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Abstract: This review presents a critical examination of current knowledge of the impact of 

combined cognitive and physical training on cognition in healthy elderly subjects. The objectives 

are to evaluate the contribution of cognitive and physical training to the enhancement of cogni-

tion, and to determine the interest of combining these two training types in one intervention in 

terms of the benefits for cognition (direct and transfer), long-term maintenance, and transfer 

to daily living. To do so, a systematic electronic search was conducted in PubMed and Google 

Scholar. Exclusion criteria were animal and pathological aging studies. We focused on the 

shared and different behavioral impacts of these two types of training on cognition, as well as 

their functional and structural impact on the brain. The review indicates that both cognitive and 

physical training have an impact on cognition and on the brain. However, each type of training 

seems to preferentially enhance different cognitive functions and specifically impact both brain 

structure and function. Even though some results argue in favor of a complementarity between 

cognitive and physical training and the superiority of combined cognitive and physical train-

ing, the current state of knowledge does not permit any definitive conclusion. Thus, the present 

review indicates the need for additional investigations.

Keywords: cognitive training, physical training, combined cognitive and physical training, 

healthy adults

Introduction
Western society is facing a significant increase of the elderly population. Individuals 

are living even longer and are confronted with disability and fragility.1–3 Even though 

majority of the elderly have relatively well-preserved health, 20% of older adults 

aged 70 years or more experience difficulties in their everyday activities and lose their 

independence.4,5 It is well established that normal aging induces anatomo-physiological 

changes in the brain that impact some aspects of cognition,6 and particularly speed 

of processing, working memory, and executive functions.7,8 This decline is mostly 

due to a dysfunction of the pre-frontal cortex, which is especially vulnerable and thus 

becomes prematurely atrophied in normal aging.9 Some authors have shown that in 

the face of this atrophy, the aging brain reorganizes its functioning, for example, in 

terms of the hemispheric lateralization of the solicited regions. Indeed, the Hemispheric 

Asymmetry Reduction in Older Adults (HAROLD)10 model holds that for any given 

cognitive task, older adults exhibit bilateral brain activation, whereas young adults 

exhibit unilateral activation to achieve the same performance. For instance, it has been 
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found that when young and older adults had to perform an 

episodic memory task, although both groups succeeded in 

the task, the older adults exhibited a bilateral recruitment of 

pre-frontal regions, whereas the young adults exhibited uni-

lateral recruitment of these same regions.10 Two hypotheses 

can explain this phenomenon. The compensatory hypothesis 

postulates that older adults would compensate for the difficul-

ties they face by additionally recruiting contralateral regions 

to contribute to the ongoing task.10,11 The dedifferentiation 

hypothesis postulates that asymmetry reduction results from 

difficulties in recruiting specific cerebral regions that are 

required for a given task, thus leading to a more generalized 

recruitment.12 Based on this idea, some authors proposed 

the Compensation Related Utilization of Neural Circuits 

Hypothesis (CRUNCH) model,11 in which they explained that 

for a given task, older adults need more neuronal resources 

than young adults, thus resulting in this over-recruitment of 

brain regions in older adults.13 The HAROLD and CRUNCH 

models provide relevant explanations about how the aging 

brain adapts and organizes its functioning in response to the 

age-related decline in cognition. However, the Scaffolding 

Theory of Aging and Cognition (revised-version – STAC-r)7 

proposes a more complete approach to aging cognition.

STAC-r not only takes into consideration age-related 

cognitive decline and its negative impact on the brain and 

cognition, but also positive aspects that can counteract and 

delay brain neurodegeneration in normal aging. In fact, many 

factors can influence cognition through life in both positive 

(high levels of education, social interaction, intellectual 

stimulation, physical activity) and negative (low level of 

education, lack of physical activity, health problems, alcohol 

or drug abuse) ways.14 The STAC model suggests that as 

people age, there is an adaptation and a reorganization of 

brain functioning. More precisely, brain deterioration due 

to age-related decline results in a response in the form of a 

scaffolding of new compensatory networks, depending on 

the factors that positively and negatively influence cognition. 

