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Abstract

In recent years, cognitive difficulties associated with normal aging and dementia have been receiving increased attention from both public and scientific communities. With an increase in overall lifespan, promoting healthy cognition has become a priority and a necessity for minimizing and preventing individual and societal burdens associated with cognitive dysfunctions in the elderly. The general awareness concerning the efficacy of preventive (e.g., lifestyles) and palliative treatment strategies of cognitive impairments, related to either healthy or unhealthy trajectories in cognitive aging, is continuously rising. There are several therapeutic strategies which can be broadly classified as either pharmacological or non-pharmacological/psychosocial. In face of the modest evidence for success of pharmacological treatments, especially for dementia related impairments, psychosocial interventions are progressively considered as a complementary treatment. Despite the relative spread of psychosocial interventions in clinical settings, research in this area is rather scarce with evidence for success of these therapies remaining controversial. In this work we provide an evidence based perspective on cognitive intervention(s) for healthy aging, pre-dementia (mild cognitive impairment), and dementia populations. Current evidence and future directions for improving cognitive functions in the elderly are discussed as well. 
( 2013 Baishideng. All rights reserved.
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Core tip: Cognitive intervention may provide a viable option for improving cognition in healthy aging, as well as in mild cognitive impairment and dementia. Although current evidence regarding the efficacy of cognitive intervention is modest, therapeutic strategies for mitigating the effects of aging on cognitive decline and early stage dementia, should be integrated into mainstream clinical practice. 
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DEMENTIA – DEFINITION, DIAGNOSIS, EPIDEMIOLOGY

Dementia can be defined as a decline in cognition and/or behavioral impairment coupled with progressive deterioration of daily functionality which cannot be explained in terms of delirium or major psychiatric disorders[1].

The worldwide prevalence of dementia for individuals who are 60 years and older is estimated to be between 5%-7% in most regions of the world[2] with estimated worldwide costs of US $604 billion (in 2010), the majority of which (70%) incurred in western Europe and North America[3]. Moreover, dementia’s contribution (11.2%) to the years lived with disability (YLD) in people aged 60 years and over is higher than that of stroke, cardiovascular disease or cancer[4]. Dementia presents a considerable burden both at the micro (individual/patient, family, formal and informal caregivers) and macro levels (societal, governmental).

While several etiologies can lead to dementia, Alzheimer’s disease accounts for around 60% of all cases, and consequently is considered the leading cause of dementia[5]. Besides disabling behavioral and motor disturbances, cognitive dysfunctions are considered to be a major source of difficulties for patients, caregivers and practitioners. Moreover, cognitive impairments are not only observed in early stages of AD but also in a number of other dysfunctions such as vascular dementia, frontotemporal dementia (FTD) and even Parkinson disease (PD).

Currently, options for treating dementia include pharmacological and non-pharmacological therapies. At present, pharmacological treatments provide viable but rather modest symptom control[6,7]. Also, disease-modifying therapies are currently under clinical testing (e.g., vaccination, passive immunization for Alzheimer's disease; for a review please refer to Galimberti and Scarpini[8]) or in preclinical phases (e.g., compounds aiming to interfere with tau[9] or synuclein[10] deposition in tauopathies and synucleinopathies, respectively).

Non-pharmacological approaches have also been used to manage behavioral problems and compensate for cognitive impairments. However, evidence of their effectiveness and use remain scarce and controversial. In the following sections, we aim to provide a balanced evidence-based perspective of cognitive intervention (CI) approaches to cognitive impairments in elderly populations with no cognitive pathology as well as with pathological cognitive decline. 
COGNITIVE INTERVENTION FOR DEMENTIA – FROM HEALTHY TO PATHOLOGICAL TRAJECTORIES OF COGNITIVE AGING

Conceptual framework/background

The conceptual framework introduced by Clare et al[11] will be adopted in this review. The framework consists of 3 main approaches in cognitive intervention: cognitive training (computer-based or paper-and-pencil cognitive exercises); cognitive stimulation (cognitive and social group activities); and cognitive rehabilitation (individualized interventions addressing patients’ key difficulties and goals).

Cognitive training delivered in individual or a group format focuses on specific cognitive functions. Health professionals deliver paper-and-pencil as well as computer-based exercises with different difficulty levels (additionally, if not stressful to the patient, caregivers might participate in the intervention sessions or assist with exercise delivery at home). Traditionally, in older adults this intervention mostly focuses on memory training, but it can also target or include other cognitive functions aiming primarily at improving the trained functions/skills and/or learning compensatory techniques and secondary generalized gains to other tasks as well as to daily life. While there is some evidence for cognitive improvements resulting from training cognitive functions in all populations (i.e., healthy adults[12], pre-dementia[13], and mild-to-moderate dementia[14]), generalization of effects is not yet evident[15].

Cognitive stimulation, instead, adopts a more global and contextualized perspective on cognitive functioning, and assumes that cognitive functions work together and should be stimulated accordingly in a social setting. There is some evidence that this approach can benefit cognitive functioning in dementia patients[16]. However it is not yet clear whether the observed effects are due to cognitive or social components, since both are integral parts of cognitive stimulation.

Cognitive rehabilitation aims to identify and work on personally relevant difficulties and goals. These difficulties may include memory or performance in daily tasks. For this method, a holistic approach is adopted with health professionals working with the patient as well as a family member or caregiver if needed. Although there are only few studies investigating age related cognitive impairment with the holistic approach, there is initial evidence that people in fact do benefit from cognitive rehabilitation[17].

It is noteworthy that traditionally not only these non-pharmacological cognitive approaches have been explored as a complementary therapeutic approach to medication[18], but also other non-pharmacological multicomponent approaches such as combining different cognitive interventions (e.g., cognitive stimulation plus computer-based cognitive training[19]), physical exercise and cognitive training[20], and more recently transcranial magnetic stimulation with cognitive training[21] have been employed as well.

