Jager, 2012). In broad terms, social 

engagement is understood as the individual making social and emotional connections 

with people and the community. A theoretical model includes “upstream factors” such 

as culture, socioeconomic and political factors, and the structure of the social network 

ties, their density and direction. The “downstream factors” comprise social support, 

access to resources, social influence as well health behaviors, psychological and 

physiological pathways (Berkman et al., 2000). 

To summarize, social networks act at the behavioral level, providing social 

support, social influence, social engagement, and access to resources. This holistic 

model also brings into question the possible negative effects of the downstream factors 

that may link networks to undesirable health outcomes (Sneed and Cohen, 2014). 
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The term social networks is most often defined by the sociological principle of 

homophily, “birds of a feather stick together” (McPherson et al., 2001) . This broad 

principle includes ties of every type: marriage, friendship, work, advice, support, 

information transfer, exchange, co-membership, and other types of relationships not 

necessarily emotional or interpersonal in the psychosocial sense. Furthermore, at the 

core of homophily lies the assumption that cultural, behavioral, genetic, or material 

information that flows through networks will tend to be localized. Therefore, people's 

personal networks are homogeneous with regard to many socio-demographic, 

behavioral, and intrapersonal characteristics and health (Smith and Christakis, 2008). 

The theory of homophily is supported by the concept of sociological aging 

(Charles and Carstensen, 2010). This review highlights the contrast between findings 

that clearly demonstrate decreased biological, physiological and cognitive capacity, 

with other findings suggesting that people are generally satisfied in old age and 

experience relatively high levels of emotional wellbeing.  Thus, there appears to be a 

“paradox” of aging. This could be explained by the fact that that for each individual, his 

or her aging is heavily influenced by the nature of experiences within his/her social 

networks, and this plays a significant role in maintaining cognitive function, sense of 

wellbeing and positive attitude despite biological aging (Carstensen, 1992; Carstensen 

and Cone, 1983; Carstensen et al., 2011)  

 Although we may associate social networks with the socioeconomic factors of 

aging, there is significant research suggesting that belonging and social networking, are 

some of the most primitive and fundamental evolutionary brain developments (Dunbar, 

1998; Gurven, 2012). As Dunbar suggests in his Social Brain hypothesis, the 

mesolimbic dopamine activity is a key brain system for triggering emotions. This 

function modulates lifelong learning as part of the emotional experiences in human 
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learning and behavior (Dunbar, 1998). Furthermore, the need to belong, from an 

evolutionary brain development perspective, gives rise to a set of neuronal networks 

that are genetically transmitted as a specific phenotype of social cognition (Lesch, 

2007). Social cognition is the capacity to generate representations of internal somatic 

states, interpersonal knowledge and motivations, and procedures used to decode and 

encode one's self in relation to other people and the environment. These distinct circuits 

are orchestrated via a complex set of processes in order to enable social functioning and 

communication, which is so essential for survival. 

The individual‟s social cognition capacity is the product of the interaction 

between genes and environmental factors (Fowler et al., 2009; Lesch, 2007; Shanahan, 

2013; Slavich and Cole, 2013). Although social cognition is also affected by 

physiologic aging, it is preserved through both scaffolding and compensatory 

enhancement within the context of social networks. The lack of or decrease in social 

enhancements/networks, as human epidemiological studies have shown, may result in 

pre-symptomatic dementia, although they are not the cause of dementia (Dodge et al., 

2014).  Social enhancement theories therefore, do not stand-alone but interconnect with 

all the above theories related to cognitive reserve, scaffolding and neuroplasticity, to 

improve our understanding of human genomic potential. 

In summary, social enhancement is deeply embedded in human genomics, brain 

development and functionality through complex and newly explored physiological 

pathways rapidly shaping the field of social genomics (Cole, 2014).  Social genomics 

studies suggest that the central nervous systems is both influenced and influences, how 

social enhancement stimuli are translated into specific cellular mechanisms, that impact 

on health and cognition throughout the lifespan. 
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Based on the above theoretical biosocial underpinnings, in the following section 

we will review intervention and cohort studies where various factors contributing to a 

healthy aging brain were evaluated. We will focus on studies that examine physical 

activity, cognitive training, and social enhancement. These interventions may have a 

significant impact on brain health functionality and can be implemented in public health 

policies and practices. 

3. Intervention studies: Improving cognition and brain health 

A wealth of data supports the view that there is a potential for positive changes in 

older adults (Hertzog et al., 2008; Park and Bischof, 2013; Valenzuela and Sachdev, 

2009). Currently, researchers are investigating different types of interventions to 

improve and/or to maintain cognitive functions in the aging brain (see Figure 1). 

[Insert Figure 1 about here] 

Many studies have shown that interventions targeting physical activity, cognitive 

training, and social engagement in older adults are effective for improving performance 

in the trained tasks immediately after training. However, two major questions need to be 

answered: (Stigsdotter) whether the improvements observed in the trained individuals 

are transferable to other untrained functions (Buitenweg et al., 2012; Lustig et al., 2009; 

Williams et al., 2014); and (2) whether these effects remain over time, after the 

intervention ends (Dahlin et al., 2008b; Zelinski et al., 2011). 

3.1. Physical activity training in ageing 

Physical activity (PA) is an umbrella term describing a multitude of activities 

associated with purposeful body movements. Recent reviews have nicely summarized 

the crucial relationship of PA and cognitive function (Prakash et al., 2015) and intended 

to untangle the respective distinctions between different forms of PA (Bamidis et al., 
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2014). For the purpose of this review, we will subdivide PA activity into 3 main 

categories: first, PA as exercise training (aerobic and non-aerobic); second, complex 

activities in which PA is one component such as dancing; and third, PA in a sportive 

environment, for example martial arts or meditative movements such as Tai Chi or 

Qigong. Some forms of PA are difficult to classify into a particular category. For 

instance, Tai Chi includes elements of dance, meditation and sport. 

3.1.1. Aerobic, resistance, and coordination training 

Ever since the seminal study by Kramer and associates, exercise has been 

considered an important activity to improve cognitive function in old age (Kramer et al., 

1999). Subsequent work has further developed some of the original observations and 

extended the concepts expressed there. Much of the work performed recently indicates 

some degree of improvement in cognitive function as a result of aerobic exercise 

(Bamidis et al., 2014). 

An important distinction has to be made between aerobic and non-aerobic 

exercise. The latter can be further subdivided into coordination, stretching, and 

resistance training. Whereas aerobic exercise can be quantified by amount of energy 

expenditure expressed in metabolic equivalents, coordination training is difficult to 

quantify. Research to date concludes that all forms of exercise have shown to have 

effects on cognitive function of older adults (Hötting and Roder, 2013). 

In addition to behavioral effects on cognition, non-aerobic exercise generated a 

different response in brain circuits in comparison to aerobic exercise. Voelcker-Rehage 

and colleagues studied three groups with aerobic, coordination and stretching (as a 

control condition) exercise and found three patterns of activity-related responses in an 

executive control task (Flanker task): increased task-related activity over frontal and 
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anterior cingulate gyrus for the control condition, decreased activity for superior, middle 

and medial frontal areas (corresponding to Brodmann Areas 6,9) in the aerobic and 

coordination group. The findings for the aerobic and coordination group could be 

interpreted as a more efficient activity for the older subjects after aerobic and 

coordination training compared to the control condition (Voelcker-Rehage et al., 2011). 

A 1-year intervention study showed similar results: that aerobic exercise 

improved the aging brains‟ functional efficiency in cognitive networks. One year of 

walking increased functional connectivity between aspects of the frontal, posterior, and 

temporal cortices within the Default Mode Network and a Frontal Executive Network. 

Effects were observed only after twelve months of training, compared to non-significant 

trends after six months (Voss et al., 2010). The changes in connectivity were 

behaviorally relevant, since increased functional connectivity was associated with a 

greater improvement in executive function, as measured with the Wisconsin Card 

Sorting Test (WCST) and a task-switching paradigm. Interestingly, the control group 

assigned to non-aerobic fitness training (stretching and toning) also showed increased 

functional connectivity. 

Erickson and colleagues showed the beneficial effects of exercise on crucial brain 

structures involved in memory processing such as the hippocampus (Erickson et al., 

2011). A 2% increase of hippocampal volume was associated with greater serum levels 

of BDNF, a mediator of neurogenesis in the dentate gyrus of the hippocampus. 

Unfortunately, it is very difficult to establish what the structural and physiologic 

correlate for the volume increase really is. Given the experimental data on animals and 

the concomitant increase of BDNF, it is tempting to speculate that these findings reflect 

adult neuroneogenesis, though previous work using different fMRI methodology would 

also suggest perfusion or synaptic density as the cause for this volume increase (Ilg et 
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al., 2008). Unfortunately, these authors did not test whether these improvements in the 

spatial memory transferred to other cognitive domains such as improvements in 

executive function. 

A cross-sectional study has shown that a long-lasting physically active lifestyle 

improves executive control, controlled processing (choice reaction time), and 

processing speed (simple reaction time) compared to sedentary older adults (Ballesteros 

et al., 2013b). A three-month practice of an aerobic fitness training program 

demonstrated that the trained group improved in processing speed (Renaud et al., 2010). 

The authors of the Cochrane review on the effects of PA on cognition in elderly 

individuals (Angevaren et al., 2008) concluded that there are beneficial effects of 

regular physical exercise on cognitive function. The authors identified eleven 

randomized controlled trials fulfilling appropriate quality standards. Eight of the eleven 

trials showed beneficial effects of regular physical exercise. 

3.1.2. Effects of dance and movement interventions   

There is an increasing amount of research regarding the potential benefits of 

(amateur) dancing. One of the first systematic studies (Kattenstroth et al., 2010) 

compared a group of elderly participants with a history of multi-year amateur dancing to 

an age-, education-, and sex- matched control sample. Compared to the control group, 

individuals of the amateur dancing group showed higher cognitive performance as well 

as better posture and balance parameters. Individual analysis of the data revealed that 

the amateur dancing population lacked individuals showing poor performance instead of 

showing individuals with better results than average. This implies that maintaining a 

regular schedule of dancing into old age can preserve cognitive, motor and perceptual 

abilities. This study points towards other important co-variables implied in successful 
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aging including diet and social interaction. Since dance is highly interactive socially, 

this might be as important as the aerobic exercise component of ballroom (or amateur) 

dancing. 

A subsequent study was carried out in order to rule out if the effects observed 

were due to a pre-selection of particularly trained subjects (Kattenstroth et al., 2013). In 

this follow-up study, they conducted a prospective, six months dance intervention in 35 

elderly subjects comparing 1 h/week dancing activity with the Agilando ™ programme 

with no intervention. The study showed that besides having impressive effects on 

improved posture and balance, dancing also had major effects in a whole range of 

cognitive skills, including reaction time and working memory. Interestingly, dancing 

did not change the cardiorespiratory function, again indicating that aerobic exercise is 

not the only physical activity with beneficial effects to cognition. Compared to other 

activities such as physical exercise or playing an instrument, dancing offers a unique 

combination of activities potentially useful for maintaining a multitude of functions in 

advanced age. Brown et al. (2006) have documented that cortical, subcortical and 

cerebellar regions were active at the systems level, providing neurophysiological 

support regarding why dancing in a social context may ameliorate not only cognitive 

function but also other age-related declines including balance and motor strength. 

The postulated mechanisms for dance movement training, as suggested recently 

(Kattenstroth et al., 2010), is that dance movement combines a physical activity with a 

rich sensorimotor and cognitive engagement, as well as other social and emotional 

stimuli. There are multiple studies that have shed a positive light on the impact of dance 

related interventions and healthy aging for both the cognition and physical capacity 

domains.  The type of dance did not seem to make any difference; a broad range of 

different types of dance, ranging from folklore dance, through tango to salsa and jazz, 
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showed beneficial effects (Alpert et al., 2009; Coubard et al., 2011; Currie et al., 2012; 

Dechamps et al., 2010; Fosshage, 2004; Granacher et al., 2012; Gray, 2008; Heiberger 

et al., 2011; Keogh et al., 2009; Kim et al., 2011; Koch and Bräuninger, 2005; Sevdalis 

and Keller, 2011). 

3.1.3. Sport, Tai Chi and martial arts as interventions  

A considerable amount of literature is available on specific forms of PA, such as 

sportive activities like Tai Chi and martial arts. In particular, studies using Tai Chi have 

generated a substantial body of evidence (Lelard et al., 2010; Rogers et al., 2009; Wei et 

al., 2014). A detailed appreciation of all this work is beyond the scope of this review. A 

meta-analysis by Rogers and colleagues of 36 studies including a total population of 

3799 participants older than 55 years concluded that significant improvement could be 

achieved in physical function, reduced risk of falls, depression and anxiety (Rogers et 

al., 2009). In addition, there is a major ongoing trial that will focus on biological and 

behavioral effects of practicing Tai Chi (Wayne et al., 2013). 