STAC-r is the first model to explicitly include the concept 

of behavioral interventions, such as cognitive and physical 

training, while also modeling cognitive and cerebral aging, 

and to consider that training contributes to the scaffolding of 

new neuronal networks. In a more general way, this model 

proposes that having a rich cognitive and physical environ-

ment throughout life helps to preserve brain function.7

Behavioral interventions that aim to protect brain func-

tion against age-related decline are often described in terms 

of cognitive training (particularly oriented toward memory 

and executive functions)15,16 and physical training (especially 

aerobics).17 The question addressed by this review is whether 

it is relevant to combine cognitive training and physical 

training in one training intervention in order to improve 

the training outcomes as compared to each of these training 

modes administered alone.

Methods
Search strategy
A systematic electronic search was conducted in PubMed 

and Google Scholar with the following keywords: cognitive 

training, physical training, combined cognitive and physical 

training (CCPT), working memory, executive function, 

cognitive enhancement, endurance, aerobics, walking, 

everyday activities, elderly, and healthy older adults. The 

research was restricted to the period from January 2000 

to November 2017 and to articles written in English. The 

search was also complemented by references to articles and 

“related articles”.

Selection process
We only considered empirical studies that used a training 

intervention designed for healthy older adults. Animal studies, 

studies of persons with cognitive impairments, or studies 

that did not use a training design were excluded. A total of 

52 studies are included in this review: 32 relating to single 

cognitive training, 10 relating to single physical training, and 

11 relating both to cognitive and physical training. Among 

these 11 last studies, three are based on a direct comparison 

between cognitive and physical training alone and eight 

studies addressed CCPT.

evaluation of methodological quality
We performed a qualitative evaluation of the 52 studies that 

were included in the review. We used the Physiotherapy 

Evidence Database (PEDro) scale.18 This scale contains 

11 criteria that evaluate the methodological quality of 

studies. Each fulfilled criterion is worth 1 point, and non-

fulfilled criterion is worth 0 point. Total score between 9 and 

11 points means a good methodological quality, total score 

between 6 and 8 means medium methodological quality, and 

total score of less than 6 points means low methodological 

quality. Tables 1–3 report levels of methodological quality 

of the studies that used, respectively, cognitive training 

alone, physical training alone, and cognitive and physical 

training together.

In the following sections, we will first present the 

impact of cognitive and physical training on cognition, 

and brain structure and function. Then, the differential 
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effects of cognitive and physical training alone or combined on cognition
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and complementary effects of CCPT will be addressed. 

Tables 4–6 present details concerning the procedure and 

results of each cited study in this review, respectively, for 

cognitive training alone, physical training alone, and cogni-

tive and physical training together. In the tables, we only 

reported statistically significant (ie, p , 0.05) outcomes that 

are described as increase or decrease compared to baseline. 

Giving the irregularity in report of effect size in the selected 

studies, we did not include this data in the tables. However, 

globally, the effect sizes (reported as η2) are in the range 

between 0.001 and 0.88 in studies concerning cognitive 

training alone, between 0.01 and 0.97 in studies concerning 

physical training alone, between 0.14 and 0.34 in studies 

concerning CCPT, and between 0.001 and 0.37 in studies 

that report direct comparison between cognitive and physical 

training alone.

Specific impact of cognitive and 
physical training on cognition, and 
brain structure and function
Several studies have shown the benefits of either cognitive 

(Table 4) or physical (Table 5) training on older adults’ 

brain and cognition. Some models of aging consider that 

brain structure and function adapt and reorganize due to 

cognitive and physical training (STAC-R),19 meaning that 

this non-pharmacological method induces plasticity in the 

aging brain. Cognitive and physical training are both said 

to improve and support cognitive functions and to delay 

neurodegenerative processes. Although both cognitive and 

physical training seem to have an impact on cognition and 

brain, each type of training has specific effects that are inher-

ent to their respective natures. Below, we present the impact, 

first, of cognitive training and, second, of physical training 

on brain structure and function, and on cognition. Different 

meta-analysis and systematic reviews of these studies are 

available20–25 and our purpose is not to exhaustively address 

all points that have been already discussed in these reviews. 

We focused especially on transfer to untrained tasks and to 

everyday life and on maintenance.