A selective narrative review was performed while recurring to representative articles, which were identified by authors and complemented with literature searches in PubMed/MEDLINE and ScienceDirect. Searches were performed for reviews (from which relevant references were extracted also) and trials of non-pharmacological cognitive interventions in healthy aging as well as several types of dementia. In our search, we used the expression "cognitive intervention" and related terms (i.e., cognitive stimulation/training/remediation/rehabilitation) which were combined with terms aging, mild cognitive impairment, Alzheimer’s disease, vascular dementia, PD, FTD, and Lewy body dementia. Relevant articles were selected following abstract inspections.

Healthy aging

Cognitive functioning and aging: A large number of scientists believe that aging does not have to encompass severe loss of memory or prevent healthy functioning. Many have spent their devoted life-long efforts on trying to understand how cognitive functioning changes across the human developmental span. A still popular theory, proposed nearly 30 years ago, assumes that the origin of differences between young and aged healthy humans lies in the speed of processing[22]. Indeed, reduced speed of processing could compromise many cognitive processes, such as overall memory and in particular working memory which is commonly found to be affected with increasing age[23]. Regardless of the origins of age-related cognitive decline, it is important to outline some of these specific age dependent changes. Besides memory and attention, language, and components of executive functioning may also be compromised with increasing age[24]. Deficits in perception are also reported but these could simply be due to functional decline of sensory organs.
Often times it is rather difficult to disentangle whether a certain patient’s complaint is part of a specific underlying disease process or if it is merely an age-normative complaint. Therefore, neuropsychological assessments are utilized as useful tools in assisting with diagnosis of disorders that imply cognitive impairment[25] and help with distinguishing a subjective complaint from cognitive dysfunction.

Cognitive Intervention in healthy elderly: To overcome age-related cognitive decline several non-pharmacological approaches[26] have been developed. Exercise, for example, has been extensively studied with current evidence suggesting benefits for cognitive functioning and the promotion of functional mobility in healthy aging[27,28]. Moreover, to explore the hypothetical additive or synergistic effects of several interventions, exercise has been combined with other techniques. Up until now, findings suggest that interventions targeting multiple domains may be more effective than those that treat each domain independently[29]. These researchers believe that cognitive training should be offered in conjunction with physical activity[30] since findings point to greater effects of combined approaches than either intervention alone[29,31]. For instance, in a 4-month RCT, the combined training group (physical and cognitive) showed improvements in cognitive speed both immediately and at three months after intervention[20]. Notwithstanding these findings, the present work will strictly focus on evidence of various cognitive interventions.

Cognitive training has been extensively studied in healthy elderly individuals[12,32,33]. To quote Martin and colleagues[34], cognitive training is “an intervention providing structured practice on tasks relevant to aspects of cognitive functioning, using standardized tasks” and “intended to address cognitive function and/or cognitive impairment directly”. Building on these works, Gates and Valenzuela[32] have stated that cognitive training implies repeated practice and use of standardized tasks that target specific cognitive domains. Similarly, cognitive training teaches theoretically-driven strategies and skills aiming to improve cognitive functioning[35]. In order to determine if this approach is effective for healthy elderly, we briefly review current evidence from the literature. 

In the ACTIVE study (Advanced Cognitive Training for Independent and Vital Elderly) large-scale RCTs were conducted to compare training in different cognitive domains[12]. They studied the effects of memory, reasoning, and speed-of-processing training while comparing these groups with no-training controls. When compared to baseline assessment, each of these interventions improved the cognitive domain of interest with sustained improvements visible at a 2-year post-intervention follow-up[12]. Furthermore, five years after training, it was observed that the groups with reasoning and memory training still maintained improvements in the targeted cognitive abilities[36].

Another example of this line of research includes reading aloud and solving simple arithmetic calculations, such as the one in an ongoing trial study by Nouchi and colleagues[37].

Due to limited evidence of transfer effects of this training approach to everyday life functions, some have adopted a multimodal strategy[36]. Typically, these approaches involve lifestyle changes and social interactions. Quite different from standard cognitive training, multimodal programs engage older adults in “enjoyable or socially meaningful” activities. The underlying assumption is that this approach would increase the possibility of older adults maintaining their activity and skill levels even long after completing an intervention[36] (for an example of this approach see Tranter and Koutstaal[38]).

Several review studies have summarized the evidence in favor of cognitive intervention. A review paper from Tardif and Simard[39] states that cognitive intervention can result in improvements in at least one outcome in each of the studies they have analyzed. In a more recent systematic review[40], authors gathered evidence from thirty-five studies (most of them RTCs). Despite the diversity among employed interventions as well as methodological differences, their review presented evidence stating that cognitive training can be beneficial in improving several domains of cognitive functioning namely attention, memory, speed of processing and executive functioning. In a different review[41] with clinical trials comparing the effects of cognitive interventions between older adults and a wait-and-see control group, the authors found a strong effect size. The longitudinal RCTs included in this review presented relative effect sizes pointing to protective effects of cognitive intervention. When authors computed these values for meta-analysis they found an integrated effect size estimated to be 1.07 (95%CI: 0.32-1.83; z = 2.78; n = 7; P = 0.006). Furthermore, the same review also noted that the effects of RCTs were maintained even at longer follow-up intervals. The authors conclude that cognitive intervention in healthy older adults “produces strong and persistent protective effects on longitudinal neuropsychological performance” which might play a role in preventing the development of dementia[41]. Hence, there is some evidence that cognitive intervention can boost cognitive functioning in healthy older adults.

Even though the debate over the generalization of the effects of cognitive intervention to everyday life activities remains to be fully addressed[40], some have found evidence in support of this contention. For instance, improvements in cognitive outcomes were evident after cognitive interventions were accompanied by more favorable scores of self-reported Instrumental Activities of Daily Living[42] and the Useful Field of View test.  These benefits lasted for at least 2 years and were reflected in everyday activities including in safer driving performance[43].