Martial arts such as Kung Fu, Judo, Karate or Taekwondo have also been shown 

to improve cognitive domains in older adults including postural control (Krampe et al., 

2014), visual-spatial attention (Muinos and Ballesteros, 2014), dynamic visual acuity 

(Muiños and Ballesteros, 2015) as well as working memory and information processing 

speed (Pons van Dijk et al., 2013). 

A recent meta-analysis (Kelly et al., 2014b) that included 25 RCTs revealed 

significant improvements for resistance training compared to stretching on measures of 

reasoning; and for Tai Chi compared to controls (no exercise) on attention and 

processing speed. The results of the meta-analytic study, combined with results from 

other meta-analyses (Colcombe and Kramer, 2003; Wayne et al., 2014) suggest that the 
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combination of aerobic fitness with resistance training (such as Tai Chi) may produce 

larger benefits for promoting healthy cognitive function in older adults.  

3.2. Cognitive training approaches 

Cognitive training is an intervention that provides structured practice on tasks 

relevant to different aspects of cognition, such as attention, memory, or executive 

functions. Theoretically, these studies suggest that the older human brain maintains 

some level of neural plasticity at several levels of the neural substrate (Bialystok and 

Craik, 2006; Li et al., 2006; Li et al., 2008). Furthermore, the behavior of the aging 

individual can influence this plasticity (Cacciopo et al., 2006). 

Despite the intent to introduce an order into the terminology of cognitive 

interventions (Clare and Woods, 2004), the debate is still alive (Gates and Valenzuela, 

2010). A recent review (Bamidis et al., 2014) outlined the main characteristics of 

cognitive rehabilitation versus cognitive training. Other researchers refer to this set of 

interventions based on mental stimulation as brain training (Buitenweg et al., 2012), 

cognitive exercise (Gates and Valenzuela, 2010) or cognitive rehabilitation (Hampstead 

et al., 2008; Hampstead et al., 2012; Stuss et al., 2007; Winocur et al., 2007). In our 

technological society, computer-based training programs and video games have 

attracted researchers‟ attention as possible tools for improving and/or maintaining 

perceptual and cognitive functions in older adults. However, scientific evidence of the 

potential of these interventions is mixed at best. 

Most cognitive training studies have used cross-sectional designs to compare the 

performance of two or more groups of participants in a number of tasks (e.g., young 

adults versus older adults; comparison of individuals with different levels of expertise 

as video game players versus non players). A smaller number of studies examined 
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training effects using longitudinal designs with trained (experienced) and control 

groups. The latter studies have the advantage of controlling for cohort effects (the 

comparison of participants with different levels of education, nutrition, social and 

economic conditions) and allow the investigation of training effects over time (pre-

training/post-training/follow-up) performance comparisons in a series of variables. 

These longitudinal studies have several shortcomings, including the relative small 

number of participants, attrition, practice effects, the use of inadequate control groups 

or, in some cases, the lack of a control group. For a detailed discussion, see (Kramer 

and Morrow, in press). 

Past experience as well as living in an enriched and complex environment can 

modify brain and cognition (Hertzog et al., 2008; Stern, 2002, 2009; Valenzuela et al., 

2007). Some training programs have been effective in improving older adults‟ cognitive 

performance in memory tasks (e.g., Craik et al., 2007; Hampstead et al., 2012; Smith et 

al., 2009) and other cognitive functions such as attention, working memory, reasoning, 

processing speed, cognitive control and dual-task switching (Anguera et al., 2013; Berry 

et al., 2010; Bherer et al., 2006; Edwards et al., 2005; Erickson et al., 2007; Mozolic et 

al., 2011b). 

 In this section, we mainly focus on cognitive training intervention studies that 

provide structured practice on one or several aspects of cognition, using standardized 

tasks. The aim of these controlled interventions is to use a set of clearly specified 

exercises to improve cognition in older adults. These exercises are usually practiced on 

a computer and the difficulty is adjusted to the trainee‟s performance. We reviewed the 

current evidence on cognitive interventions (with trained and control groups) 

specifically designed to train one or more cognitive processes using structured, mostly 

computerized programs based on experimental designs and, where available, 
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randomized controlled trials (e.g., Dahlin et al., 2008b; Valenzuela and Sachdev, 2009; 

Wolinsky et al., 2013). The increased interest in investigating the effectiveness of 

computerized cognitive training in enhancing cognition of cognitively healthy older 

adults is shown by the recent publication of systematic reviews and meta-analyses that 

investigated this issue (Kelly et al., 2014a; Lampit et al., 2014). In the second part of 

this section, we focus on longitudinal training studies that have used video games to 

improve older minds and brains. This type of intervention has also been the subject of a 

recent systematic review (Kueider et al., 2012) and a meta-analysis (Toril et al., 2014). 

 3.2.1. Computerized brain training in aging 

Cognitive training interventions based on repetitive practice on cognitive 

processes have been effective in improving the trained process but not so much for 

other untrained cognitive functions (Ball et al., 2002; Ball et al., 2007; Hampstead et al., 

2012; Mozolic et al., 2011b). Some clinical trials, however, have shown transfer to 

other domains different than that of the trained exercises (Cheng et al., 2012; Mahncke 

et al., 2006; Oswald et al., 2006; Richmond et al., 2011; Willis et al., 2006). 

Computerized training is the preferred option in most of the intervention studies 

as the program can automatically adapt to the trainee‟s daily performance. The 

intervention could be useful depending on the extent of the improvement to abilities not 

directly trained during the intervention. The degree to which a learned skill is shown in 

proximal (near transfer) or more distant (far transfer) tasks and contexts is central 

regarding cognitive training interventions. Near transfer effects are found after training 

in tasks close to the trained task (e.g., improvements on a verbal WM task after training 

on a spatial WM task). Far transfer effects are shown in tasks very different from those 

of trained tasks (e.g., improvements on intelligence tests scores, attention, arithmetic, 
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language abilities, or everyday activities). Unfortunately, evidence for the effective 

transfer of cognitive training to untrained tasks is mixed (Tidwell et al., 2014) with 

some studies suggesting positive results, while others showing none or only a limited 

improvement (Buitenweg et al., 2012; Dahlin et al., 2008b; Lustig et al., 2009; Noack et 

al., 2009; Paap et al., 2009; Sandberg et al., 2014). Table 1 summarizes the 

characteristics and main results of recent cognitive training studies conducted to 

counteract age-related cognitive declines. 

[Insert Table 1 about here] 

Two previous meta-analyses have investigated the effects of cognitive training 

interventions in healthy older adults (Paap et al., 2009; Valenzuela and Sachdev, 2009). 

The first included 10 RCT studies and only half of them showed improvement 

immediately after cognitive training on the trained task and there was no evidence of a 

transfer of training to other untrained tasks (Paap et al., 2009). The weighted mean 

effect size (Cohen‟s d) of cognitive intervention across all outcome measures after 

training was very modest [0.16 (95% confidence interval (CI) 0.138 to 0.186)]. 

The other meta-analysis (Valenzuela and Sachdev, 2009) included just 7 RCT 

studies that met inclusion criteria with a cumulative sample of 3194 participants -2832 

of whom were from the Advance Cognitive Training for Independent and Vital Elderly 

(ACTIVE) study. The authors examined the effect of cognitive training to investigate 

transfer of training to untrained domains and persistence over a follow-up period after 

training. The results showed a moderate mean effect size of 0.6. Cognitive training of 

healthy older adults improved performance on the trained task immediately after the end 

of the intervention (see also, Rebok et al., 2007). The meta-analysis also showed that 2-

3 months of training has long-lasting effects on cognition in healthy older adults 
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(between 1.2 and 2.6 points in the MMSE). Although promising, these results must be 

interpreted with caution because only the primary outcome variable per clinical trial 

was included in the meta-analysis while secondary outcomes, which are usually less 

robust, were not included. Moreover, not all studies followed the CONSORT clinical 

trials guidelines rigorously. Limitations of the literature may account for the 

discrepancies of the results. The heterogeneity of the studies included in the meta-

analyses relates to the number of participants, the inclusion or not of a matched active 

control group, the lack of follow-up assessments in some studies, inadequate outcome 

measures that should include measures of everyday functioning and a wide variety of 

cognitive skills. 

The first RCT and the largest cognitive training study conducted so far has been 

the single-domain ACTIVE study (Ball et al., 2002). ACTIVE was a multicenter 

cognitive training study with 2832 older adults from 65 to 94 years old who were 

randomly assigned to three cognitive interventions (memory, speed of processing, and 

reasoning) or to a no-contact control group. Each training regime consisted of 10 

sessions distributed over 5-6 weeks. Several outcome measures (including problem 

solving and tests) were used as composite measures to assess overall abilities in each 

trained cognitive domain). Furthermore, a percentage of the participants (60%) received 

4 booster-training sessions almost a year after end of the training programs. The study 

showed that when memory, processing speed, and problem solving were trained 

independently, trainees in each one of these conditions improved in the skill trained, but 

there was no transfer to other untrained skills and these improvements lasted over a 

period of 2 years after training. There was no evidence of transfer to every-day activities 

and the benefits did not transfer to other untrained functions (Buitenweg et al., 2012; 

Lustig et al., 2009). The results of a 10-years follow-up study (Rebok et al., 2014) of the 
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ACTIVE data (mean age at baseline: 73.6 years) suggest that the three treatments 

resulted in less decline in self-reported Instrumental Activities of Daily Living (IADLs). 

At 82 years of age, 60% of the trainees versus 50% of control participants were above 

their baseline of IADL score. Interestingly, the groups trained in reasoning and speed, 

but not the group trained on memory, had preserved the improved trained cognitive 

ability ten-years after the intervention. 

A recent meta-analysis (Lampit et al., 2014) on the effectiveness of computerized 

cognitive training in cognitively healthy older adults from the inception of databases to 

July 2014 included 52 RCT studies. The global overall effect was small but significant 

(Hedges‟ g random effect model = 0.22; 95% CI 0.15 to 0.29). The authors concluded 

that computerized cognitive training is moderately effective at improving cognitive 

performance. However, effectiveness varies across cognitive domains. Unsupervised at-

home training and very intensive training regimes of three or more times per week were 

shown to be ineffective. Another meta-analysis (Kelly et al., 2014b) showed that 

transfer effects occurred more often when training was adaptive, with at least 10 

training sessions and by training in groups compared to individual training at home. 

Interestingly, both meta-analytic studies suggest that training at home (“do-it-yourself”) 

does not produce any improvements. The supervision by a trainer in a center or 

laboratory as well as performing 1-3 sessions per week is necessary to create moderate 

improvements. 

Is working memory training in older adults effective?  WM is a key component of 

cognition that deteriorates greatly with age. It is a flexible, capacity limited workspace 

that stores and processes information needed for ongoing cognition (Baddeley, 2000; 

Baddeley and Hitch, 1974). Intervention studies aimed at improving WM addressed 

near and far transfer effects after training executive and WM functions related to the 
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control of goal-directed actions and use of immediate memory, the maintenance and 

manipulation of recently attended information, switching and task priorities in 

multitasking. These functions depend on prefrontal cortex and basal ganglia, brain 

structures that suffer great shrinkage (Raz et al., 2005; West, 1996), reduced structural 

connectivity (Madden et al., 2009) and ongoing dopamine depletion (Backman et al., 

2006) with age. 

Many recent training studies have been designed to improve WM, assuming that 

its capacity could be enhanced through training and that, in turn, other mental abilities 

would also improve (Klingberg, 2010). However, several recent reviews have been 

rather skeptical (Buitenweg et al., 2012; Melby-Lervag and Hulme, 2013; Shipstead et 

al., 2012b; Tidwell et al., 2014). Similarly, a meta-analytic study (Melby-Lervag and 

Hulme, 2013) conducted with 23 randomized controlled trials or quasi-experiments 

(with 30 groups comparisons) that had a treatment group and a control group and 

included children and adults showed that training produced short-term improvements in 

WM skills, but the results did not transfer to other cognitive skills. 

The main assumption of the training studies conducted to improve WM is that 

some aspect of executive control would be enhanced and that this would transfer to 

other cognitive functions and to daily life performance. However, executive control is 

not a single function but includes several cognitive abilities such as memory updating, 

task shifting and inhibition (Miyake et al., 2000). The idea behind these training studies 

is that a general improvement in WM performance should improve those functions and 

tasks that rely on WM processes (Buschkuehl et al., 2008). 