Cognitive training
In the present review, we focus on cognitive training, 

although other types of cognitive interventions26 are used 

to improve cognition (eg, cognitive stimulation, cognitive 

rehabilitation). Cognitive training is based on the assumption 

that the aging brain and cognition can be improved through 

training (neuroplasticity) and uses repetitive exercises (labo-

ratory made or commercial software such as Brain Aging, 

Big Brain Academy, and Brain Challenge) targeted at specific 

cognitive functions, such as memory, attention, or executive 

function. One or more functions can be targeted during one 

and the same training intervention27 and the training can 

be performed individually or in small groups, although the 

work remains individual and there is no interaction with 

other people. The tasks are usually performed on a computer 

but pencil-and-paper exercises can also be proposed. On the 

behavioral level, exposure to cognitive training is supposed 

to improve performance of cognitive tasks and older adults’ 

everyday life. On the brain level, it is thought to induce 

functional and structural changes that help to reduce cogni-

tive decline. These training-related changes are measured 

by 1) cortical thickness and gray matter volume reflecting 

quantity and state of neurons, 2) integrity of the white matter 

reflecting structural connectivity, and 3) neuronal activity and 

functional connectivity in specific networks in the resting 

condition (default mode network or dorsal attention network) 

or in task-specific conditions.

All the studies of cognitive training cited in the present 

review are presented in Table 4. Globally, most of the studies 

that used appropriate, controlled intervention designs have 

shown beneficial effects (statistically significant differences 

between trained and control group, and pre-test and post-test) 

of cognitive training in older adults on performance in cog-

nitive tasks (trained or untrained) and/or on brain function 

and structure. Improvements after training with laboratory 

tasks have, in particular, been found for working memory,15,28 

speed of processing,29,30 and executive functions.31,32 Some 

of the studies addressed the issue of using commercial 

brain training games,33 and also showed a positive impact 

on older adults’ cognition. Studies investigating changes on 

brain level are less frequent. Among the 32 studies listed in 

Table 4, only eight studies investigated the impact of cog-

nitive training on brain structure and function. Four studies 

measured white matter integrity or connectivity,16,25,34,39 

two studies measured gray matter volume,36,39 two studies 

measured cerebral blood flow (CBF),34,36 and three studies 

measured functional activity.32,37,38 The main positive struc-

tural changes have been reported after single or multi-domain 

training in white matter in frontal,16 fronto-temporal,34 

occipitotemporal,35 and occipital16 regions. Functional 

changes, expressed by 1) changes in CBF,34,36 2) changes in 

functional connectivity,16,35 3) increase in task-related blood 

oxygen level dependent responses,37 4) increase of theta 

power,32 and 5) decrease in N100 amplitude,38 were reported. 

These functional changes occurred, in particular, in frontal, 

parietal, and occipital regions and in subcortical regions 
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(thalamus, striatum). However, some studies did not report 

changes on brain level due to cognitive training.16,36,39

Transfer to untrained tasks and maintenance
Two critical issues making it possible to judge the efficiency 

of cognitive training are transfer and maintenance. If training 

is transferred to untrained tasks, then this provides evidence 

that the training improves cognition in a more general way. 

Several studies mention transfer to nearest, near, and far abili-

ties relative to the trained tasks. However, it is not clear as 

to what exactly these transfers refer. Although some authors 

have attempted to define these concepts,40 not all studies 

use these informal definitions. Maintenance corresponds to 

the period after the end of the training after which positive 

outcomes of the training are still present. Several studies 

have focused on these two points, although not always with 

the same distinction concerning transfer and not always with 

the same post-training period in order to determine main-

tenance. This makes the comparison of these studies com-

plicated and general conclusions difficult to draw. Among 

the 32 studies we listed in Table 4, only one study did not 

report data concerning transfer and one study did not find a 

transfer effect. In some studies, near,41 far,31 or both transfer 

effects were found depending on the authors’ classification.42 

However, many of these studies do not explicitly state what 

kind of transfer was examined. The situation is at its worst 

regarding the long-term maintenance of training benefits. 

Sixteen of the studies presented in Table 4 did not examine 

this issue. In the remaining studies, the interval between 

immediate post-training evaluation and follow-up varies from 

2 months33 to 10 years,29 with periods of 3, 6, and 12 months 

being the most frequently studied. Globally, these studies 

provide some evidence in favor of long-term maintenance, at 

least for some of the benefits of cognitive training at behav-

ioral and brain level. However, to reach better understanding 

of transfer and maintenance of cognitive training outcomes, 

more systematic investigations are need.