Research has shown that adult brains preserve mechanisms that permit flexible change, such as neurogenesis and functional recruitment of neurons in the presence of a lesion[44]. Whether older human brains have these capabilities or not, needs to be further explored to potentiate successful aging while preventing cognitive decline. One such strategy involves training and exposure to novelty, which has been associated with human cortical reorganization and grey matter volumetric changes (e.g., changes in hippocampus[45]; for a review see Greenwood and Parasuraman[44]). Even short but yet intensive memory training, using for example the Method of Loci, yielded regional increases in cortical thickness (right fusiform and lateral orbitofrontal cortex), which were positively correlated with improvements in memory performance outcomes[46].

Mild cognitive impairment/pre-dementia

The "mild cognitive impairment" (MCI) concept has been traditionally most closely related to AD with the amnestic variant of MCI being the most common in patients progressing to a diagnosis of dementia of the Alzheimer type. However, current guidelines[47] explicitly include non-amnestic presentations in MCI (e.g., executive functioning, attention, language, and visuospatial skills; either with single or multi-domain deficits), whether due to AD or other etiologies. The National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease[47] refer to the following core criteria as features of MCI: evident change in cognition from a previous level of cognitive functioning; cognitive impairment in one or more domains (1 to 1.5 standard deviations below the mean for age and education matched peers); autonomously daily life functioning; no dementia. Biomarkers are also currently available (e.g., cerebrospinal fluid amyloid and tau, structural and functional imaging, etc.) for aiding in the differentiation of MCI due to AD or due to other causes (pseudodementia or other dementias)[47]. 

In order to ameliorate or reverse cognitive deficits characteristic of MCI and/or to prevent its progression to an overt stage of dementia, new cognitive interventions have been steadily developing. Currently, there is positive evidence from individual studies, such as described by Belleville et al[13] displaying improvements in memory after an episodic memory training program of 120 min per session for 6 weekly sessions (4-5 participants per group) focusing on mnemonic techniques. The latter mentioned training included psychoeducational information regarding memory and ageing, and also memory techniques promoting encoding and retrieval (i.e. imagery, the method of loci, face-name associations, hierarchical organization and semantic organization techniques), delivered by trained neuropsychologists.

In another randomized controlled trial study with amnestic mild cognitive impairment patients and family partners, Kinsella et al[48] found beneficial effects after a 5 wk intervention training program in everyday memory, namely in prospective memory performance, use of memory strategies, as well as in patient and family knowledge of memory strategies.

In a study of a 6-mo long cognitive intervention program that included a comparison with a late active control group (receiving intervention after 8-mo), Buschert et al[49] found a stable intervention effect on the primary outcome Alzheimer Disease Assessment Scale - Cognitive subscale (ADAS-Cog) in the early-intervention group. Additionally, only the later-intervention group participants (6 out of 12) progressed into Alzheimer's disease during an entire 28 month period of the study.

A recent systematic review concerning cognitive intervention in amnestic MCI individuals[50], pointed out that evidence of improvements in neuropsychological measures after cognitive intervention is in fact limited. However, the authors did state that patients were able to learn as well as benefit from memory strategies.

Moreover, aside from efficacy, feasibility parameters have rarely been evaluated, although there is evidence of cognitive intervention being well received while meeting the needs of MCI patients[51]. Considering the fact that the latter opinion is from the patient’s perspective (i.e., whether their needs are being met) it should be regarded as an important future area of research that has thus far received little attention. MCI patients similarly show improved subjective perception of memory capacity after cognitive intervention[52].

Recently, neuroimaging has also been incorporated as an outcome measure assessing potential brain changes related to cognitive intervention. Clare et al[53] provide evidence from a case report where a patient with MCI underwent a cognitive rehabilitation program showing post-treatment reduction in activation of areas such as fusiform gyrus and increased activation in prefrontal areas as well as the temporal–parietal junction. Furthermore, when using verbal encoding and retrieval tasks, Belleville et al[13] report increased post-intervention activation in MCI patients' large fronto-temporo-parietal network, while at the same time healthy controls show decreased activation. Interestingly, the authors note the activation of specialized areas (already activated in pre-intervention) and "new" alternative areas, which we could interpret both as restorative or compensatory processes resulting from cognitive intervention. However, despite the observed changes, only right inferior parietal lobule activation correlated with performance.