Dahlin and colleagues (Dahlin et al., 2008a; Dahlin et al., 2008b) investigated the 

plasticity of executive functioning in young and older adults to explore transfer effects 
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to untrained tasks and maintenance of gains 18 months after finalizing a 5-weeks 

computerized training program consisting of updating information in working memory. 

The results showed that young and older trained participants improved more than 

controls on the trained task. Those improvements were still significant 18 months later. 

Learning was long-lasting in older adults but there was no transfer to other tasks and 

this was attributed to the large changes occurring in the striatum with age, as this region 

plays an important role in transfer of an updated skill (Dahlin et al., 2008a). 

Other studies trained participants to perform two tasks simultaneously. Older 

adults have more difficulties (Verhaeghen et al., 2003) than young adults when 

performing two tasks (dual-tasking costs). Bherer and colleagues trained young and 

older adults for 5-60 min sessions over 3 weeks to perform an auditory and a visual 

discrimination task, either concurrently or separately (Bherer et al., 2006). The findings 

showed substantial and age-equivalent training and transfer benefits on both the ability 

to maintain multiple task sets and to perform multiple tasks concurrently. The positive 

results might be due to the continuous, individualized adaptive feedback and priority 

instructions provided to the participants in an effort to improved dual-task performance. 

An important often not addressed question is whether training in dual tasks is 

transferable to daily life tasks. Hahn and colleagues trained 14 young and 14 older 

adults in a driving simulation environment with a visual-motor tracking task (primary 

task) and a visual attention task (secondary task) under dual-task conditions for a 

relatively long duration (Hahn et al., 2011). The situation tried to simulate driving under 

task demands and to provoke fatigue. The results showed that older adults reduced the 

number of errors and response time more than young adults after training, suggesting 

that older adults benefit from training in complex environments. A further study showed 

that tracking performance was specially affected after target presentation which was 
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more pronounced in the older than in the younger participants. Electrophysiological 

results suggested that the older adults invested more resources than the younger group 

in dual tasking during the cue-stimulus interval. The increased motor interference, a 

deficient context processing together with the investment of more processing resources 

suggest that vehicle information systems for older drivers should support cue 

maintenance instead of requiring simultaneous motor demands (Wild-Wall et al., 2011). 

Interestingly, Berry and colleagues showed direct transfer after training perceptual 

discrimination tasks to untrained WM performance. The adaptive training program 

consisted of the discrimination of the contraction or expansion of Gabor patterns. 

Electroencephalographic recordings showed posterior occipital N1 decrease after 

training that correlated with performance in a WM task, and no change in the control 

group. This change in N1 was interpreted as a neural marker of the perceptual gains 

after training, which produced improvements in WM task performance (Berry et al., 

2010). 

Tasks directed to training cognitive flexibility, targeting several mechanisms of 

executive control simultaneously might be more efficient (Buitenweg et al., 2012; 

Karbach and Kray, 2009; Stigsdotter, 2015). However, two recent intervention studies 

(McAvinue et al., 2013; Sandberg et al., 2014) failed to show evidence of improvement 

in WM capacity.  A 5-week online randomized adaptive training study based on the 

Baddeley model (Baddeley, 2000) to train auditory and visual-spatial short-term WM 

(McAvinue et al., 2013) showed improvement in short-term memory but not in WM 

despite the extensive training on updating and n-back tasks. The expansion of auditory 

short-term memory up to 6 months, and the transfer to long-term episodic memory 

(although not maintained at follow-up) is interesting. An intriguing result that deserves 

further investigation is the negative correlation between time spent on training and 
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proportional improvement on the auditory short-term memory task, indicating that more 

time spent on training produced less improvement. Another recent study (Sandberg et 

al., 2014) demonstrated that training multiple executive functions (updating, shifting 

and inhibition) was not enough to produce transfer beyond the very near tasks in older 

adults. Even the younger group did not show far transfer after training. Intermediate 

transfer was found, but only in the younger group. These results suggest important age-

related constraints in the transfer of the trained executive skills. 

A recent brain imaging study (Heinzel et al., 2014) has investigated whether the 

WM load-dependent pattern of blood oxygen level-dependent (BOLD) response and 

functional connectivity in WM regions of interest (ROIs) are associated with training-

related performance gains and other cognitive functions in young and older adults. The 

assessment battery to investigate transfer pre-test to post-test training effects included 

short-term memory tasks (Digit Span forward and backward), processing speed (Digit 

Symbol, D2 test), executive functions (Verbal Fluency, Stroop interference), and 

reasoning (Raven SPM and Figural relations). They used a computerized version of the 

n-back adaptive procedure (from 0-, 1- 2- and 3-back conditions) to train older adults 

over 4 weeks (12 sessions each lasting for approximately 45 minutes). Only older adults 

were trained. The results showed, as expected, that young adults‟ WM was superior in 

the n-back task and neuropsychological tests at pre-test. Young adults showed lower 

BOLD activations in the WM network at 1-back and higher at 3-back conditions 

compared to older adults at pre-test. The most important finding was that the neural 

efficiency and capacity of the WM load-dependent brain response in the WM network 

can predict for WM plasticity in older adults. It is like that of those older adults who 

show a youth-like WM load-dependent brain response, which responds better to WM 

intervention programs. However, only older adults received WM training and the design 
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did not include a control group. A replication of these results in a RCT with pre-post 

and follow-up design and larger sample size will be necessary to corroborate these 

interesting findings. 

In summary, present data reveal inconsistent results. While it seems that training 

studies have consistently shown improved performance in the trained task, and 

sometimes near transfer, far transfer effects to untrained cognitive functions are weak or 

non-existent. More research is clearly needed before we can conclude that WM training 

in older adults is effective and that its capacity can be enhanced with training. Future 

studies should include a proper control group and several measures to assess the domain 

of interest and to test near transfer effects with WM tasks different from those used in 

the training protocol. Until there are more conclusive results, WM training remains an 

important line of research in progress that deserves close attention (Melby-Lervag and 

Hulme, 2013; Shipstead et al., 2012a; Shipstead et al., 2012b; Tidwell et al., 2014). 

Memory training studies. Numerous training programs have been developed to 

improve and/or maintain long-term episodic memory among older adults because this 

type of memory is vital for independent living. Most of them teach participants to use 

different memory strategies that help to encode and retrieve information (Craik et al., 

2007; Gross and Rebok, 2011). Several reviews and meta-analyses have been conducted 

on the effects of long-term memory training programs with healthy participants (Gross 

et al., 2012; Verhaeghen et al., 1992; Zehnder et al., 2009) as well as in elderly with 

MCI (Belleville, 2008). In general, studies support the idea that memory training is 

effective. A meta-analysis of almost five decades of memory training studies with 

healthy older adults has shown that. The overall effect size estimate (pre-post change 

between memory trained and control groups) was 0.31. Training on more than one 
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strategy was associated with memory improvement but was not significant after 

adjustment for multiple comparisons (Gross et al., 2012). 

Cheng et al. (2012) conducted a randomized cognitive training study including 

control waiting-list group, single domain and multi-domain cognitive trained groups, 

The multi-domain cognitive intervention trained memory, reasoning, problem solving, 

visual-spatial map reading, handcraft making and health lessons. The single-domain 

group was trained in reasoning. The results showed that both trained groups obtained 

training-related effects. Multi-domain cognitive training improved memory while 

single-domain training improved visuospatial ability and attention. The group also 

improved on the RBANS total score, delayed memory, visuospatial ability, language, 

and word interference score. While both types of cognitive training produced positive 

results improving memory, visual reasoning, and visuospatial abilities, the multi-

domain approach had longer training effect maintenance while single-domain training 

improved attention and visuospatial skills. 

To summarize, memory-training interventions have the potential to improve long-

term episodic memory in healthy elders. However, as in the case of WM and executive 

control training studies, the transfer to other cognitive functions and daily living 

activities needs further research using well designed studies with pre-post assessments 

in a wider variety of cognitive measures and daily life performance, and longer follow-

up periods. 

 3.2.2. Training older brains with video games 

A video (digital) game is a game that requires human interaction with a computer. 

There are different genres, including serious games (Gopher et al., 1994) primarily 

designed to provide a learning experience to the gamer and educational games as Brain 
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Age and Brain Training (McDougall and House, 2012). Most video games, however, 

are action games that were not developed considering the interests or needs of the older 

adults. Accumulated evidence suggests that playing action video games improves 

aspects of cognition in young adults, including visual-spatial attention, executive 

control, and peripheral vision (e.g., Boot et al., 2008; Chisholm and Kingstone, 2012; 

Green and Bavelier, 2003, 2006, 2008; Green et al., 2010). Video game training also 

enhances visual short-term memory, task switching, object mental rotation and 

executive control in young and older individuals (Basak et al., 2008; Boot et al., 2008; 

Cain et al., 2012; Colzato et al., 2010; Lee et al., 2012); for reviews, see (Bavelier et al., 

2012). However, some studies did not find transfer to cognitive functioning (Boot et al., 

2013a; Owen et al., 2010) or improvements were very small (Ackerman et al., 2010). 

For instance, Owen et al. (2010) trained 11430 participants online for 6 weeks on 

cognitive tasks designed to improve planning, memory, reasoning, visual-spatial 

abilities, and attention but they found no evidence that training improved cognitive 

functioning beyond the trained tasks. 

In summary, evidence of transfer from video game training to untrained tasks is at 

best mixed with positive and negative results. However, it is worth noting that video 

game training is a very active area of research. 

Most action video games are fast, emphasize peripheral processing, require 

selection between different action plans, and are sometimes violent, and therefore not 

appropriate or interesting for older participants (Chisholm and Kingstone, 2012; Feng et 

al., 2007; Green and Bavelier, 2003; Green et al., 2010). When older adults were asked 

to judge the games, action games were rated as less enjoyable than non-action games 

(Boot et al., 2013a; McKay and Maki, 2010; Nap et al., 2009). Moreover, these types of 

games led to the lowest intervention compliance compared to non-action games. In 
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addition, studies with older adults (Ackerman et al., 2010; Anguera et al., 2013; 

Ballesteros et al., 2014b; Cassavaugh and Kramer, 2009; McDougall and House, 2012; 

Nouchi et al., 2012) suggest that non-action video games can improve aspects of 

cognition. Despite the increasing interest in using video games as intervention tools, the 

evidence on their efficiency is mixed. 

The use of video games to boost cognitive functioning of older adults have 

advantages over other more traditional cognitive training programs because these games 

are inexpensive, and can be gratifying and fun (Zelinski and Reyes, 2009). Interestingly, 

a recent study (Allaire et al., 2013) has showed that both regular and occasional video 

game players reported significantly higher levels of well-being and suffer less 

depression than non-video game players. For these reasons, researchers consider video 

games as good tools for cognitive enrichment (Achtman et al., 2008; Green and 

Bavelier, 2008). Early studies with older adults revealed improvements in several 

cognitive functions after video game training, including processing speed (Clark et al., 

1987; Dustman et al., 1992; Goldstein et al., 1997), intelligence, visual-motor 

coordination (Drew and Waters, 1986), attention (Belchior, 2008) and global cognitive 

function (Torres, 2008). In contrast, other studies did not find a significant transfer of 

training to cognitive and perceptual functioning (e.g., Ackerman et al., 2010; Boot et al., 

2013b; Owen et al., 2010). If the transfer of video game training to untrained cognitive 

functions could be demonstrated, this would be a very important finding. 

One of the main difficulties in obtaining a clear picture of the effects of video 

game training is the great variability of several key features of the intervention studies, 

including the type of video game used, the type of cognitive process assessed, the way 

in which these cognitive processes were evaluated, and the different personal 

characteristics of the trainees. This variability seems to be the main cause of the mixed 
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results reported in the literature. While several studies reported positive results after 

training (Anguera et al., 2013; Ballesteros et al., 2014b; Goldstein et al., 1997; Torres, 

2008), others did not find cognitive improvement (Ackerman et al., 2010; Boot et al., 

2013a; Owen et al., 2010). A recent meta-analysis (Toril et al., 2014) re-analyzed the 20 

individual video game training studies published on this topic between 1986 and 2013. 

The studies involved 474 trained and 439 healthy older controls. All studies have pre- 

and post-training measures and all except two with trained and control groups. Table 2 

(adapted from Toril et al., 2014) displays the main characteristics of the studies, 

including number of participants, their mean age, type of control group, video game(s) 

trained, duration of training and summary of the main findings of each study. 

[Insert Table 2 about here] 

The mean effect size (Cohen‟s d) was moderate (0.37). The results suggest that 

training older adults with non-action video games improves speed of processing, 

attention, memory and global cognition. These main findings were moderated by 

several methodological and personal factors. The effects were larger under short 

training programs (1-6 weeks) rather than under longer training regimes (7-12 weeks). 

The age of the trainees was also a significant variable in the analysis as the benefits 

increase in the older more than in the younger participants. 