Borella et al, for example, addressed the issues of trans-

fer and maintenance in a systematic way.15 They examined 

nearest (visuo-spatial working memory), near (ie, short-term 

memory), and far transfer (ie, fluid intelligence, inhibition, 

speed processing) of working memory training at post-test, 

on the one hand, and long-term maintenance (8-month 

follow-up), on the other. Nearest, near, and far transfers were 

observed at post-test and follow-up, although at follow-up 

the effects of transfer were in general significantly lower 

than at post-test. These results suggest that benefits from 

working memory training may transfer to several cognitive 

functions, some of them, such as intelligence, being loosely 

related to trained task, and that this transfer may persist 

through time. Transfer of cognitive training outcomes to fluid 

intelligence in older adults was frequently observed28,31,43 but 

not always.33

Transfer to everyday activities
Because the crucial goal of cognitive training is to improve 

people’s lives and preserve their autonomy, some authors 

have looked at the transfer of cognitive training benefits to 

everyday activities. Ten of the 32 reported studies addressed 

this issue, and only one did not report any effect of cogni-

tive training on everyday living. Although the question is 

extremely important, it is not a straightforward task to draw 

conclusions about the transfer of training benefits to every-

day life. This is partly due to the difficulty of objectively 

evaluating this transfer. In fact, everyday life abilities are 

most frequently evaluated with subjective measures, such as 

self-reported questionnaires (eg, Instrumental Activities of 

Daily Living). For example, Ball et al investigated the short 

and long-term impact of cognitive training in independence-

related activities on everyday life.44 These authors were 

involved in the ACTIVE study, which is the largest study to 

have investigated cognitive training and included 2,832 older 

adults who were followed up for over a period of 10 years.29 

They examined if training one specific cognitive function – 

memory, reasoning, or speed processing – would have ben-

efits on cognition and everyday life. The transfer of acquired 

abilities to daily living was assessed via the everyday problem 

solving task (ie, reasoning abilities), everyday speed task 

(ie, rapidity of interactions in everyday life), and self-rated 

questionnaires such as activities of daily living, instrumental 

activities of daily living (IADL), and driving habits (ie, dif-

ficulties encountered in driving). Contrary to the short-term 

benefits of the trained abilities, Ball et al failed to show any 

generalization to everyday life after a 2-year follow-up.44 

However, the authors suggested that the functional decline 

of the participants after the 2-year follow-up was not great 

enough to make it possible to observe the long-term transfer 

of the training. In fact, Willis et al and Rebok et al reported 

that in the ACTIVE study, the autonomy of the participants 

in the training groups, as estimated by the self-reported IADL 

questionnaire, declined less than that of those in the control 

group both 5 and 10 years after the end of the training.29,45 

The IMPACT (Improvement in Memory with Plasticity-

based Adaptive Cognitive Training)46 study also examined 

the participants’ self-perception of cognitive functioning 

and mood in everyday life with the Cognitive Self-Report 
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Among the 10 studies listed in Table 5 (seven using structural 

and/or functional MRI), only one study did not report any 

significant improvement in cognition.58 However, the fact that 

this study was conducted with sedentary older adults aged 

more than 70 years may at least partly explain this result. All 

the other studies report effects on cognitive function, on brain 

structure/function, or on both. In addition, in seven studies 

listed in Table 6 (four using MRI,66,67,78,79 one using positron 

emission tomography,77 one using electroencephalogram,79 

and one examining serum brain-derived neurotrophic factor 

[BDNF]69) that included groups undergoing single physical 

training (not combined with other kinds of training), posi-

tive effects of physical training on cognition and on brain 

structure or function were reported. Concerning cognition, 

improvements were especially observed for short-term59,60 

and working memory,53 long-term immediate and delayed 

memory,60 attention,61,62 and executive functions.63 On the 

brain level: 1) structural changes have been found in both 

white53,59 and gray matter,64,65 and 2) functional changes have 

been observed at the level of functional connectivity,53,59 

CBF,60,66,67 and task-related pattern of blood oxygen level 

dependent response.17,68 Some authors61 suggested that the 

thickening of the gray matter might be due to an increase in 

the level of BDNF. This suggestion is in line with the obser-

vation that only physical training, as compared to cognitive 

and mindfulness training, produced an immediate increase 

in serum BDNF, which, in addition, was correlated with 

improved working memory performance.69

Differences in outcomes of physical training as 
function of exercise type
When two or more physical exercises were used and com-