Dementia

Alzheimer's disease: As Alzheimer's disease is the most prevalent cause of dementia, and since research on cognitive intervention is comparatively abundant for this cause of dementia, the present section will largely focus on AD. Moreover, cognitive deficits are one of the key features of AD dementia and are a relevant target for pharmacological as well as non-pharmacological therapies. While memory deficits have been traditionally considered the hallmark of Alzheimer's disease, it is now widely accepted that other deficits are present even during early stages[54]; with AD pathology often leading to quite different symptomatic presentations such as prominent language or visual deficits[1,55]. Due to the progressive and unstoppable nature of Alzheimer's disease, interventions complementing pharmacological treatments have also been developing worldwide. One of these psychosocial approaches is cognitive intervention. In 1982 Brinkman et al[56] conducted one of the first trials of cognitive training in Alzheimer patients. In this lecithin trial study, using a double-blind crossover, patients received memory training in addition to the lecithin condition, and "placebo training" during the placebo drug condition. Follow-up trials suggested that memory training may have led to small immediate improvements in list-learning ability. More recently, Tárraga et al[ [57] conducted a randomized controlled trial with 3 arms, comparing standard treatment (stable treatment with cholinesterase inhibitors) vs psycho-stimulation vs. combined psycho-stimulation and internet-based cognitive training. The authors found that both cognitive intervention programs lead to improvements in ADAS-Cog and Mini Mental State Examination (MMSE) after 12 wk of intervention, which were maintained at 24 wk post-intervention. Also, Clare et al[17] conducted a cognitive rehabilitation trial for people with AD or mixed AD and vascular dementia, comparing an 8 weekly individual cognitive rehabilitation session program vs. relaxation program vs no treatment (all participants were receiving a stable dose of acetylcholinesterase inhibitors). The individual cognitive rehabilitation program consisted of eight weekly 1-h sessions tackling personal relevant goals and including cognitive exercises such as learning (e.g., face-name learning), attention as well as concentration maintaining techniques. In the end, the cognitive rehabilitation group did in fact display improvements in goal performance and satisfaction. A subgroup of patients in this study also performed pre and post-intervention functional Magnetic Resonance Imaging face-name association task, exhibiting increased brain activity at the right fusiform face area, right parahippocampal cortex, right temporal parietal junction, and right medial prefrontal cortex. The authors interpreted these changes as being related to deeper encoding of faces and functional restoration of this face-name association learning network.
Despite these promising findings and the steady increase of research in this area (Figure 1), a recent systematic review[58] states the need for additional well-controlled and high-quality trials. Despite the limited amount of evidence, the aforementioned review suggests that cognitive intervention for AD might lead to improvements in global cognitive functioning (i.e., 0.83 points in MMSE, as estimated). Moreover, high rates of completion and adherence to the intervention procedures were observed which point to the feasibility of this approach for AD patients (and caregivers) and health professionals. Interestingly, when examining costs associated with treatment, we found preliminary evidence in support of cost-effectiveness of cognitive interventions in dementia. Importantly, we should note that over a 4-mo period, a 1-point decline in the MMSE is estimated to add £56 (£74.74 as of 2011) to direct health and social care costs)[59]. 

Although cognitive interventions in non-AD dementias are comparatively scarce, some of these studies will nonetheless be reviewed in the following sections.

Vascular dementia: Being the second cause of dementia and accounting for about 30% of dementia cases[60], Vascular Dementia is the center of a considerable amount of research that includes its characterization and etiopathology. Still, there are only a few trial studies that are directed at investigations of the efficacy of cognitive intervention for this type of dementia. One of these studies[61] has specifically investigated the possible role of cognitive intervention in vascular dementia. The authors addressed this issue in a patient with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy and found post-intervention improvements in processing speed as well as executive functioning and functionality. Nonetheless, given potentially conflicting findings, more detailed and comprehensive evidence concerning the efficacy of cognitive intervention in this area is warranted. For example, although a recent systematic review[62], including both vascular dementia and Alzheimer's disease, reported no effect of cognitive training, a cognitive rehabilitation trial, including people diagnosed with AD, mixed AD or vascular dementia[17], found improvements in goal performance and satisfaction.
PD: Although cognitive intervention research in PD is scarce, a cognitive remediation study[63] for attention skills with non-demented PD patients showed this type of intervention to be feasible and well accepted by patients. Another cognitive-motor intervention (including computer-based cognitive training) study with early stage non-demented PD patients[64] found verbal fluency, memory (logic memory) and reasoning (Raven's matrices) improvements.
In addition, a neuroimaging study[65] of a 6 mo daily cognitive training program found post-intervention improved performance in reaction time and hit rate in a fMRI modified Stroop task. The authors also observed a reduction in cortical activation when making comparisons with untrained patients.

FTD: To the best of our knowledge, despite cognitive intervention being considered a therapeutic option for FTD[66], such intervention trials in FTD are almost nonexistent. However, a speech therapy pilot trial, for Primary Progressive Aphasia, showed beneficial effects in language performance and naming skills[67], providing preliminary evidence that additional studies in this area are warranted.
Other types of dementia: So far, research on cognitive intervention has not focused on other types of dementias, such as Lewy bodies’, for which we found no studies during our literature search.
One should consider the sensorial or perceptive (cortical) disruption and severe behavioral disturbances that make the implementation of cognitive intervention approaches in some of these dementia patients difficult (e.g., FTD) which somewhat explains the scarcity of practice and research in some of these types of dementia.

CONCLUSION

General conclusion and future directions

In the present manuscript, we narratively reviewed the current state of cognitive intervention approaches for healthy aging, pre-dementia, and different types of dementia.

Taken as a whole, studies show evidence for small but consistent effects of cognitive intervention in improving cognition in both healthy and unhealthy populations of aging adults. Preliminary studies also point to the feasibility, adequacy, patient involvement, and cost-effectiveness of these approaches.

Although research on aging and dementia in general is a dynamic and a rapidly changing field[68], the cognitive intervention sub-field of this research is still in its infancy and in spite of the growing evidence of its effectiveness, is still lacking recognition among health professionals as well as caregivers. With disease-modifying therapies still in preclinical or clinical trial stages, research in this field warrants a well deserved attention. While we hope for the development and assessment of new pharmacological therapies for cognitive deficits[69], the positive role of non-pharmacological approaches should be considered more carefully, both in research and in practice.