A recent RCT study (Ballesteros et al., 2014a; Mayas et al., 2014) investigated the 

effects of training healthy older adults with non-action video games to determine 

whether the benefits transfer to a broad number of cognitive functions and wellbeing. 

The trained healthy older adults went through 20 one-hour sessions over the course of 

10 to 12 weeks. In each session, the trainees practiced 10 non-action video games twice. 

The pre- and post-test results in a series of psychological tests and computerized tasks 
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of the trained group were compared with those of a control group to examine possible 

transfer of training to untrained tasks. The trained group improved in processing speed, 

attention (reduction of distraction by irrelevant sounds and increase of alertness), 

immediate and delayed memory for pictures, and in two dimensions of subjective 

wellbeing (affection and assertiveness) compared to the control group. However, the 

trained group showed neither transfer to executive control (assessed with the WCST) 

nor to spatial WM. Results of a 3-month follow-up (Ballesteros et al., 2015) showed 

improvements from baseline to follow-up only in affection and assertiveness, two 

dimensions of subjective wellbeing in the trained group, and no change in the control 

group. Significant improvements after training in processing speed, attention and 

memory became non-significant after 3-months. These findings are in agreement with 

other results (Buschkuehl et al., 2008; Stern et al., 2011). Modest transfers after training 

disappeared at the follow-up. The results suggest that to maintain the benefits some 

boosting sessions would be necessary. 

The ineffectiveness of training, despite the fact that several of the practiced non-

action video games mimic WM tasks, is also found in two recent reviews (Melby-

Lervag and Hulme, 2013; Shipstead et al., 2012b). More importantly, a recent 

randomized, placebo-controlled study with young adults who received 20 sessions of 

practice on an adaptive computerized n-back training program found no evidence of 

improvement in multiple measures of verbal and spatial fluid intelligence, multitasking, 

or WM capacity (Redick et al., 2013). Boot and colleagues reported similar results 

(Boot et al., 2013a). 

The lack of benefits of training on executive functions was found in meta-analytic 

studies (Lampit et al., 2014; Toril et al., 2014) and in a systematic review (Kueider et 

al., 2012). Overall, results suggest that older participants have more limited neural 
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plasticity, reducing their ability to transfer an executive skill (information updating). As 

reviewed above, even when the program trained several components (updating, shifting 

and inhibition) far transfer to other WM tasks was not found. Furthermore, a meta-

analysis conducted with published studies with children, young adults, adults, and older 

adults also yielded negligible effects for executive functions (Powers et al., 2013). 

The reviewed studies indicate that video game training improves some aspects of 

cognition but not others. These results have important practical implications as 

exploring new ways of helping older adults to maintain cognitive health may reduce the 

risk of dependency. It will be important for future studies to demonstrate these positive 

effects, considering the limitations of the studies currently available.  These limitations 

include: (a) the relative small sample sizes of longitudinal intervention studies 

(Ballesteros et al., 2014b; Cassavaugh and Kramer, 2009; Clark et al., 1987; Drew and 

Waters, 1986; Goldstein et al., 1997; Maillot et al., 2012; Nouchi et al., 2012), (b) 

individual motivational factors, and (c) more sophisticated statistical designs to address 

the placebo effect resulting from familiarity with the investigators.  For example, most 

studies included just a passive, non-contact (or limited contact) control group (e.g., 

Ballesteros et al., 2014a; Basak et al., 2008; Goldstein et al., 1997; Maillot et al., 2012; 

McDougall and House, 2012), or do not even have a control group (Ackerman et al., 

2010; Cassavaugh and Kramer, 2009) to compare performance with that of the trained 

group. However, a meta-analytic study (Toril et al., 2014) calculated the effect sizes of 

those published studies that used both an active and a passive control group (5 out of the 

20 published studies included in the meta-analysis). The mean effect size (Cohen‟s d) 

for the active control was 0.36 and for the passive control 0.37. The difference was not 

statistically significant.  
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In summary, computerized cognitive training has shown small to moderate 

improvements in certain cognitive domains with no significant effects in executive 

functions. Unsupervised training at home was not effective compared to group-based 

supervised training at a center or laboratory. Moreover, training regimes of more than 3-

sessions per week seem ineffective. Working memory and executive functions do not 

improve after training and may require perhaps multi-modal interventions. Further 

studies are needed to investigate maintenance after training and transfer to daily life 

activities. Video game developers need to work together with aging psychologists and 

neuroscientists to create attractive and useful games specifically designed for aging 

people because the produced video games need to be interesting enough to older people 

to motivate them to play the games. The video games that older adults might find 

engaging are not necessarily those that young adults and adolescents enjoy. 

3.3. Social engagement approaches 

There is no standardized definition of what is the exact meaning or measure of 

social engagement. The epidemiological and interventional studies reviewed here show 

a wide spectrum of definitions where the common denominator is individual human 

interaction with other humans. The seminal study on social engagement (Berkman and 

Syme, 1979) describes a longitudinal study of 5-year duration of older adults in 

Alameda, California. This study identifies four types of social engagement, including 

marriage, network size (number of relatives and friends seen frequently), church 

membership, and participation in formal or informal groups. A summary measure of 

these four ties was called the “Social Network Index”. The higher index was associated 

with better host resistance and reduced mortality. Similar findings were reported by 

several cohort studies over the years, however not all used the same social network 

index. Numerous studies show that increased social engagement in older adults is 
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associated with greater quality of life (Levasseur et al., 2004), lower rates of dementia 

and of overall mortality (Wrzus et al., 2013). In this section, we review longitudinal 

cohort studies, as well as the few intervention studies, where the impact of social 

networks across several domains of healthy aging has been examined, such as decreased 

risk of adverse health outcomes including depression, cognitive decline, dementia, 

motor decline, and all-cause mortality. 

 3.3.1. Longitudinal cohort studies 

There are a large number of articles based on longitudinal cohort studies on social 

networks and cognitive aging. However, few studies have examined specifically the 

cognitive impact of social enhancement. We focus on studies that have measured 

cognitive function outcomes and/or wellbeing (see Table 3). 

[Insert Table 3 about here] 

In a cohort study of the Rush Memory and Aging Project (James et al., 2011), 

1138 older adults without dementia at baseline and with a mean age of 79.6 (SD = 7.5) 

were followed for up to 12 years. The analysis of this cohort used a mixed model 

adjusted for age, sex, education, race, social network size, depression, chronic 

conditions, disability, neuroticism, extraversion, cognitive activity, and physical 

activity. Social activity was measured in terms of frequency of the following six 

common types of activities that involve social interaction such as (Stigsdotter and 

Nyberg, 2015) go to restaurants, sporting events or off-track betting, or play bingo; (2) 

go on day trips or overnight trips; (3) do unpaid community or volunteer work; (4) visit 

relatives‟ or friends‟ houses; (5) participate in groups, such as senior center, Knights of 

Columbus, Rosary Society, or something similar; and (6) attend church or religious 

services. Higher level of social activity was associated with less cognitive decline 
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during average follow-up of 5.2 years. Furthermore, a one-point increase in the social 

activity score (range = 1-4.2; mean = 2.6; SD = 0.6) was associated with a 47% 

decrease in the rate of decline in global cognitive function (p < .001). Conversely, the 

rate of global cognitive decline was reduced by an average of 70% in persons who were 

frequently socially active (score = 3.33, 90th percentile) as compared to persons who 

were infrequently socially active (score = 1.83, 10th percentile). This association was 

similar across five domains of cognitive function. Nineteen tests were used to create 

summary indices of global cognitive function and 5 specific cognitive domains: 

episodic memory, semantic memory, working memory, perceptual speed and 

visuospatial ability. Using a fully adjusted model, on average, a one-point increase in 

social activity score was associated with a 0.034 unit reduction in rate of cognitive 

decline per year, or a 47% decrease in the annual rate of decline in global cognitive 

function. In a person who is socially active (score = 3.33; 90th percentile), the rate of 

global cognitive decline was reduced by an average of 70%, as compared to a person 

who is infrequently socially active (score = 1.83; 10th percentile). The effect of level of 

social activity on preventing cognitive decline remained even after adjusting for income 

status. Furthermore, a level of social activity was consistently associated with a reduced 

cognitive decline in all five cognitive abilities. 

Another cohort study (Wang et al., 2002) of almost 1300 participants followed 

over 6.5 years showed that the adjusted relative risk for dementia according to social 

participation was 0.67 (95% CI 0.34 to 1.33), slightly higher than for physical activity 

0.61 (95% CI 0.40 to 0.93), but slightly less than for cognitive activities 0.70 (95% CI 

0.49 to 1.01). A seminal study of social activities (Berkman and Syme, 1979) with 6900 

participants and a nine year follow-up demonstrated that the association between social 

ties and mortality was independent of self-reported physical health status at the time of 
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the 1965 survey, socioeconomic status, and health-related practices such as smoking, 

alcohol consumption, obesity, physical activity and utilization of preventive health 

services, as well as a cumulative index of health practices. 

A cohort (Zunzunegui et al., 2003) with over 1500 enrolled individuals showed a 

slightly more nuisance definition of social network. The probability of cognitive decline 

was lower for both men and women with a high frequency of visual contact with 

relatives and community social integration. However, interestingly enough, engagement 

with friends was protective for cognitive decline in women but not in men. 

An important different set of results were reported in a cohort study (Jacobs et al., 

2011) of 1861 adults 70-85 years old over the past 15 years. This study of Jerusalemites 

showed that the 70 olds were overall well in terms of general cognition and activities of 

daily living. Moreover, the overall health profile was favorable, prevalence of geriatric 

syndromes was low, cognitive and functional status was preserved, and health service 

utilization was low. However, there was a progressive deterioration after age 78 and 

more profoundly so, after age 85. The authors suggest that given the good status of this 

cohort, the cut-off point beyond age 70 may better serve to define entry into old age 

instead of the customary 65. Unfortunately, this study did not measure social networks 

specifically. Yet another publication of the same cohort (Stessman et al., 2005) reported 

that social factors had the highest correlation with a longer life. 

It is interesting to compare the findings of the (Jacobs et al., 2011) study to those 

found in the study reported by (Eisele et al., 2012), where the average age is 82.5 years. 

The latter is the only cohort study that showed a negative association between social 

support, understood as the emotional component of social enhancement and cognitive 

function. The results of this longitudinal cohort study, drawn from a national primary 
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care practice sample of 1800 elder with mean age of 75, did not show any effect on 

cognitive function or mortality, over an 18-month follow-up time frame. The authors 

concluded that the follow-up period was too short to show any significant impact. This 

study was drawn from primary medical practices as opposed to a national random 

sample and it is also possible that this kind of population represents a more complex 

medical sample having a higher degree of morbidity. 

Social integration, frequent contact with family and friends, and playing an 

important role with significant others have beneficial effects in maintaining cognitive 

function in later life (Zunzunegui et al., 2003). These positive effects of social networks 

however are contextually bound, as showed by reports using SHARE data (Litwin, 

2010) comparing wellbeing and social networks of 5 Mediterranean and 7 non-

Mediterranean cultures. Although the association remains positive, this study 

demonstrated the contextual difference among cultures, the Mediterranean cultures 

putting more emphasis on the face-to-face family relations. The impact of social 

networks on cognitive function has been documented even when the social networks 

increase only at later stages in life (see for example (Buchman et al., 2009). Studies 

looking at ethnic minority populations (Park et al., 2013) and also longitudinal studies 

from Korea (Youn et al., 2011) report similar positive associations between 

wellbeing/longevity/mortality/ and social networks as the above cited western-based 

longitudinal studies. However, a cohort study demonstrated specific gender/culture 

effects, with men benefiting more from social networks with key role involvement, 

specifically in rural areas (Takagi et al., 2013). Interestingly, this gender related social 

network/depressive symptoms protection was not found in a comparable population in 

the USA, highlighting the cultural/gender domains as they related to social network 

impact and mental wellbeing (Tiedt, 2013). In addition to gender issues, outdoor 
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activities as part of the embedded social enhancement appear to be factors in need of 

further research (Sjogren and Stjernberg, 2010). However, the relationship of social 

engagement and cognitive function is complex and (Small et al., 2012) the cohort 

studies appear to support a dual hypothesis that: (a) lifestyle engagement may buffer 

some of the cognitive changes observed in late life, and (b) persons who are exhibiting 

poorer cognitive performance may also relinquish some social enhancements activities. 