pared, authors have reported some differences in training 

outcomes. On the brain level, Voss et al showed that walking 

training induced greater white matter integrity in pre-frontal, 

parietal, and temporal regions than stretching training.53 

These authors also observed a greater increase in functional 

connectivity in the default network and frontal executive 

network after aerobic training than after stretching and 

toning training after 12 months of training. Voss et al also 

reported a greater increase in white matter integrity in the 

default mode network and frontal executive network after 

walking training than after stretching training.59 An increase 

in the hippocampal volume after walking training, but not 

stretching, was also observed.65 Colcombe et al showed 

increased Flanker task-related activity in the attentional 

network (superior and medial frontal gyrus and superior 

parietal gyrus) after aerobic training but not after stretching 

Questionnaire. Results showed that the participants noticed 

the improvement in their cognition and mood after training. 

Other authors have also reported an improvement in everyday 

life due to training, manifested in terms of reduced memory 

disorders,42 better estimated self-efficacy,47 better achieve-

ment of goals, and satisfaction with the achieved goal.48 One 

study showed correlation between increased white matter 

integrity in the occipito-temporal region (ventral attention 

network) after auditory perception training and improvement 

in everyday problem solving.35

Physical training
Physical training has been shown to induce health ben-

efits and general well-being. Indeed, maintaining a good 

physical condition through life lowers the prevalence of 

some diseases like cancer, diabetes, and cardiovascular 

diseases;49,50 increases life comfort and autonomy; and delays 

dependence.51 Beyond the beneficial effects of physical 

training on body health, some authors have taken an interest 

in the impact of physical training on brain health, which in 

turn positively impacts cognition, without necessarily target-

ing one specific cognitive function (eg, memory, attention, 

reasoning, speed). The literature suggests that the neural 

mechanisms responsible for the impact of physical training 

on cognition are due to neurogenesis (ie, production of new 

neurons), angiogenesis (ie, growth of new blood vessels from 

preexisting ones), synaptogenesis (ie, formation of synapses 

between neurons), and the action of neurotrophins (proteins 

that support the survival, development, and functions of 

neurons).52 In the present review (all studies are presented 

in Table 5), we focused only on physical training, especially 

on aerobic training, which has been shown to bring about 

the greatest impact on the aging brain and cognition17,53 and 

delaying dependence in the healthy elderly,54 although other 

types of intervention are also used to improve cognition 

(physical activity, physical exercise).55 Physical training 

consists of targeted exercises as classified by the World 

Health Organization guidelines56 that involve muscle strength 

and/or endurance57 and usually includes aerobics (ie, capacity 

to perform large-muscle activity over a long period of time), 

balance (ie, backward walking, walking and turning around, 

one-leg stand), muscle-strengthening, resistance (ie, ability 

to produce force to overcome inertia or a load), and flex-

ibility (ie, practice in the range of movements necessary 

in daily life).

Interestingly, some authors have suggested that physical 

training may improve cognition in the same way as cognitive 

training and that they can therefore be used interchangeably.6 
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training.17 Surprisingly, for the same task, Voelcker-Rahage 

et al reported a decrease in activity after aerobic training in 

several cortical areas, especially in the superior and medial 

frontal gyrus.68 On the contrary, they reported increased 

Flanker task-related activity in the inferior frontal gyrus, 

thalamus, caudate, and superior parietal lobule after coor-

dination training. These findings provide evidence that not 

every type of aerobic training induces neuroplasticity to the 

same extent.

On the cognitive level, although no given form of physical 

training (ie, aerobics, running, muscle building) is thought to 

specifically improve any particular cognitive function, some 

studies have pointed out that the outcomes of physical train-

ing for cognition may depend on the type of physical activity 

used in the training. For example, Colcombe et al and 

Liu-Ambrose et al showed improvements in resistance to 

interference after aerobic training,17,63 and Voss et al found 

an improvement in working memory.59 However, working 

memory improvement has also been observed after resistance 

training.70 These results suggest that combining different 

types of activity in physical training sessions may well be a 

better way to train because these combined activities act on 

more than one aspect of cognitive function while, at the same 

time, different types of training may act on one and the same 

function and potentially reinforce the benefits. Combining 

different types of physical training would therefore be more 

efficient than using only a single type. However, Voss et al 

investigated the impact of aerobic versus stretching training 

on short-term memory, working memory, and executive 

control and showed that working memory was enhanced 

only in the walking training group.53 Stretching training did 

not lead to any working memory improvement, suggesting 

that not all types of physical training have the same impact 

on the same cognitive function. Some authors consider that 

aerobic training is the most efficient in terms of cognitive 

enhancement and its impact is thought to be mediated by 

cardiovascular fitness.53

equivalence between physical training and physical 
activity through life
One interesting question related to physical training is 