To establish high quality evidence-based standard practices in the field, research on various cognitive intervention approaches needs to increase considerably. In this regard, the following systematic steps may be considered: (1) Expert meetings should provide a comprehensive perspective ranging from healthy to impaired cognitive aging and allow standardization of methods of practice and research (e.g., defining whether or not, if and when, Randomized Controlled Trials should be the gold standard for cognitive intervention research, and establishing what constitutes a clinically significant change for a dementia patient); (2) Affirmation of the importance of multidisciplinary clinician/practitioner-researcher roles in the field of cognitive intervention, as facilitators of advances in the field by rapid translation between research and practice and vice-versa; (3) Establishment of the optimal (the most efficacious and most cost-effective) intervention parameters such as frequency (i.e. which is the most cost-effective number of sessions per week and per month?), duration (i.e. which is the optimal session duration and program duration taking into account patient fatigue, costs and benefits?), and intensity (which is the optimal level of difficulty? What are the effects of different interval schedules?), which are still unclear, and in need of systematic evaluation by researchers. (4) Clarification of what constitutes an "active substance" in cognitive intervention, and identification of global vs. specific effects. For example, CI might exert its effects through tackling cognitive deficits related to brain dysfunction (e.g., hippocampal atrophy), or it might improve overall activity and arousal levels; (5) Exploring the existence of secondary negative effects for each type of dementia, such as fatigue, depression, frustration, "burnout"/overtraining which could hypothetically lead to faster progression of cognitive decline; (6) Standardization of outcome protocols taking into account different types and stages of dementia, including neuropsychological, non-cognitive (e.g., quality of life, subjective experience), and neuroimaging measures. Clarification of the relation between cognitive, experiential and neuroimaging outcomes is also needed. For example, should we focus on cognition or on experiential components of the intervention? What is the meaning of brain activation changes? - Is it a possible restoration of function?[70] Are neurophysiological markers more sensitive than behavioral ones? Can and should biomarkers (e.g. CSF) be incorporated as an outcome measure? (7) Although, there is some evidence for the immediate effects of CI in healthy and impaired cognitive aging, long-term effects and a possible preventive or protective role[41] of systematic cognitive intervention needs to be thoroughly assessed (either in the progression from healthy aging to MCI, or from MCI to different types of dementia). Can it delay or slow disease progression? Can it delay or prevent dementia for people with genetic risks? These are critical issues since efficacious preventive interventions might considerably lower the incidence of dementia[2] with positive repercussions for individuals, and a reduced burden on society; (8) Focus on macro-issues (e.g., systemic, organizational and societal issues); allowing one to assess and modify the variables hindering the adoption and implementation of cognitive intervention by different professionals and in different settings (e.g., hospital, health centers, clinics); (9)Awareness of the comparative relevance, importance, efficacy and cost-effectiveness of new technologies (vs traditional approaches) not only as a mean of intervention delivery but also for an interaction between professionals, scientists and the public (see for example, the International Non-pharmacological Therapies Project (INPTP) - http://nptherapies.org/). New technologies not only can facilitate the delivery of interventions but may also help in scientific research, allowing maximization of resources and sharing of ideas/protocols, as well as dividing tasks in an organized way. For example, it may facilitate the concerted, effective, and timely translation of neuropsychological instruments into several languages.

In summary, we hope that tackling the aforementioned issues will allow the field of cognitive intervention to move into an evidence-based and patient-centered multidisciplinary personalized approach. However, before this goal is accomplished there is a need for additional evidence concerning the efficacy of these approaches for each type of dementia and each of its deterioration stages. This information may then be implemented based on individual patterns of dysfunction. Attaining this goal would positively impact cognitive functioning of healthy and impaired elderly and mitigate individual and societal impact of cognitive decline.

REFERENCES
	1 McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR, Kawas CH, Klunk WE, Koroshetz WJ, Manly JJ, Mayeux R, Mohs RC, Morris JC, Rossor MN, Scheltens P, Carrillo MC, Thies B, Weintraub S, Phelps CH. The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 2011; 7: 263-269 [PMID: 21514250 DOI: 10.1016/j.jalz.2011.03.005]

2 Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP. The global prevalence of dementia: a systematic review and metaanalysis. Alzheimers Dement 2013; 9: 63-75.e2 [PMID: 23305823 DOI: 10.1016/j.jalz.2012.11.007]

3 Wimo A, Jönsson L, Bond J, Prince M, Winblad B. The worldwide economic impact of dementia 2010. Alzheimers Dement 2013; 9: 1-11.e3 [PMID: 23305821 DOI: 10.1016/j.jalz.2012.11.006]

4 Park JH, Eum JH, Bold B, Cheong HK. Burden of disease due to dementia in the elderly population of Korea: present and future. BMC Public Health 2013; 13: 293 [PMID: 23552095 DOI: 10.1186/1471-2458-13-293]

5 Thies W, Bleiler L. 2011 Alzheimer's disease facts and figures. Alzheimers Dement 2011; 7: 208-244 [PMID: 21414557 DOI: 10.1016/j.jalz.2011.02.004]

6 Olin J, Schneider L. Galantamine for Alzheimer's disease. Cochrane Database Syst Rev 2002; (3): CD001747 [PMID: 12137632 DOI: 10.1002/14651858.CD001747]

7 Howard R, McShane R, Lindesay J, Ritchie C, Baldwin A, Barber R, Burns A, Dening T, Findlay D, Holmes C, Hughes A, Jacoby R, Jones R, Jones R, McKeith I, Macharouthu A, O'Brien J, Passmore P, Sheehan B, Juszczak E, Katona C, Hills R, Knapp M, Ballard C, Brown R, Banerjee S, Onions C, Griffin M, Adams J, Gray R, Johnson T, Bentham P, Phillips P. Donepezil and memantine for moderate-to-severe Alzheimer's disease. N Engl J Med 2012; 366: 893-903 [PMID: 22397651 DOI: 10.1056/NEJMoa1106668]

8 Galimberti D, Scarpini E. Progress in Alzheimer's disease. J Neurol 2012; 259: 201-211 [PMID: 21706152 DOI: 10.1007/s00415-011-6145-3]

9 Yiannopoulou KG, Papageorgiou SG. Current and future treatments for Alzheimer's disease. Ther Adv Neurol Disord 2013; 6: 19-33 [PMID: 23277790 DOI: 10.1177/1756285612461679]

10 Bae EJ, Lee HJ, Rockenstein E, Ho DH, Park EB, Yang NY, Desplats P, Masliah E, Lee SJ. Antibody-aided clearance of extracellular α-synuclein prevents cell-to-cell aggregate transmission. J Neurosci 2012; 32: 13454-13469 [PMID: 23015436 DOI: 10.1523/JNEUROSCI.1292-12.2012]

11 Clare LW, Woods RT. Cognitive training and cognitive rehabilitation for people with early-stage Alzheimer’s disease: a review. Neuropsychol Rehabil 2004; 14: 385–340