There is solid evidence that decreased mortality is associated with increased social 

engagement, as shown by a large meta-analysis of 148 studies, involving 308 849 

participants (Holt-Lunstad et al., 2010). The Caerphilly Cohort Study of 3500 adults 

over 35 years (Elwood et al., 2013) demonstrated a significant protective effect on 

cognition for those adopting healthier lifestyles (healthier diet, higher physical activity, 

decrease smoking and alcohol). This cohort study (personal communication) also 

examined the social enhancement factors, but did not report results on this topic 

(Elwood et al., 2013). The association between social networks and socioeconomic 

status still remains a difficult challenge, since recent studies indicate that the two 

variables also affect the “built environment” of poorer older adults, including clutter and 

disorder, as well as riskier living conditions (Cornwell, 2014). 

A recent report on SHARE data (N= 38777) examined social network activity and 

cognitive function, using word recall and self-rated cognitive wellbeing (Litwin and 

Stoeckel, 2015).  Multivariate analyses demonstrated that social activity participation 

yielded stronger positive associations with word recall and self-rated memory than 

social networks alone.  Thus, it appears that it is the activity of social networks that is 

contributing to both objective and subjective cognitive wellbeing later in life. 

Interestingly, the extent of the positive benefit of the activity count on cognition 

decreases when greater social network resources are available.  This decreased benefit 



Page 43 of 101

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 42 

as more social networks are available may be related to the aging brain‟s capacity to 

deal with an increasing processing load, consistent with the cognitive reserve theory. 

However, it may also be related to the physiologic changes observed in white matter 

twining that occur with physiological aging as discussed in a recent study (Molesworth 

et al., 2015). The study showed that there is a large variation in white matter integrity 

with aging however, and thus other pathways and networks may be involved in 

translating social network activity into brain health protective mechanisms (see for 

example, (Gianaros et al., 2013; Kempermann, 2015; Verstynen et al., 2013). 

Similar beneficial effect of social networks on subjective wellbeing from the 

ELSA study (N=4116) were found over a 6 year observational period (Rafnsson et al., 

2015). The authors concluded that social network size and network contact frequency 

were positively and independently associated with satisfaction and quality of life, after 

controlling for confounding factors, including demographic characteristics, 

socioeconomic factors, and long-standing illness. However, unlike the Litwin study, 

there are no cognitive specific self-reported measurements. 

 3.3.2. Intervention studies 

Table 4 summarizes the few intervention studies that have measured social 

enhancement and cognitive function. These studies can be broadly divided into the 

following categories: interventional studies focusing on tradition/cultural community 

interventions, technology based interventions and blended studies of ICT and 

community of practice interventions. All the studies in Table 4 are small in size and yet 

informative. All, except one, have showed that social enhancement positively impacts 

the sense of wellbeing and cognition. The positive effect of social enhancement 

interventions is also supported by (Verhaeghen et al., 2012), in the comparison of 
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cognitive tests in the lab with real life where emotions and motivational factors enter as 

compensatory mechanisms, most of which are of social/motivational variety. 

[Insert Table 4 about here] 

The traditional/cultural interventions include exercise programs, dance and other 

community-based activities focusing on volunteering. For example, exercising with 

others to whom one has an emotionally meaningful connection could enhance aspects of 

exercise that are important to continued participation, such as interest, affect, and 

motivation (Christensen et al., 2006). Among the activities that can be considered as 

involving social networks are the culturally oriented dance groups that have sprung up 

worldwide in community-based programs for aging populations (see, for example, 

Horowitz and Chang, 2004; Osgood et al., 1990). 

As shown in Table 4, Alpert et al. (2009) did not find any positive association 

between cognitive function and jazz group classes in older people living in 

communities. However, the study included only 13 participants and no controls. 

Another type of creative activity that involves social encounters is music. The impact of 

music on healthy aging is remarkable. An illustrative example is a randomized 

controlled study with over 1000 community dwelling 65+ elders, who participated in a 

chorale program (Cohen et al., 2006). This study involved a creative art activity 

conducted by trained professionals within a social enhancement group environment. 

Although cognition was not directly measured, social activity increased in the 

intervention group, as well as overall health, with a decrease in falls and 

hospitalizations. 

Lifelong learning programs may also be considered within the social enrichment 

domains. These type of programs designed specifically for older adults show positive 
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effects on sense of wellbeing and social engagement (Ballesteros et al., 2014b; Pao, 

2014). Technology-based studies such as teleconferencing was the channel used by 

trained volunteers with urban elders recruited from primary care practices (Mountain et 

al., 2014). This pilot RCT study aimed to recruit individuals aged 74 + with a good 

cognitive function and living independently in order to establish whether a home-based 

intervention set up on telephone communication delivered through trained volunteers 

could improve or successfully maintain mental wellbeing of older people who were 

vulnerable and hard to reach. The study did not continue past 6 months post 

intervention, mainly due to attrition of volunteers, as well as participants who were 

uninterested in continuing to participate in the RCT. The methodological and 

operational difficulties identified in this English study appear to be the key finding also 

of a meta-analysis aimed at reducing self-reported social isolation, either by in person or 

by technology-assisted interventions (Medical Advisory Secretariat, 2008). The authors 

suggest that no specific conclusions can be drawn since the number of recruited 

participants was small and the interventions variable and the instruments measuring 

outcome were different. However, the simple technological means of reaching lonely 

older adults and having an impact on their degree of loneliness and perhaps cognitive 

function seems like an achievable goal. 

Nistor et al. (2013) used a pilot technology-based virtual university community 

(vCoP) with a total of 133 participants, mostly female, ranging in age from 24 to 75+ 

with a high educational level. There were no cognitive enhancement measurements but 

the study measured two variables that are relevant to our review: technology anxiety 

and the time spent by the participants in the virtual community of practice, which may 

be considered a measure of social connectivity. The study showed low diversity in 

social connectivity among the participants in relation to age or educational level. For 
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our purposes here, those of 65+, more than 50% of total participants, demonstrated 

equal level of social connectivity in vCoP.   

In summary, all studies reviewed here, except one, demonstrated that social 

enhancement does contribute to healthier brain aging. Although none of the intervention 

studies were dedicated to exploring the mechanisms of social enhancement on cognitive 

brain aging, it appears that this effect is modulated through specific gene regulation 

expression involving the CNS and its interaction with neuroendocrine and sympathetic 

systems, more specifically the immune system (Cacioppo et al., 2015; Gianaros et al., 

2013; Goossens et al., 2015; Molesworth et al., 2015; Slavich and Cole, 2013; Zhu et 

al., 2014). We are therefore, at the early staging of bridging the gap from observations 

and associations of social enhancement to specific neuro-psychosocial pathways that 

lead to healthy brain aging. However, from a public health perspective, we should be 

asking the question if this evidence is sufficient to guide public health policy regarding 

interventions involving social enhancement in our efforts to impact on healthy brain 

aging. Some researchers suggest that this degree of evidence is sufficient (Glasgow et 

al., 2012; Green and Glasgow, 2006; Kessler and Glasgow, 2011; Russell E. Glasgow, 

2007). 

4. Single-domain versus multi-domain training interventions: 

Rationale for combined interventions 

Most of the intervention studies conducted so far focus on a single domain of 

training. There are few studies where the effects RCT interventions focus on combined 

multiple training domains (multi-domain). We now present the potential rationale for 

multi-domain cognitive training interventions and the key multi-domain interventions 

found in the literature. 
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From the previous sections, it appears evident that future RCT would profit from 

integrating different types and scope of activities designed to enhance cognition, while 

being embedded into a social engagement framework. Social engagement has, like 

aging itself, an individual trajectory that we have the capacity to influence through 

behavioral modification (Yokoyama et al., 2014).  

In order to achieve social enhancement there is a need for building the appropriate 

societal infrastructures to allow aging individuals to participate in the meaningful 

activities so critical to cognitively healthy aging. This infrastructure would include 

establishing volunteering networks for older adults, environmentally-related activities 

and peer support groups among disabled/able older adults (Carlson, 2011; Geller and 

Zenick, 2005; Hofer and Busch, 2013; Steinerman et al., 2010; Styles, 2005; Wagenet 

and Pfeffer, 2007; Wright et al., 2003). 

There are examples in the literature of how such social engagement supports 

healthy aging and cognition, for example, by encouraging volunteering in old age in 

elder-helping-elder programs (Butler and Eckart, 2007) or programs aiming at 

increasing informal social interactions, such as cultural programs (Cohen et al., 2006) or 

occupational therapy programs (Hay et al., 2002). These kinds of initiatives are not new 

to social networks, having a long tradition as Communities of Practice (CoP). These 

communities are defined as groups of people sharing goals, activities and experiences in 

the frame of a given practice over lengthy periods of time (Wenger, 1998; Wenger et 

al., 2011). Social relationship-based interventions represent a major opportunity to 

enhance not only quality of life but also overall survival (Holt-Lunstad et al., 2010). 

Cognitive training, physical activity, social networking and healthy lifestyles may 

turn out to be the epigenetic modifiers of the psychosocial genetic aging of the human 



Page 48 of 101

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 47 

brain. If these lifestyle changes are implemented in a synchronous intervention in a 

practical feasible clinical trial (Ferrara et al., 2014; Tunis et al., 2003), there exists a 

potential of yielding a synergistic impact on the brain cognition maintenance that 

resembles the complex synergistic networks the aging brain naturally employs through 

neuroplasticity and scaffolding to maintain lifelong learning and health (Fissler et al., 

2013). Creating a social climate of supportiveness for older individuals to have 

culturally appropriate and meaningful social networks could emerge as an optimal 

framework for preserving a healthy brain and body, complementing and supporting 

strategies to improve knowledge and behaviors on nutrition and physical exercise. The 

hypothesized combined impact of practical trials incorporating multi-domain 

interventions that resembles the complex synergistic networks the aging brain naturally 

employs may be the promising road for maintaining healthy brains and bodies 

(Hanleybrown and Mark Kramer, 2012). 

Mental health promotion in older adults would require public policy initiatives 

supporting older adults in building and maintaining friend-based social networks, for 

example, by creating the infrastructure needed to initiate and encourage volunteering in 

old age in elder-helping-elder programs (Butler and Eckart, 2007). Evidence support the 

notion that participation in volunteer activities is associated with the satisfaction of 

accomplishing something, doing something meaningful, and of belonging (Miles et al., 

1998). Government efforts to encourage volunteering in ecological connected projects 

(Wagenet and Pfeffer, 2007) are the kind of social enrichment networks for an aging 

population that appear to be supported by already existing research discussed in this 

paper. These potential community-based interventions can be studied utilizing the 

synergistic model of channeling change among older persons toward more socially 

enriched and active lifestyles (Hanleybrown et al., 2012; Piniewski et al., 2011). 
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A few multi-domain intervention studies have been published. Table 5 

summarizes the main results. An early study  investigated long-term effects of cognitive 

training or physical training on everyday activities in adults over 75 years of age 

(Oswald et al., 2006). There were three training conditions, cognitive training, psycho-

educational training and physical training. Each training approach was carried out as a 

single-domain training protocol or as a combination of cognitive and physical training 

or psycho-educational and physical training. The best results were obtained in the 

combined cognitive training and physical training compared to the control group. 

Enhanced cognitive performance was maintained over 5 years after training with large 

effect sizes. The success might be in part due to the fact that some of the participants 

continued performing some of the exercises on their own. Participants also showed 

better every day functioning when assessed by a composite measure formed by self-

rating and interviewer rating of independence, care services, and nursing services at 

home. 

The MAX trial (Barnes et al., 2013) was set to examine the combined effects of 

physical plus mental activity on cognitive function in older adults. A total of 126 

inactive, community residing older adults with cognitive complaints were included in 

the study. All participants engaged in home-based mental activity (1 hour/day, 3 

days/week) plus class-based physical activity (1 h/day, 3 days/week) for 12 weeks and 

were randomized, to either mental activity intervention (intensive computer) or mental 

activity control (educational DVDs) plus exercise intervention (aerobic) or exercise 

control (stretching and toning). Global cognitive change was assessed by means of a 

comprehensive neuropsychological test battery. Results show that there were significant 

improvements in global cognition with no evidence of differences between intervention 
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and active control groups.  This may reflect practice effects or suggest that the amount 

of activity is more important than the type of activity in this type of population. 

A randomized controlled four-group design (Shatil, 2013) - computer-based 

cognitive intervention, physical activity intervention, combined cognitive-physical 

activity intervention, and book reading and discussion control group - was set to 

evaluate the efficacy of cognitive training, physical activity training, and both combined 

to improve cognitive function in healthy seniors (mean age = 76.8 years). The study 

found that the two groups of older persons who engaged in cognitive training 

(separately or combined) significantly improved their memory, processing speed, eye-

hand coordination, naming, and visuospatial processing ability scores. No such 

improvements were observed in the groups that did not engage in cognitive training, 

with the differences and improvements holding true not only between groups but also 

within groups. While the effects for speed of visuospatial information processing, visual 

scanning, and global visual memory were of medium size, those for naming and hand-

eye coordination were large. 