whether the training outcomes on cognition are equivalent to 

or different from those produced by a high level of physical 

activity through life. This point was addressed by Colcombe 

et al.17 These authors observed that, after 6 months, older 

adults who took part in aerobic training (study 2) achieved 

a high level of resistance to interference that was associ-

ated with reduced activity in the anterior cingulate cortex. 

Interestingly, the same pattern of results was observed in 

non-trained older adults with a high level of aerobic fitness 

(study 1). These results suggest that the neurocognitive 

benefits of cardiovascular fitness may come both from a 

physically active life that leads to physical fitness and from 

physical training. This is an important argument in favor 

of physical training in older adults.

Transfer to everyday activities
Generally, the transfer of physical training outcomes to 

everyday life was not evaluated in the studies we included 

in the present review. Only Liu-Ambrose et al reported 

that physical training reduced falls in everyday life and 

that this reduction was linked to improvement of executive 

function.63

Summary of findings for cognitive and 
physical training
To summarize, both cognitive and physical training seem to 

induce changes in brain and cognition of healthy older adults. 

However, studies exploring physical training outcomes have 

seldom examined long-term maintenance and transfer to 

everyday life. Thus, it seems important for future studies to 

address this shortcoming. Concerning short-term changes at 

brain level, both trainings seem to have some positive out-

comes for the structure and function of older adults’ brains, 

although these changes have more frequently been examined 

in studies focusing on physical training. Both types of training 

seem to impact frontal lobe functioning and increase white 

matter integrity in frontal and parietal regions, with physical 

training being more frequently reported to confer such ben-

efits. By contrast, as far as the hippocampus is concerned, 

structural and functional changes have been examined and 

reported almost exclusively by studies involving physical 

training. Concerning short-term changes in cognition, both 

training programs have been reported to impact positively on, 

in particular, executive functions (ie, planning, inhibition, and 

coordination) and memory (ie, short, long-term, and working 

memory). Beyond these convergent benefits, cognitive and 

physical training also have a differential impact on cognition. 

Cognitive training tends to improve problem solving and fluid 

intelligence, and reduce the cost of multitasking, whereas 

physical training tends to improve spatial memory, speed, 

and resistance to interference. There is no strong evidence of 

a systematic transfer of the benefits of training to untrained 

tasks and even less to everyday life activities, ie, the main 

aims of cognitive training. In addition, when transfer occurs, 

it does not seem to systematically persist through time.
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Combined cognitive and physical 
training
Both cognitive and physical training are used in clinical 

interventions, because they have been proved to have a 

certain effectiveness. Given that there is some evidence 

that they influence brain structure and function, on the one 

hand, and cognition, on the other, in different ways, one may 

hypothesize that they should bring about greater benefits for 

cognition when they are combined in one intervention than 

when either form of training is used alone.

Two systematic reviews of literature investigated this 

question.71,72 The authors showed that CCPT, whether 

simultaneous or subsequent, would produce better benefits 

on cognition as compared to cognitive and physical train-

ing alone. However, these reviews point out two issues: the 

impact of cognitive training seems to be limited to trained 

functions71 and the benefits of CCPT seem to be difficult to 

evaluate in populations with cognitive impairment.72 In fact, 

these two reviews put the emphasis on the impact of CCPT 

on healthy versus cognitively impaired populations, whereas 

the present review is entirely focused on the comparison of 

impact of single versus combined training on healthy older 

adult’s brain and cognition.