12 Ball K, Berch DB, Helmers KF, Jobe JB, Leveck MD, Marsiske M, Morris JN, Rebok GW, Smith DM, Tennstedt SL, Unverzagt FW, Willis SL. Effects of cognitive training interventions with older adults: a randomized controlled trial. JAMA 2002; 288: 2271-2281 [PMID: 12425704]

13 Belleville S, Clément F, Mellah S, Gilbert B, Fontaine F, Gauthier S. Training-related brain plasticity in subjects at risk of developing Alzheimer's disease. Brain 2011; 134: 1623-1634 [PMID: 21427462 DOI: 10.1093/brain/awr037]

14 Davis RN, Massman PJ, Doody RS. Cognitive intervention in Alzheimer disease: a randomized placebo-controlled study. Alzheimer Dis Assoc Disord 2001; 15: 1-9 [PMID: 11236819]

15 Owen AM, Hampshire A, Grahn JA, Stenton R, Dajani S, Burns AS, Howard RJ, Ballard CG. Putting brain training to the test. Nature 2010; 465: 775-778 [PMID: 20407435 DOI: 10.1038/nature09042]

16 Spector A, Thorgrimsen L, Woods B, Royan L, Davies S, Butterworth M, Orrell M. Efficacy of an evidence-based cognitive stimulation therapy programme for people with dementia: randomised controlled trial. Br J Psychiatry 2003; 183: 248-254 [PMID: 12948999]

17 Clare L, Linden DE, Woods RT, Whitaker R, Evans SJ, Parkinson CH, van Paasschen J, Nelis SM, Hoare Z, Yuen KS, Rugg MD. Goal-oriented cognitive rehabilitation for people with early-stage Alzheimer disease: a single-blind randomized controlled trial of clinical efficacy. Am J Geriatr Psychiatry 2010; 18: 928-939 [PMID: 20808145 DOI: 10.1097/JGP.0b013e3181d5792a]

18 Matsuda O, Shido E, Hashikai A, Shibuya H, Kouno M, Hara C, Saito M. Short-term effect of combined drug therapy and cognitive stimulation therapy on the cognitive function of Alzheimer's disease. Psychogeriatrics 2010; 10: 167-172 [PMID: 21159050 DOI: 10.1111/j.1479-8301.2010.00335.x]

19 Raggi A, Iannaccone S, Marcone A, Ginex V, Ortelli P, Nonis A, Giusti MC, Cappa SF. The effects of a comprehensive rehabilitation program of Alzheimer's Disease in a hospital setting. Behav Neurol 2007; 18: 1-6 [PMID: 17297213]

20 Linde K, Alfermann D. Single Versus Combined Cognitive and Physical Activity Effects on Fluid Cognitive Abilities of Healthy Older Adults: A 4-Month Randomized Controlled Trial With Follow-Up. J Aging Phys Act 2013; [Epub ahead of print] [PMID: 23881448]

21 Bentwich J, Dobronevsky E, Aichenbaum S, Shorer R, Peretz R, Khaigrekht M, Marton RG, Rabey JM. Beneficial effect of repetitive transcranial magnetic stimulation combined with cognitive training for the treatment of Alzheimer's disease: a proof of concept study. J Neural Transm 2011; 118: 463-471 [PMID: 21246222 DOI: 10.1007/s00702-010-0578-1]

22 Salthouse TA. A theory of cognitive aging. Amsterdam: North-Holland, 1985

23 Salthouse TB, Babcock RL. Decomposing Adult Age Differences in Working Memory. Dev Psychopathol 1991; 27: 763-776

24 Glisky EL. Changes in Cognitive Function. In: Riddle DR, editor. Human Aging in Brain Aging: Models, Methods, and Mechanisms. Boca Raton (FL): CRC Press, 2007

25 Woodford HJ, George J. Cognitive assessment in the elderly: a review of clinical methods. QJM 2007; 100: 469-484 [PMID: 17566006 DOI: 10.1093/qjmed/hcm051]

26 Yamaguchi H, Maki Y, Yamagami T. Overview of non-pharmacological intervention for dementia and principles of brain-activating rehabilitation. Psychogeriatrics 2010; 10: 206-213 [PMID: 21159057 DOI: 10.1111/j.1479-8301.2010.00323.x]

27 Colcombe S, Kramer AF. Fitness effects on the cognitive function of older adults: a meta-analytic study. Psychol Sci 2003; 14: 125-130 [PMID: 12661673]

28 Forte R, Boreham CA, Leite JC, De Vito G, Brennan L, Gibney ER, Pesce C. Enhancing cognitive functioning in the elderly: multicomponent vs resistance training. Clin Interv Aging 2013; 8: 19-27 [PMID: 23341738 DOI: 10.2147/CIA.S36514]

29 Schneider N, Yvon C. A review of multidomain interventions to support healthy cognitive ageing. J Nutr Health Aging 2013; 17: 252-257 [PMID: 23459978 DOI: 10.1007/s12603-012-0402-8]

30 Kraft E. Cognitive function, physical activity, and aging: possible biological links and implications for multimodal interventions. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn 2012; 19: 248-263 [PMID: 22313174 DOI: 10.1080/13825585.2011.645010]

31 Fabre C, Chamari K, Mucci P, Massé-Biron J, Préfaut C. Improvement of cognitive function by mental and/or individualized aerobic training in healthy elderly subjects. Int J Sports Med 2002; 23: 415-421 [PMID: 12215960 DOI: 10.1055/s-2002-33735]

32 Gates N, Valenzuela M. Cognitive exercise and its role in cognitive function in older adults. Curr Psychiatry Rep 2010; 12: 20-27 [PMID: 20425306 DOI: 10.1007/s11920-009-0085-y]

33 Willis SL, Schaie KW. Cognitive training and plasticity: theoretical perspective and methodological consequences. Restor Neurol Neurosci 2009; 27: 375-389 [PMID: 19847065 DOI: 10.3233/RNN-2009-0527]