A study evaluating morphofunctional changes occurring in the brain of healthy 

elderly people who were stimulated for six months with a set of structured multimodal 

activities, including cognitive training/stimulation and aerobic training, found that such 

combination can be an effective strategy to counteract aging-related cognitive decline 

(Pieramico et al.). 

Results from the Mayo Clinic Study of Aging (Geda et al., 2012), a population-

based observational study of aging and MCI examined the impact of physical exercise 

and computer use during the study period, after adjusting for a third lifestyle factor 

(caloric intake), age, sex, education, medical comorbidity and depression. Results show 
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that participants who engaged in both moderate physical exercise and computer use had 

significantly decreased odds of having MCI (odds ratio [95% confidence interval], 0.36 

[0.20 to 0.68]) compared with the reference group. In the interaction analyses, there was 

an additive interaction (p= .012) but not multiplicative interaction (p = .780). 

The results of a multimodal intervention (Li et al., 2014) set to investigate the 

functional plasticity in resting-state connectivity of the prefrontal cortex and the medial 

temporal lobe in older adults suggest that multi-domain intervention composed of 

cognitive training, Tai Chi exercise, and group counseling could postpone the effects of 

aging and improve the function of the regions that are most heavily influenced by aging, 

as well as help to preserve the brain and cognition during old age. 

The simultaneous training of both cognitive and physical domains offers a greater 

potential on daily life functioning, which usually involves the recruitment of multiple 

abilities and resources rather than a single one. A recent study (Theill et al., 2013) 

involved 73 participants (age range 65 to 84) who either performed the simultaneous 

training, a single working memory training, or attended no training at all. Cognitive 

transfer tasks (selective attention, paired-associated learning, executive control, 

reasoning, memory span, and information processing speed) and verbal working 

memory training (computer-based n-back training and serial position training) were 

done on a computer platform. During the motor-cognitive dual task, researchers 

investigated gait performance under single- and dual- task conditions while performing 

a working memory task. Participants walked at their normal, self-selected speed over a 

distance of 20 meters, with a turning point at a cone after 10 meters. Under dual task 

condition, participants performed a working memory task at the same time, by counting 

backwards in steps of seven, beginning alternately with 501, 502, or 503. The results 

show similar training progress and larger improvements in the executive control task for 
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both training groups when compared to the passive control group. However, the 

simultaneous training resulted in larger improvements compared to the single cognitive 

training in the paired-associates task and was able to reduce the step-to-step variability 

during the motor-cognitive dual task when compared to the single cognitive training and 

the passive control group. 

A recent longitudinal study tested the hypothesis that learning new skills that 

activate working memory, episodic memory and reasoning would improve cognitive 

function in older adults (Park et al., 2014). Three groups were tested in the productive 

training engagement conditions (the quilting training group, the digital photograph 

training group and the dual or the multi-modal condition that learn both photo and 

quilt). In all conditions, older participants were involved for 3-months in learning these 

new skills. A fourth social control group was engaged in social activities (as cooking, 

watching movies, going on regular weekly field-trips) for the same amount of time as 

the other groups but did not learn new skills. There were also a placebo condition and a 

no-treatment condition. The results suggest that sustained engagement in cognitively 

demanding, novel activities enhances memory function in older adulthood compared 

with social and placebo conditions. Participants in the placebo (baseline) group had 

limited social contact as they worked alone on tasks that they believed improve 

cognition. Importantly, the three productive-engagement groups showed better episodic 

memory than the social group. The result suggests that the acquisition of a demanding 

new skill improved memory while socializing did not. More detailed comparisons 

showed that the digital photo training group and the dual condition group (photo and 

quilting) improved memory significantly whereas the effect was not significant in the 

quilting group. The dual training condition did not produce better results than the 

photography group alone. These findings are worth further investigation as they suggest 
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the importance of engagement in novel and challenging learning activities to improve 

memory in older adults. Interestingly, the study showed no memory improvement of 

social engagement, which might have been a confusing variable in other previous 

studies. At this point, it is not clear why multi-domain training did not produce better 

results than quilting training alone. More studies on multi-domain training (photo and 

quilting) and on social engagement are needed before these results could be accepted as 

conclusive. 

The results of a recent study (Rahe et al., 2015) suggest that combined cognitive 

and physical training might lead to stronger long-term effects on attention. Yet, the 

difference between the group offered cognitive training and the group engaged in the 

combined training was only evident at follow-up, suggesting that effects cannot be 

interpreted as a direct consequence of combined training. Indeed, the authors suggest 

that they may have been related to sustained physical activity after the end of the 

intervention, opening new avenues for research and intervention. 

Exceptionally powerful mobile technology has opened a new landscape of 

possibilities. This has been reflected by major funding initiatives, for instance from the 

European Union (EU). Within the Ambient Assisted Living Joint Program 

(http://www.aal-europe.eu/about/), several EU funding calls have led to a 

substantial number of different consortia, in which ICT topics were addressed. Most of 

these consortia have not provided original publications of the results yet.  

Long Lasting Memories (LLM) (http://www.longlastingmemories.eu/), an EU 

funded project with 5 pilots in 4 European countries and languages (Greek, Spanish, 

German and French) has addressed the three areas (Frantzidis et al., 2014) and has been 

presented as a unified solution for cognitive and physical health for senior citizens 

http://www.aal-europe.eu/about/
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(http://www.longlastingmemories.eu/). The cognitive program was designed to train 

processing of auditory sensory information, memory, attention and learning. Physical 

training was performed through the FitForAll (FFA) platform, a gaming environment-

based on the Nintendo Wii Remote and Balance Board, with exercises aimed to enhance 

body flexibility and strength but also physical endurance through aerobic training. The 

project also provides means to connect to family and friends, care and medical services 

and alarm and rescue center. Using quantitative electroencephalography, results 

published (Frantzidis et al., 2014) from the Greek pilot with 103 participants (53 in the 

training group and 50 in the active group) showed that the LLM intervention was 

effective in increasing synchronization across the two hemispheres at rest when 

compared to an active control group, a result that might have clinical relevance, since 

disturbance of long-range connections among distant brain regions (anterior-posterior) 

is one of the main characteristics of pathological aging. In Spain, results from the study 

with 267 healthy and MCI participants (Franco et al., 2013) showed an improvement 

after the LLM training in global cognitive function, in verbal memory, processing 

speed, episodic memory and depressive symptoms. The increase of age was associated 

with a decreased in the improvement of cognitive performance. 

The AGNES project (User-sensitive home-based system for successful Ageing in 

a Networked Society) was one of this ICT European initiatives conducted to investigate 

the potential of technological mediated social networks for improving quality of life of 

older adults living at home (Ballesteros et al., 2014b; Peter et al., 2013). In AGNES, a 

home-based system allows older adults to connect with their family and friends over the 

Internet. The system used ambient displays, tangible interfaces and wearable devices for 

interaction with the network, and other sensors for generating information on the older 

adult for the significant persons. The use of the AGNES system had some positive 
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effects on the mental state of the users‟ group compared to the control group. The study 

suggests the potential of the system to improve older adults‟ perceived wellbeing. 

However, more research is needed to determine the effects of AGNES as a tool to 

maintain mental health and independent living in aging. A greater variety of 

psychological tests and larger samples of older adults randomly assigned to 

experimental and active control groups would be important to validate the preliminary 

results. 

 [Insert Table 5 about here] 

In summary, the studies reviewed above revealed that the multi-domain or 

combined training seems a promising way to promote cognitive maintenance and 

independent living among older adults. However, it is premature to draw solid 

conclusions from the available data, leading us to conclude that there is a strong need to 

move toward multi-domain robust studies specifically designed to measure cognitive 

aging within socially embedded enhancement infrastructures. In addition, multi-domain 

studies may allow us an opportunity to decipher the “paradox” between the documented 

levels of neuropathology on the one hand and the level of generally lower than expected 

cognitive impairment observed clinically (Bennett et al., 2014; Carstensen et al., 2011) 

5. Conclusions and future directions 

The studies reviewed above suggest that there are protective, although moderate 

positive effects of physical activity, cognitive training and social engagement on 

reducing cognitive decline in older adults. Some of the reviewed interventions reflect 

real life activities, which already qualify as exemplary scenarios for a multi-domain 

approach.  
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Amateur dance (Kattenstroth et al., 2013) as well as Tai Chi combined physical 

exercise, cognitive practice and social engagement. These activities provide 

paradigmatic models for future interventions. Dance movement combines physical 

activity with sensorimotor and cognitive engagement, as well as other social and 

emotional aspects, which creates synergies protecting older adults from physical and 

cognitive decline. Similarly, Tai Chi has shown a significant capacity to improve 

physical function and reduce the risk of falls, depression and anxiety (Rogers et al., 

2009), as well as to ameliorate cognitive functions and to increase brain volume 

(Mortimer et al., 2012). Future studies need to control for the selection of participants 

more closely and to determine the specific contributions of physical activity in a multi-

domain setting. 

More structured randomized controlled multi-domain intervention studies would 

be useful to evaluate the currently unresolved questions of the relative contribution and 

the possible synergist effect of concomitant stimulation of cognitive capacity through 

diverse neural networks. These studies need to use larger samples and to include two 

control groups, an active group and a non-contact control group to account for the issues 

of retest effects, as well as issues related to expectations (motivation/placebo effects) 

and the effect of social contact with the experimenters (for an interesting discussion, see 

(Boot et al., 2013b). The inclusion in the same study of these two types of control 

groups would allow for the comparison of the performance on the outcomes of the 

trained group (or groups) with active and passive controls as well as the performance of 

each type of control group in the study outcomes. 

In addition to methodological and study design considerations, our review 

suggests that researchers, health practitioners, community action groups and policy 

makers should consider the use of synergistic multi-domain practical interventions in 
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real life scenarios, in order to be able to study the influence of meaningful social 

engagements as a separate factor in cognitive healthy aging. One additional lesson 

learned from the clinical trials is that the non-intervention control group is susceptible to 

very high attrition rates and given the body of knowledge on the usefulness of social 

interventions on maintenance of cognition, it may not be entirely ethical at this point, as 

we have learned from cancer treatment trials. On the other hand, the use of blended 

social enhancement activities that involve technological and social channels does not 

seem to affect the recruitment or retention of older persons, despite concerns to that 

effect. Information and communication technologies provide great opportunities and 

challenges to improve or facilitate the implementation of multi-domain interventions in 

aging. Technology based approaches offer a large array of possibilities such as the 

acquisition and recording of the user‟s data with or without their direct participation, 

delivering a specific training component online such as in video games for cognitive 

training, coaching the user, evaluating the results or any combination of these 

functionalities. 

 Multi-domain blended interventions that are embedded in social enhancement 

networks, cognitive and physical stimulation seem to show promise for supporting a 

higher cognitive and daily activity function, despite the physiological aging of the brain. 

Our review suggests that there are challenges inherent in the design and implementation 

of multi-domain synergistic trials, which may be classified in the following three 

categories: 1) the design and application of complex statistical tools for tackling multi-

domain synchronous interventions with large number of outcome variables; 2) the 

definition of outcome measures that have functional significance in the life of older 

adults; and 3) the development of translational research methodologies based on results 
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from controlled laboratory studies to scenarios of practical community-based 

interventions. 

  Therefore, further research would benefit from embracing the complex and 

promising basic neuroscience findings, and consider the structuring of synergistic multi-

domain interventions that can be embedded in the within the activities of daily living of 

a fast growing aging population. Today there is a need for well-designed large-scale 

longitudinal studies, designed to investigate the potential superior enhancements and 

daily life performance of older adults with combined cognitive training, physical 

activity and social interaction.  
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Figure Captions 

 

Figure 1. Overview of individual components of multi-domain interventions for healthy 

brain aging: A selection of possible elements for cognitive training and physical activity 

embedded in a social environment, depending on specific biological factors. 
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Highlights: 

 

 

 

 Cognition in aging is influenced by PA, cognitive training and other factors  

 

 Social networks have a role in cognitive maintenance in aging.  

 

 Interventional studies aim to prevent and/or delay age-related cognitive decline. 

 

 Multi-domain interventions may have synergistic effects in enhancing 

neuroplasticity.  

 
 RCTs will profit from integrating activities embedded into a social engagement 

framework. 

 

 There is a need for new multi-domain synergistic interventions in healthy aging. 
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Table 1 

Characteristics of the cognitive training studies and main findings of core studies of older adults. 

 

STUDY AGE CONTROL N TRAINING PROGRAMME DURATION OF TRAINING SIGNIFICANT FINDINGS 

(Ball et al., 2002) 

(RCT) 

65-85 NC 2832 O Speed of processing, memory, 

problem solving training 

10 sessions of 60 min over 5 

weeks 

Proximal training effects on the 

trained skill that continued at lower 

level 2 years later. Absence transfer to 

real world outcomes. 