Only a few empirical studies have systematically inves-

tigated this question. To our knowledge, only four behav-

ioral studies62,73–75 and two neuroimaging studies76,77 have 

directly compared single versus combined training and their 

impact on cognition in healthy older adults (all cited studies 

concerning CCPT are shown in Table 6). In addition, two 

studies have compared combined training with a control 

group only,78,79 and three studies have compared single 

physical training with single cognitive training and a control  

group.66,67,69

Methodological issues for combined 
cognitive and physical training
Before we address the effectiveness and potential advantage 

of CCPT over single physical and single cognitive training, it 

is necessary to point out an important methodological ques-

tion. Indeed, the organization of protocols in which physical 

and cognitive training are combined raises the question of 

whether the training modes should be sequential or simultane-

ous. In the studies listed in Table 6, two studies used simulta-

neous training,75,76 performing a cognitive task while walking 

on a treadmill. Both sequential and simultaneous CCPT may 

have their advantages and drawbacks. The advantage of 

sequential training is that individuals can be entirely focused 

on the current training. However, in the sense that cognitive 

and physical parts of the training are not performed at the 

same time, there is no direct possible interaction between the 

mechanisms underpinning each training session. Conversely, 

although simultaneous training permits an interaction between 

these mechanisms, the fact that individuals are confronted 

with a dual task might mean that they do not focus fully on 

all aspects of each training session. Is it possible to run and 

simultaneously perform cognitive training efficiently? This 

point is a matter of debate in the literature. Indeed, it has been 

shown that dual tasks are particularly difficult for older adults. 

Consequently, multitasking is very sensitive to aging, and 

the cost of performing a dual task increases as people age.80 

However, Theill et al showed that older adults do not find it 

any more difficult to follow CCPT (ie, performing cognitive 

tasks while walking on a treadmill) than to undertake single 

cognitive training. They argued that the mobilization of 

multiple resources and abilities corresponds to the way that 

people act during their everyday activities.75 The question of 

sequential or simultaneous training also raises the issue of 

the duration of the training. Indeed, in the case of sequential 

training, the difficulty lies in deciding whether it is better to 

keep the same training duration as for single training (eg, 

1 hour per week), but to dedicate only half this time to each 

component (eg, 30 minutes per week of cognitive training 

and 30 minutes per week of physical training), or to double 

the overall training time in order to keep the same training 

time for each type of training (eg, 1 hour per week of cogni-

tive training and 1 hour per week of physical training) as 

compared to their respective single training session times. In 

the latter case, it is not clear whether any advantage observed 

for combined training is due to the combination of the train-

ing types or simply to the fact that training lasts for twice as 

long. It is therefore possible that the design of the training 

may influence its outcomes, although, as far as we know, 

no studies have directly compared sequential training with 

simultaneous training.

Advantage of combined cognitive and 
physical training
Short-term outcomes on cognition and brain
Among the five studies that directly compared CCPT with 

single physical or cognitive training on short-term outcomes, 

all observed an advantage of combined training. Oswald et al 

showed positive specific outcomes after cognitive training 

alone, combined physical and psychoeducational training, 

and CCPT but not after physical training alone.73 However, 

as compared to control group, CCPT brought the largest 

gains in cognitive functioning, emotional status, and physical 
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functioning. Theill et al compared groups receiving CCPT 

(ie, simultaneous working memory and cardiovascular train-

ing) or single training (ie, working memory) with a control 

group. They reported an improvement in executive control 

after both types of training, whereas only the CCPT group 

exhibited improved performance in a motor-cognitive dual 

task and also achieved greater gains in paired-associates 

learning. These results suggest that CCPT may produce both 

similar and specific outcomes to single physical and cognitive 

training.75 Two other studies confirm this suggestion. Linde 

and Alfermann reported that, compared to a control group, 

sequential CCPT and single cognitive and physical training 

increased concentration, but that only CCPT improved cogni-

tive speed.62 Rahe et al found that CCPT and single cognitive 

training improved divided attention and immediate memory, 

whereas CCPT additionally improved general cognitive state, 

delayed memory, and verbal fluency. However, there was 

no control group in this study.74 This was also the case in 

the study by Wenger et al where simultaneous CCPT train-

ing was reported to produce greater improvement in spatial 

navigation performance than single physical training, but 

neither of these training types resulted in cortical thickening.76 

Finally, Shah et al reported a greater improvement in long-

term verbal memory after sequential CCPT than in a control 

group. In addition, the CCPT group presented increased 

glucose metabolism in the left sensorimotor cortex, and 

this was correlated with better performance in the memory 

task. There was no advantage of single physical or cognitive 

training on cognition.77

Globally, the CCPT training seems to result in greater 

short-term benefits than single training, whether cognitive 

or physical. However, the results have to be treated with 

caution because in the reported studies, the sequential CCPT 

took twice the amount of time as the single training program. 