34 Martin M, Clare L, Altgassen AM, Cameron MH, Zehnder F. Cognition-based interventions for healthy older people and people with mild cognitive impairment. Cochrane Database Syst Rev 2011; (1): CD006220 [PMID: 21249675 DOI: 10.1002/14651858.CD006220.pub2]

35 Papp KV, Walsh SJ, Snyder PJ. Immediate and delayed effects of cognitive interventions in healthy elderly: a review of current literature and future directions. Alzheimers Dement 2009; 5: 50-60 [PMID: 19118809 DOI: 10.1016/j.jalz.2008.10.008]

36 Lustig C, Shah P, Seidler R, Reuter-Lorenz PA. Aging, training, and the brain: a review and future directions. Neuropsychol Rev 2009; 19: 504-522 [PMID: 19876740 DOI: 10.1007/s11065-009-9119-9]

37 Nouchi R, Taki Y, Takeuchi H, Hashizume H, Nozawa T, Sekiguchi A, Nouchi H, Kawashima R. Beneficial effects of reading aloud and solving simple arithmetic calculations (learning therapy) on a wide range of cognitive functions in the healthy elderly: study protocol for a randomized controlled trial. Trials 2012; 13: 32 [PMID: 22483196 DOI: 10.1186/1745-6215-13-32]

38 Tranter LJ, Koutstaal W. Age and flexible thinking: an experimental demonstration of the beneficial effects of increased cognitively stimulating activity on fluid intelligence in healthy older adults. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn 2008; 15: 184-207 [PMID: 17851980 DOI: 10.1080/13825580701322163]

39 Tardif S, Simard M. Cognitive stimulation programs in healthy elderly: a review. Int J Alzheimers Dis 2011; 2011: 378934 [PMID: 21876829 DOI: 10.4061/2011/378934]

40 Reijnders J, van Heugten C, van Boxtel M. Cognitive interventions in healthy older adults and people with mild cognitive impairment: a systematic review. Ageing Res Rev 2013; 12: 263-275 [PMID: 22841936 DOI: 10.1016/j.arr.2012.07.003]

41 Valenzuela M, Sachdev P. Can cognitive exercise prevent the onset of dementia? Systematic review of randomized clinical trials with longitudinal follow-up. Am J Geriatr Psychiatry 2009; 17: 179-187 [PMID: 19225276 DOI: 10.1097/JGP.0b013e3181953b57]

42 Willis SL, Tennstedt SL, Marsiske M, Ball K, Elias J, Koepke KM, Morris JN, Rebok GW, Unverzagt FW, Stoddard AM, Wright E. Long-term effects of cognitive training on everyday functional outcomes in older adults. JAMA 2006; 296: 2805-2814 [PMID: 17179457 DOI: 10.1001/jama.296.23.2805]

43 Ball K, Edwards JD, Ross LA. The impact of speed of processing training on cognitive and everyday functions. J Gerontol B Psychol Sci Soc Sci 2007; 62 Spec No 1: 19-31 [PMID: 17565162]

44 Greenwood PM, Parasuraman R. Neuronal and cognitive plasticity: a neurocognitive framework for ameliorating cognitive aging. Front Aging Neurosci 2010; 2: 150 [PMID: 21151819 DOI: 10.3389/fnagi.2010.00150]

45 Boyke J, Driemeyer J, Gaser C, Büchel C, May A. Training-induced brain structure changes in the elderly. J Neurosci 2008; 28: 7031-7035 [PMID: 18614670 DOI: 10.1523/JNEUROSCI.0742-08.2008]

46 Engvig A, Fjell AM, Westlye LT, Moberget T, Sundseth Ø, Larsen VA, Walhovd KB. Effects of memory training on cortical thickness in the elderly. Neuroimage 2010; 52: 1667-1676 [PMID: 20580844 DOI: 10.1016/j.neuroimage.2010.05.041]

47 Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman DM, Jagust WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH. The diagnosis of mild cognitive impairment due to Alzheimer's disease: recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease. Alzheimers Dement 2011; 7: 270-279 [PMID: 21514249 DOI: 10.1016/j.jalz.2011.03.008]

48 Kinsella GJ, Mullaly E, Rand E, Ong B, Burton C, Price S, Phillips M, Storey E. Early intervention for mild cognitive impairment: a randomised controlled trial. J Neurol Neurosurg Psychiatry 2009; 80: 730-736 [PMID: 19332424 DOI: 10.1136/jnnp.2008.148346]

49 Buschert VC, Giegling I, Teipel SJ, Jolk S, Hampel H, Rujescu D, Buerger K. Long-term observation of a multicomponent cognitive intervention in mild cognitive impairment. J Clin Psychiatry 2012; 73: e1492-e1498 [PMID: 23290333 DOI: 10.4088/JCP.11m07270]

50 Simon SS, Yokomizo JE, Bottino CM. Cognitive intervention in amnestic Mild Cognitive Impairment: a systematic review. Neurosci Biobehav Rev 2012; 36: 1163-1178 [PMID: 22322184 DOI: 10.1016/j.neubiorev.2012.01.007]

51 Vidovich MR, Lautenschlager NT, Flicker L, Clare L, Almeida OP. Treatment fidelity and acceptability of a cognition-focused intervention for older adults with mild cognitive impairment (MCI). Int Psychogeriatr 2013; 25: 815-823 [PMID: 23425352 DOI: 10.1017/S1041610212002402]

52 Belleville S, Gilbert B, Fontaine F, Gagnon L, Ménard E, Gauthier S. Improvement of episodic memory in persons with mild cognitive impairment and healthy older adults: evidence from a cognitive intervention program. Dement Geriatr Cogn Disord 2006; 22: 486-499 [PMID: 17050952 DOI: 10.1159/000096316]