(Berry et al., 2010)  60-89 NC 30 O Perceptual discrimination Sweep 

Seeker, InSight, Pos Sci 

10 hours over 3-5 weeks TG showed transfer to WM 

N1 amplitude (a new neural marker) 

decrease correlated with WM 

performance. 

 

(Bherer et al., 2005) M=20 

M=70 

NC 36 O  

36 O 

Computer-based adaptive training: 

auditory discriminant and visual 

identification independently or 

concurrently 

5 training sessions of 60 min 

over 3 weeks 

Reduced latency in Y and O. 

Substantial and age-equivalent 

training and transfer benefits for 

maintaining multiple task sets and to 

perform multiple tasks concurrently. 

(Buschkuehl et al., 

2008) 

M=80 AC 32 O Computer-based adaptive training: 

3 variant of a spatial WM task and 

2 verbal choice RT tasks 

2 training sessions of 45 min 

over 12 weeks 

Improvements in all the trained tasks. 

Near transfer to a block span task and 

some evidence in a visual free recall 

task. Gains were lost 12 months later. 

Table(s)

http://ees.elsevier.com/neubiorev/download.aspx?id=89810&guid=38979a36-6075-4d47-b941-581fe816bbd7&scheme=1
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(Cheng et al., 2012) 

(RCT) 

60-75 NC 193 O Cognitive training (CogTr): 

Single-domain and multi-domain 

training compared to a waiting list 

control group 

24 session, 60 min each over 12 

weeks 

Multi-domain CogTr improved 

FBANS, visual reasoning, and 

memory. Effects remained 12 months 

later on delayed memory and visual 

reasoning; Single-domain training 

effects on FBANS, visual reasoning, 

word interference, and visual-spatial 

score. After 12 months only effects on 

word interference. 

(Dahlin et al., 

2008b) 

M=24 

M=68 

NC 

NC 

26 Y 

29 O 

WM updating computer-based 

training program with numbers, 

letters, spatial locations and colors 

15 sessions, 45 min each over 5 

weeks 

TGs similar training improvement in 

Y and O updating in WM. 

Practice gains maintained 18 months 

later. Transfer to an untrained (3-

back) updating task in Y not in O. 

(Karbach and Kray, 

2009) 

M=9 

M=22 

M=69 

------- 56 C 

56 Y 

56 O 

Computer training: Single task; 

task-switching 

4 training sessions over 8 

weeks, 60-70 min each 

Near transfer of task-switching 

training in all groups. Far transfer to 

other executive tasks and fluid 

intelligence in all groups. TG 

improved RT. 

       

(Li et al., 2008) M=25 

M=74.5 

NC 19 Y 

21 O 

Computer-based training with 

a spatial WM with two demand 

levels  

45 days intervention, 15 min 

per day 

TGs similar improvements in the 

trained tasks in Y and O 

Near transfer to a spatial 3-back task 

and to numerical 2 and 3-back tasks. 

No evidence of far transfer to 

complex span tasks. Near transfer 

gains maintained 3 months later in Y 

and O. 
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(Lussier et al., 2012) 72-85 NC 

NC 

23 Y 

23 O 

Computerized dual-task 

Computerized dual-task 

 

5 training sessions of 1 hour 

over 2-3 weeks 

Y and O TGs enhanced performance 

on the 3 transfer dual-tasks; training 

did not reduce task-set costs in the 

transfer conditions. 

(Mahncke et al., 

2006) 

65-75 AC 

NC 

182182 Computer-based training with 

Posit Science, San Francisco (CA) 

8-10 weeks; 60 min/5 days a 

week 

TG improved in trained tasks. 

Transfer over unrelated memory 

tasks. Memory enhancement after 3-

month of no contact. No change /no 

difference between AC and NC 

suggesting no placebo effect. 

       

(McAvinue et al., 

2013) 

64-79 AC 36 Computerized online adaptive 

training; education on WM and 

practice of 9 WM tasks (span: 

numbers & colors; focus: faces & 

names; running span tasks; n-back 

(faces, spaces, names), dual 

tasking (space + names); auditory 

serial attention task 

5 weeks; at least 30 min/5 days 

a week 

TG improved in short-term memory 

maintained at 3- and 6 months follow-

up; in episodic memory but not 

maintained at follow-up; no 

improvement on auditory WM or 

episodic memory tasks.  

TG and AC did not change in self-

reported memory and attention slips; 

both showed higher satisfaction ratings 

during post-training assessments. 

(Mozolic et al., 

2011b) 

(RCT) 

69.4 AC 62 O Training program to suppress 

irrelevant stimuli 

8 weeks; 1 h per week TG improved ability to ignore 

irrelevant cross-modal stimuli but not 

within modality distraction.  

Training generalized to untrained 

domains (processing speed and dual-

task performance). 

(Richmond et al., 

2011) 

(RCT) 

60-80 

M=66 

AC (Trivial 

learning) 

40 O Complex adaptive spatial and 

verbal WM tasks 

20 sessions; 30 min over 4-5 

weeks 

TG improved Reading Span and 

number of repetitions on the CVLT. 

TG more likely to self-report 

improvements in everyday attention. 
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(Sandberg et al., 

2014) 

 NC 29 Y 

30 O 

Computerized training of multiple 

executive tasks 

15 sessions; 45 min over 5 

weeks 

TGs pronounced gains in trained 

tasks. Near transfer to non-trained 

tasks. Y only intermediate transfer to 

2 complex WM tasks and no far 

transfer for either age group. 

(Stepankova et al., 

2014) 

(RCT) 

M=68 NC 65 N-Back training task 5 weeks; 9 or 20 sessions TGs improved in an n-back task and 

showed reliable transfer to composites 

measures of WM and visuospatial 

skills. 

(Wolinsky et al., 

2013) 

(RCT) 

50-64 

65 plus 

AC 

(Computerized 

crosswords 

puzzles) 

620 Computerized Visual Speed 

Training (Active Tour, Posit 

Science Corporation) 

10 -14 hours Training on site or at home resulted in 

improvement on the primary outcome 

(UFOV) and stabilization or 

improvement in several executive 

function tests that translate to 3 to 4.1 

years of protection against age-related 

declines. 

 

Abbreviations: M = Mean Age; TG = Trained Group; AC = Active Control Group; NC = No Contact Control Group; HC = Healthy control group; WM = Working Memory; RT= Reaction Time; MCI = Mild 

Cognitive Impaired older adult; RCT = Randomized Controlled Trial; Y = young adults; O = older adults; UFOV = Useful Field of View; CVLT = California Verbal Learning Test; FBANS = The Repeatable Battery 

for the Assessment of Neuropsychological Status. 
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Table 2 

Characteristics and main findings of the video game training studies included in the Toril et al. (Toril et al.) meta-analysis and the study from 

Ballesteros (Ballesteros et al., 2014a). 

 

STUDY AGE CONTROL N VIDEO GAMES 
DURATION OF 
TRAINING 

SIGNIFICANT FINDINGS 

(Ackerman et al., 

2010) 

50-71 

 

------ 78 Wii Big Brain Academy 4 weeks: 5x/weeks No significant transfer of training 

from Wii practice or reading tasks to 

measures of cognitive and perceptual 

speed. 

(Anguera et al., 

2013) 

M=67 AC/NC 46 Neuroracer 4 weeks Training enhanced cognitive control. 

These benefits were extended to 

untrained abilities. 

(Ballesteros et al., 

2015; Ballesteros et 

al., 2014b) 
RCT 

 

 

 

 

 
 

 

(Belchior, 2008) 

57-80 

 

 

 

 

 

 

63-75 

NC 

 

 

 

 

 

 

NC 

40 

 

 

 

 

 

 

39 

Lumosity 

 

 

 

 

 

 

Rise of Nations 

10-12 weeks; 20 1-h 

sessions 

 

 

 

 

 

4-5 weeks: 3x/weeks 

TG improved processing speed, 

attention, visual recognition, affection 

and affectivity but not VSWM and 

executive control. Except Affection 

and Assertiveness, the other benefits 

disappeared at 3-month follow-up. 

 

TG improved memory, executive 

function and visuospatial abilities. 

 

 

(Belchior, 2008) 

 

67-84 

 

AC (Tetris) 

NC 

 

58 

 

UFOV or Medal of Honor 

 

2 weeks: 2-3/week 

 

TG improved processing speed more 

than NC. 

 

(Boot et al., 2013a) 

 

M=74 

 

NC 

 

40 

 

Brain Age 

 

12 weeks 

 

Cognitive abilities did not improve. 

(Boot et al., 2013a) M=74 NC 34 Mario Kart 12 weeks Cognitive abilities did not improve. 

(Bozoki et al., 2013) 60-80 AC (Online activities) 60 Online video games 6 weeks No transfer effects. The effect sizes 

were relatively small. 

Table(s)

http://ees.elsevier.com/neubiorev/download.aspx?id=89811&guid=16625768-132b-4dca-b27a-260e1687aaed&scheme=1
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(Cassavaugh and 

Kramer, 2009) 

M=71.7 ------ 21 Computer training program 2-3 weeks: 8 sessions TG improved RT. 

(Clark et al., 1987) 57-83 NC 14 Pac Man or Donkey Kong 7 weeks: 120 min/week TG improved RT. 

(Drew and Waters, 

1986) 

61-78 AC 13 Atari Crystal Castle 8 weeks: 12x/week TG improved psychomotor speed and 

global cognition. 

(Dustman et al., 1992) 62-71 NC 

AC (Movies) 

60 Breakout, Galaxian Frogger 

Kaboom, PacMan, … 

11 weeks: 3x/week TG improved RT. 

(Goldstein et al., 1997) 72-85 NC 22 SuperTetris 5 weeks: 300 min/week TG improved RT; TG and control 

group also improved executive 

functions with no differences between 

groups. 

(Maillot et al., 2012) 65-75 NC 32 Nintendo Wii 12 weeks TG improved more than NC physical 

function, executive control and 

processing speed but not on 

visuospatial measures. 

       

(McDougall and 

House, 2012) 

M=74 NC 41 Nintendo Brain Training 6 weeks TG improved in Digit Span Test and 

other tests. 

 M=69 AC (Tetris) 28 Brain Age 4 weeks TG improved executive functions and 

processing speed. 

(Peretz et al., 2011) 60-77 AC (Computer games) 121 C. Personal Coach 12 weeks: 3x/week TG and AC improved focused and 

saturated attention, memory 

recognition and mental flexibility. 

(Sosa, 2011) M=74 NC 31 Brain Age 5 weeks: 1/week TG improved syllable, arithmetic and 

Stroop. 



Page 91 of 101

Acc
ep

te
d 

M
an

us
cr

ip
t

(Stern et al., 2011) M=66 NC 

AC 

60 Space Fortress 12 weeks: 36 hours One measure of executive control 

improved in TG. 

(Torres, 2008) 60-86 NC 

AC (Muscle relaxation) 

43 Super Granny, Zoo Keeper, 

Penguin Push, Bricks, 

Memory  

Games 

8 weeks: 1/week TG showed less cognitive decline 

than NC and AC. 

(van Muijden et al., 

2012) 

60-77 AC (Documentary group) 72 Anagram, Falling bricks 7 weeks/ 24.5 hours TG modest support for the potential 

of video game training to improve 

cognitive functions. 

 

Note: Main characteristics of the studies published between 1986 and 2013 included in their meta-analytic study conducted to investigate whether video game training interventions produce positive effects 

in cognition. Adapted from Toril et al. (2014), Psychology and Aging, 29, 706-716. (p. 710). Abbreviations: M = Mean Age; TG = Experimental Group; AC = Active control group; NC = No contact control 

group; UFOV = Useful Field of View; RT = Reaction time; VSWM= visualspatial working memory. 
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Table 3 

Intervention studies including social enhancement activities. 

 

STUDY AGE N SOCIAL ACTIVITY DURATION METODOLOGY SIGNIFICANT FINDINGS 

(Alpert et al., 

2009) 

60+ 13 Jazz dancing 15 sessions Pre/post No impact on cognition or mood control, 

improvement in balance. 

(Butler, 2006) 60+ 33 

pairs 

Peer companionship 12 months Mixed methodology 

Interviews 

Increased independence, reduced anxiety. 

       

(Cohen et al., 

2006) 

60+ 166 Chorale music 12 months Intervention/usual activity TG showed better health, less doctor visits, 

medication use, falls, loneliness, improved 

morale, and trend toward more social activities. 

The NC showed decrease in social activities. 