Thus, the greater benefits at both the behavioral and brain 

level observed after this training could be due to reasons 

other than the simple combination of cognitive and physical 

training, such as a superior training time.

In addition, positive outcomes of CCPT were shown in 

two studies that compared CCPT to a control group only. 

Frantzidis et al reported increased frontoparietal synchro-

nization at rest after CCPT as compared to a physically 

active control group. Unfortunately, they did not report 

behavioral outcomes.79 Pieramico et al observed an improve-

ment in long-term memory and processing skills due to 

CCPT as compared to a passive control group.78 Changes 

in the strength of the functional connectivity of the default 

mode and dorsal attentional networks were also observed. 

In addition, carriers of DRD3 ser9gly and COMT Val158Met 

polymorphism of dopamine-related genes benefited more 

from CCPT.

Long-term maintenance
The question of the long-term maintenance of benefits due 

to CCPT was addressed by four studies. All of these have 

shown the persistence of benefits: at 5-year follow-up,73 at 

1-year follow-up,74 at 4-month follow-up,76 and at 3-month 

follow-up.62 Oswald et al observed, 4 years after the end 

of the training, improvement of cognitive functioning after 

both cognitive training alone and CCPT, with the largest 

improvement after CCPT. Importantly, the participants 

from CCPT group expressed higher degree of independent 

living, and the symptoms of cognitive impairment were less 

pronounced among the members of the CCPT group than 

control group.73 In the Linde and Alfermann’s study, the 

benefits due to single training were also found to be main-

tained, suggesting that there is probably no specific mecha-

nism responsible for maintaining the benefits of CCPT.62 

In Rahe et al’s study, an improvement in divided attention 

was observed immediately after the end of single cognitive 

training and CCPT, but only the CCPT group showed further 

improvement at 1-year follow-up.74 The authors suggested 

that physical training might enhance brain metabolism and 

plasticity, whereas cognitive training, by increasing mental 

demand, might use and reinforce the enhanced brain metabo-

lism and guide brain plasticity. In other words, physical and 

cognitive training play a different but complementary role 

in brain plasticity. Physical training can be seen as an initia-

tor of brain plasticity, while cognitive training would then 

subsequently reinforce the direction introduced by physical 

training. These results suggest that CCPT makes a robust 

contribution to slowing down attentional deficit in aging 

over the long term.

Transfer to everyday activities
Generally, the transfer of CCPT outcomes to everyday life 

was not evaluated in the studies we included in the present 

review. Only Oswald et al reported that this training has a 

positive impact on independent living and every day com-

petence at short term and only on independent living at long 

term (5 years).

Conclusion and recommendations
The main aim of this review was to examine the potential 

advantage of combining cognitive and physical training into 

one intervention in older adults in terms of both immediate 
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and long-term benefits on cognition and everyday life. 

It seems very clear that cognitive and physical training both 

have positive outcomes for brain structure and function, as 

well as in terms of improved cognition. In addition, some 

studies are beginning to show a positive impact of training on 

the autonomy and quality of everyday life of elderly people. 

However, too little studies examined this point and clearly 

future studies should seriously investigate weather and to what 

extent cognitive and physical training improves older people’s 

everyday life. Especially, there is a cruel lack of data concern-

ing physical training. Importantly, some evidence suggests 

that cognitive and physical training may complement one 

another and help improve both brain structure and function, 

and cognition. Unfortunately, here again too little studies 

compared in a systematic way CCPT with each of these train-

ing sessions administered alone. Thus, although the conclu-

sions of these few studies indicate an advantage for combined 

training, further studies are necessary to be able to draw more 

robust conclusion in favor of this training. However, at the 

level of clinical application, although the experimental data 

are too few and not always unequivocal, it seems preferable 

to consider these two training types when planning interven-

tions designed to improve cognitive capacities in older people. 

The role of future studies will be to provide more evidence 

in favor of advantage of combined training and to investigate 

methodological issues inherent to the design of CCPT in order 

to determine the most efficient protocols.
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