53 Clare L, van Paasschen J, Evans SJ, Parkinson C, Woods RT, Linden DE. Goal-oriented cognitive rehabilitation for an individual with Mild Cognitive Impairment: behavioural and neuroimaging outcomes. Neurocase 2009; 15: 318-331 [PMID: 19291529 DOI: 10.1080/13554790902783116]

54 Bäckman L, Jones S, Berger AK, Laukka EJ, Small BJ. Multiple cognitive deficits during the transition to Alzheimer's disease. J Intern Med 2004; 256: 195-204 [PMID: 15324363 DOI: 10.1111/j.1365-2796.2004.01386.x]

55 Alves J, Soares JM, Sampaio A, Goncalves OF. Posterior cortical atrophy and Alzheimer's disease: a meta-analytic review of neuropsychological and brain morphometry studies. Brain Imaging Behav 2013; [Epub ahead of print] [PMID: 23690254 DOI: 10.1007/s11682-013-9236-1]

56 Brinkman SD, Smith RC, Meyer JS, Vroulis G, Shaw T, Gordon JR, Allen RH. Lecithin and memory training in suspected Alzheimer's disease. J Gerontol 1982; 37: 4-9 [PMID: 7031118]

57 Tárraga L, Boada M, Modinos G, Espinosa A, Diego S, Morera A, Guitart M, Balcells J, López OL, Becker JT. A randomised pilot study to assess the efficacy of an interactive, multimedia tool of cognitive stimulation in Alzheimer's disease. J Neurol Neurosurg Psychiatry 2006; 77: 1116-1121 [PMID: 16820420 DOI: 10.1136/jnnp.2005.086074]

58 Alves J, Magalhães R, Thomas RE, Gonçalves OF, Petrosyan A, Sampaio A. Is there evidence for cognitive intervention in Alzheimer disease? A systematic review of efficacy, feasibility, and cost-effectiveness. Alzheimer Dis Assoc Disord 2013; 27: 195-203 [PMID: 23314062 DOI: 10.1097/WAD.0b013e31827bda55]

59 Wolstenholme J, Fenn P, Gray A, Keene J, Jacoby R, Hope T. Estimating the relationship between disease progression and cost of care in dementia. Br J Psychiatry 2002; 181: 36-42 [PMID: 12091261]

60 Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko D, Hall K, Luchsinger JA, Ogunniyi A, Perry EK, Potocnik F, Prince M, Stewart R, Wimo A, Zhang ZX, Antuono P. Alzheimer's disease and vascular dementia in developing countries: prevalence, management, and risk factors. Lancet Neurol 2008; 7: 812-826 [PMID: 18667359 DOI: 10.1016/S1474-4422(08)70169-8]

61 Mayer JF, Bishop LA, Murray LL. The feasibility of a structured cognitive training protocol to address progressive cognitive decline in individuals with vascular dementia. Am J Speech Lang Pathol 2012; 21: 167-179 [PMID: 22355006 DOI: 10.1044/1058-0360(2012/11-0066)]

62 Bahar-Fuchs A, Clare L, Woods B. Cognitive training and cognitive rehabilitation for mild to moderate Alzheimer's disease and vascular dementia. Cochrane Database Syst Rev 2013; 6: CD003260 [PMID: 23740535 DOI: 10.1002/14651858.CD003260.pub2]

63 Mohlman J, Chazin D, Georgescu B. Feasibility and acceptance of a nonpharmacological cognitive remediation intervention for patients with Parkinson disease. J Geriatr Psychiatry Neurol 2011; 24: 91-97 [PMID: 21546649 DOI: 10.1177/0891988711402350]

64 Sinforiani E, Banchieri L, Zucchella C, Pacchetti C, Sandrini G. Cognitive rehabilitation in Parkinson's disease. Arch Gerontol Geriatr Suppl 2004; (9): 387-391 [PMID: 15207437 DOI: 10.1016/j.archger.2004.04.049]

65 Nombela C, Bustillo PJ, Castell PF, Sanchez L, Medina V, Herrero MT. Cognitive rehabilitation in Parkinson's disease: evidence from neuroimaging. Front Neurol 2011; 2: 82 [PMID: 22203816 DOI: 10.3389/fneur.2011.00082]

66 Robles Bayón A. [Frontotemporal dementia: therapeutic possibilities]. Neurologia 2000; 15 Suppl 1: 38-42 [PMID: 10723174]

67 Farrajota L, Maruta C, Maroco J, Martins IP, Guerreiro M, de Mendonça A. Speech therapy in primary progressive aphasia: a pilot study. Dement Geriatr Cogn Dis Extra 2012; 2: 321-331 [PMID: 22962556 DOI: 10.1159/000341602000341602]

68 Sorensen AA. Alzheimer's disease research: scientific productivity and impact of the top 100 investigators in the field. J Alzheimers Dis 2009; 16: 451-465 [PMID: 19221406 DOI: 10.3233/JAD-2009-1046]

69 Craft S, Baker LD, Montine TJ, Minoshima S, Watson GS, Claxton A, Arbuckle M, Callaghan M, Tsai E, Plymate SR, Green PS, Leverenz J, Cross D, Gerton B. Intranasal insulin therapy for Alzheimer disease and amnestic mild cognitive impairment: a pilot clinical trial. Arch Neurol 2012; 69: 29-38 [PMID: 21911655 DOI: 10.1001/archneurol.2011.233]

70 van Paasschen J, Clare L, Yuen KS, Woods RT, Evans SJ, Parkinson CH, Rugg MD, Linden DE. Cognitive rehabilitation changes memory-related brain activity in people with Alzheimer disease. Neurorehabil Neural Repair 2013; 27: 448-459 [PMID: 23369983 DOI: 10.1177/1545968312471902]


P-Reviewers Galimberti D, Ho RCM 
S-Editor Zhai HH L-Editor E-Editor

Figure 1 Temporal evolution of cognitive intervention research in Alzheimer's disease (Source: GoPubmed).