(Fernández-

Ballesteros et 

al., 2012) 

65 

 

82 Life Long Learning University 3 years curriculum Quasi experimental, pre/post Enrollees maintained their cognitive performance, 

their self-reported health status, level of 

information-seeking and social activities. 

(Hay et al., 

2002) 

60+ Not 

clear 

OT/social group activities/no 

intervention. 

9 months 3-arm RTC A 4.5% OT-differential between OT 

versa/combined groups, also a significant decrease 

in costs of health care. 

(Mountain et 

al., 2014) 

>74 56 Telephone social interaction  6 months RTC with trained volunteers 

delivering intervention  

The study terminated 6 months post 

randomization due to volunteer drop out... 

 

(Nistor et al., 

2013) 

24-85+ 86 Active cognitive training, 

memory, speed processing, with 

booster sessions. 

 Over a 10-year period RTC single blind  60% of TG, versus 50% of controls (p < .05) were 

at or above their baseline level of self-reported 

IADL. The reasoning and speed-of-processing 

were also maintained  

Table(s)

http://ees.elsevier.com/neubiorev/download.aspx?id=89812&guid=a4f172fa-70c3-4d8a-9af8-c061ad9b65dc&scheme=1
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(Thomas et al., 

2012) 

65+ 207 Exercise in groups 

vCoP 

12 months RTC There were no cognitive enhancement 

measurements. The participants accepted the 

vCoP technology to a high degree regardless of 

age or gender. There was higher level of social 

connectivity and exercise adherence in TG. 

 

Abbreviations: Age- year at recruitment M = Mean Age; TG = Experimental Group; AC = Active control group; NC = No contact control group; vCoP = virtual Community of Practice; IADL-Intellectual 

Activities of Daily life, RTC= Randomized Clinical Trial, OT= Occupational Therapy; QALY= quality-adjusted life years.   
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Table 4 

Cohort studies including social enhancement in older adults. 

 

STUDY 
AGE AT 
ENROLLMENT 

N MEASUREMENTS 
LENGTH OF 
OBSERVATION 

SIGNIFICANT FINDINGS 

(Berkman and 

Syme, 1979) 

30-69 6928 Mortality, social index. 

 

 

 

 

 

9 years People who lacked social and community ties were 

more likely to die in the follow-up period than those 

with more extensive contacts. This association remained 

even after adjusting for cumulative index of healthy 

practices. 

(Buchman et al., 

2009) 

 

 

65+ 906 Index score of social 

activities/global motor 

function. 

9 years Each 1-point decrease in social activity was associated 

with about a 33% more rapid rate of decline in motor 

function. 

(Carlson et al., 

2012) 

70-79 436 Enriched 

lifestyles/cognition. 

9.5 years Only female community dwellers were included. 

Participation in variety of lifestyle activities was more 

predictive of risk of dementia and cognitive decline than 

frequency or level of cognitive challenge. 

(DiNapoli et al., 

2014) 

70–94  267 Index social 

activities/cognition. 

2 years Appalachian older adults with social activity decrease 

and perceived social isolation had significantly lower 

global cognitive scores. 

(Eisele et al., 

2012) 

80+ 1869 Perceived social 

support/cognition. 

18 months Perceived social support did not influence cognition and 

mortality over an 18 months period. 

(Fratiglioni et al., 

2000) 

>75 1203  Social index/mortality. 3 years Decrease social index increased the risk of dementia by 

60%.  

(Huxhold et al., 

2014)  

40-85  2830  Social wellbeing. 6 years Middle-aged adults performed more social activities 

than older adults. Informal social activities are 

beneficial for all three aspects of social wellbeing in 

older adults.  

Table(s)

http://ees.elsevier.com/neubiorev/download.aspx?id=89813&guid=3e015185-7f84-4130-bf2e-9503333e0042&scheme=1
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(James et al., 

2011) 

65+ 11138 Index score of social 

activities/ADL/ 

cognition/morbidity. 

 5.1 years 

 

The rate of global cognitive decline was reduced by an 

average of 70% in socially active people, compared to 

infrequently socially active. The risk of ADL related 

disability decreased by 43% for each unit of increase in 

social activity. 

(Litwin, 2010) 60+ 9054 Index of social 

activities/wellbeing. 

2 years Non-Mediterranean respondents participated in more 

social activities, Mediterranean respondents reported 

feeling lonelier, with more depressive symptoms and a 

greater difficulty in making ends meet. Social networks 

are contextually bound.  

 

Litwin et al, 2015 60+ 38,777 Social networks and social 

activity, word recall, and 

subjective measure of self-

perceived memory., and 

quality of life. 

2 years Social network connectedness and the extent of activity 

participation were independently related to better word 

recall. and quality of life. 

Rafninsson et al., 

2015 

50+ 4,116 Social network size and 

frequency. 

6 years Social network size and network contact frequency, 

were positively and independently associated with life 

satisfaction and quality of life. 

 

(Small et al., 

2012) 

65-79 

 

459 Physical, social, cognitive 

activities. 

9 years Participation in everyday leisure activities and cognitive 

performance decline preceded declines in social 

activities. 

(Takagi et al., 

2013) 

65+ 2728  Social activities/cognition/ 

epression. 

3 years Social participation was positively associated with less 

depressive symptoms.  
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(Wang et al., 

2002) 

>75 1375 Social index and cognitive 

function. 

6.5 years The adjusted relative risk for dementia according to 

participation was: for mental activity, 0.70 (95% CI 0.49 

to 1.01) for social activity, 0.67 (95% CI 0.34 to 1.33) 

for physical activity, 0.61 (95% CI 0.40 to 0.93). 

(Zunzunegui et 

al., 2003) 

65+ 1540 Social networks, social 

integration, and social 

engagement, cognitive 

function. 

 4 years Visual contact with relatives and social integration were 

associated with lower degree of cognitive decline. This 

association was stronger in women than men. 

Abbreviations; TG = Experimental Group; AC = Active control group; NC = No contact control group; CI = Confidence Interval. 
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Table 5 

Characteristics of the multi-modal/multicomponent interventions on older adults and main findings of published studies. 

 

STUDY AGE CONTROL N TRAINING PROGRAMME 
DURATION OF 

TRAINING 
SIGNIFICANT FINDINGS 

(Barnes et al., 2013) 

 
M=73.4 AC 126 

 

Cognitive training; Exercise training. 

MA-I group: (Posit Science). 

MA-C group: DVDs of educational 

lectures. The EX-I class: 10 min warm-

up, 30 min aerobic exercise, 5 min cool 

down, 10 min strength training, and 5 min 

stretching & relaxation. 

The EX-C class: 10 min warm-up, 30 min 

stretching & toning, 10 min strength 

training, and 10 min relaxation. 

All groups attended study-

specific group exercise 

classes for 60 min/day, 3 

day/week, 12 weeks. 

Significant improvements in 

global cognition with no 

evidence of differences 

between TG and AC.  

(Franco et al., 2013) 

 

M=75.9 

 
 267 healthy and MCI CT used the Gradior European software. 

PA implemented by the FitForAll 

software.  

156 participants received 1 

hour of physical training 

(FFA) and 35 minutes of 

cognitive training (Gradior), 3 

times a week during 11 

weeks. 

Improvement in global 

cognition, verbal memory, 

processing speed, episodic 

memory and depressive 

symptoms. Increasing aging 

was associated with decreased 

in cognitive improvement. 

Table(s)

http://ees.elsevier.com/neubiorev/download.aspx?id=89814&guid=c890eb30-8293-4079-b56a-05d70f039386&scheme=1
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(Frantzidis et al., 

2014) 

 

Mstudy=70.5 

 

AC 103 CT trained auditory sensory information, 

memory, attention and learning. CT with 

Brain Fitness software (© PositScience, 

USA). 

PT with FitForAll (FFA), an exergaming 

environment based on the Nintendo Wii 

Remote and Balance Board, with 

exercises to enhance body flexibility and 

strength, physical endurance through 

aerobic training 

Means to connect to outside community, 

including family and friends. 

The cognitive programme 

consisted of 6 auditory 

exercises 15 min. each.  1h of 

Cognitive training 1h  3-5 

days per week during 8 

weeks. 

 

TG Increased synchronisation 

across the two hemispheres at 

rest when compared to AC 

(Geda et al., 2012) 70-93 ------ 926 Moderate physical exercise and computer 

training. 

Participants completed self-

reported questionnaires on 

physical exercise, computer 

use, and caloric intake within 

1 year of the date of 

interview. 

Significantly decreased odds 

of having MCI. 

(Li et al., 2014) 60+ AC 45 (26 TG, 19 AC). Multimodal activities including cognitive 

intervention, Tai Chi exercise, and group 

counselling. 

CT consisted of 18 1-h 

sessions over 6 weeks, 

alternating between MT and 

EFT. Tai Chi consisted of 1-h 

sessions 3 times per week for 

6 weeks. Counselling sessions 

of 90-min were held weekly 

for 6 weeks, focusing on three 

different topics: career, 

family, and health. 

Multimodal intervention 

postponed the effects of aging 

and improved the function of 

the regions that are most 

heavily influenced by aging. 
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(Oswald et al., 2006) 75-93 NTC 375 CT plus PT, with a cognitive demanding, 

everyday-oriented psycho-educational 

training as alternative approach to the CT. 

In the combined training, 

each session consisted of 90 

min of cognitive or psycho-

educational training plus 45 

min of physical training. The 

training took place every 

week over 30 sessions. 

Physical and cognitive status 

in CT were preserved at a 

higher level compared to 

baseline, and fewer depressive 

symptoms than the NTC. 

Training effects lasted 5 years 

after baseline. 

(Pieramico et al., 

2012) 

60-75 NC 30, 15 study and 15 

control 
Combination of cognitive training, 

aerobic training and sensorial stimuli. 

6 months program with daily 

cognitive training (rest on 

Sunday) and aerobic training 

and sensorial stimuli 3 times a 

week. 

CT improved 

cognitive/occupational 

performances and reorganized 

functional connectivity and 

showed specific dopamine-

related genotypes. 

(Rahe et al., 2015) 50-85 Data from a 

database of 

31 subjects 

who had 

already been 

trained with 

CT. 

24, 15 available for the 

1-year follow-up 
CPT 90-minute sessions twice 

weekly for 6.5 weeks 

Interaction effect on attention, 

with comparable gains from 

CPT and CT from pre- to 

post-test, but stronger effects 

of CPT at follow-up. Signifi-

cant effects in terms of 

cognitive state, letter verbal 

fluency and immediate and 

delayed verbal memory. 
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(Shatil, 2013) M=76.8 AC 180 Four-group design - CT, PA, CbT, and 

book reading and discussion control 

group. 

CT with CogniFit; first 20 

min spent training on 

combinations of three of the 

21 tasks available; remaining 

20 min used on any three 

tasks of their own choice 

among the 21 tasks. 

PA with Fitness Forever™ 

Senior Exercise Video; 3 

weekly 45 min sessions, 

during 16 weeks. 

Participants in the CbT 

undergo both the CT and the 

PA training. 

CT (separately or combined) 

improved memory, processing 

speed, eye-hand coordination, 

naming, and visuospatial 

processing. No improvements 

in the groups that did not 

engage in CT, with the 

differences and improvements 

holding true between groups 

and within groups. 

(Theill et al., 2013) 65-84 

M=71.8 

 

NC 63 Three-group design: ST, WM training, no 

training. Simultaneous training of CT and 

PT: the participants walked at their normal, 

self-selected speed over a distance of 20 

meters, with a turning point at a cone after 

10 meters; under dual task condition, the 

participants performed a WM task at the 

same time, by counting backwards in steps 

of seven, beginning alternately with either 

501, 502, or 503. 

The trained groups attended 

to 20 training sessions  

Larger improvements in executive 

control for both training groups. ST 

resulted in larger improvements 

compared to the single cognitive 

training in the paired-associates 

task and reduce the step-to-step 

variability in the motor-cognitive 

dual task when compared to the 

single CT and NC control groups. 

 

Abbreviations: M = Mean Age; TG = Trained Group; AC = Active Control Group; NTC = No-Treatment Control Group; NC = No contact control; WM = Working Memory; MCI = Mild Cognitive Impaired older 

adult; RCT = Randomised Controlled Trial; ST = Simultaneous Training; MT = Working Memory Training; EFT = Executive Function Training; PA = Physical Activity; CT = Cognitive Training; MA-I = Mental 

Activity - Intervention; MA – C = Mental Activity – Control; CbT = Combined Cognitive-Physical Activity Intervention; CPT = Cognitive Training with additional Physical activity. 

 



Page 101 of 101

Acc
ep

te
d 

M
an

us
cr

ip
t

Figure

http://ees.elsevier.com/neubiorev/download.aspx?id=89815&guid=b6c1f027-a5da-493b-878a-e33c80cae1ec&scheme=1



