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A B S T R A C T   

Background: The number of patients with cognitive impairment increases as the population becomes older. This 
perspective may persist a burden on health care systems unless considered new options of prevention and 
treatment. The aim of this meta-synthesis is to analyze different systematic reviews on the effectiveness of dual- 
task training (DTT) on cognition and motor function of different people. 
Methods: A systematic search of systematic reviews published until October 2019 was conducted in PubMed/ 
Medline, Scopus and Cochrane databases addressing studies which investigated the effect of DTT compared to 
control or other intervention on cognitive functions of healthy or unhealthy individuals. Three steps were fol
lowed to retrieve studies: reading title, abstract and full text. Checklist Assessing the Methodological Quality of 
Systematic Reviews (AMSTAR) was used to assess the quality of selected articles. 
Results: In terms of quality of evidence, according to AMSTAR, 62.5 % of the reviews were rated as being “low” 
and 37.5 % were graded as “moderate” quality. Two main themes were identified among the studies’ outcomes: 
Improvement on mobility performance or postural stability; and beneficial effect on cognitive function. In terms 
of effect size, there were reported an important variation, having more significant results for findings involving 
mobility and modest effect for findings regarding cognitive function. 
Conclusion: People with different clinical conditions could benefit from dual-task training. The benefits may 
encompass general cognitive functions, memory, physical performance, gait and balance, to name a few aspects.   

1. Introduction 

Cognitive impairments such as dementia and others are diagnosed 
after discerning clinician’s assessment of significant cognitive changes. 
It is important to highlight that there is an expected degree of cognitive 
slowing due to normal aging and it differs from conditions that imply 
compromise to social/occupational functioning, i.e., cognitive impair
ment (Hugo, Ganguli, 2014; Alzheimer’s Association, 2018). When it 
comes to the implications of cognitive impairments it has multiple 
consequences going beyond the individual affected. There is an impact 
on its family, the economy and the health system, to name a few. It is 
also concerning because this problem is often associated with elderly, 
which is the population’s age group expected to grow as a country 
becomes more developed and with a higher income (Hugo, Ganguli, 

2014; Matthews et al., 2013). 
There is reported an estimated number of 115.4 million people 

worldwide to be living with dementia by 2050, whereas there were 
reported 35.6 million in 2010 (Prince et al., 2013). Most dementias are 
not curable, so they affect prevalence of major cognitive impairment 
with higher prevalence in groups with longer life expectancy. Cognitive 
impairment increases with increasing age. It is reported a higher pre
valence in women, when compared to men, probably because women 
live longer (Hugo, Ganguli, 2014; Plassman et al., 2007). In developed 
countries the prevalence of this disease is in 5–10 % of people with 65+ 
years old. Dementia has been more associated with Latin America po
pulation and less with sub-Saharan Africa. However mild cognitive 
impairment (MCI) that has not yet evolved to dementia is poorly re
ported due to the difficulty of definition and differentiation of subtypes 
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in studies (Ward et al., 2012; Hall et al., 2009). 
Different types of studies address the association of older age with a 

wide range of physical and mental problems. One important problem is 
related to decline in motor function, showing that older people have 
greater risk of falls. The more sedentary the greater the risk of falls, 
related to regression of balance and motor performance overall 
(Norouzi et al., 2019). Motor function in the elderly is a topic of con
stant importance since it is a modifiable risk factor for falls and falls are 
related to a great morbidity and mortality in this population (Guirguis- 
Blake et al., 2018). 

There are several limitations of studies on costs of cognitive im
pairments. Some explanations for that are in lack of longitudinal data or 
unprecise and shortage in notification and registration of cases related 
to its specific costs (Knapp et al., 2013; Zhu et al., 2013; Mauskopf 
et al., 2010). In a study conducted in United States with over one 
hundred elderly, comparing costs of the ones with cognitive impair
ment with control group, it was found higher costs in caring of the first 
ones. The larger cost was reported to hospitalizations. Also, the study 
showed that annual direct medical cost and informal care use per 
person with MCI was more than two times higher than for those without 
MCI (Zhu et al., 2013; Langa et al., 2001; Barnes e Yaffe, 2011). 
Moreover, dementia could correlate or evolve from a condition of MCI, 
and studies suggest that dementia represent as a substantial financial 
burden on society as heart diseases and cancer (Hurd et al., 2013). 

Research has explored and supported the view of positive effects of 
exercise-based interventions (acute and long-term effects) on cognitive 
functions and motor functions in older people (Norouzi et al., 2019); 
The type of exercise has varied from aerobic exercise to resistance 
training and dual-task training (DTT). Also, according to past studies, 
DTT appear to provide more consistent cognitive or motor function 
benefits in older adults, when compared to the other exercise inter
ventions. There are different types of DTT: for example, DTT with two 
motor assignments like strength training and balance training exercised 
simultaneously (called motor-motor DTT) and motor-cognitive DTT, 
having cognitive task associated with resistance training (called motor- 
cognitive DTT). Dual-task training (DTT), such as the combination of 
cognitive training and motor training, have shown improvement in 
memory, balance and mobility in older people (Norouzi et al., 2019;  
Brustio et al., 2018). 

Patients with several different impairment conditions could benefit 
from DTT and, as an example of that, studies conducted with elderly 
with chronic stroke showed improvement in mobility and balance 
(Tetik Aydoğdu et al., 2018; Pang et al., 2018). Besides the perspective 
on treatment, DTT is important to prevent cognitive decline, as showed 
in studies with older adults at risk for future cognitive decline (Gregory 
et al., 2017). According to Ferreira et al. (2019) the ability to perform 
two tasks simultaneously seems to be compromised in patients with 
Alzheimer’s disease, and unaltered for individuals with Major Depres
sion. Also, in cases of dementia, DTT was proven effective in improving 
specifically trained dual-task performance in patients with the condi
tion (Lemke et al., 2019). 

There are no studies analyzing the minimal and maximal effect of 
DTT on cognition observed in different people with different clinical 
conditions. Moreover, according to researchers like He et al. (2018), 
there is still scarce evidence to support the use of DTT to enhance dual- 
task walking, balance, and cognitive function. Hence, despite the per
spective of improvement in multiple functions for patients subjected to 
DTT clinical significance of the treatment effect is still uncertain 
(Plummer and Iyigün, 2018). Therefore, the aim of this meta-synthesis 
is to analyze systematic reviews which have investigated the effect of 
DTT on cognitive functions, postural stability and mobility of people 
with different clinical conditions. 

2. Methods 

2.1. Design, Information sources and search strategy 

The study consists in an overview (meta-synthesis) of systematic 
reviews. PICO strategy was applied to retrieve systematic reviews 
published until October 2019, addressing studies which investigated 
healthy or unhealthy individuals (Population) and the effect of DTT 
(Intervention) compared to control (Comparator) on cognitive func
tions, stability and mobility (Outcomes). According AMSTAR, two da
tabases are required at least in a systematic review. Searches were 
handled at PubMed/Medline, Scopus, and Cochrane databases using the 
following search terms filtered on title or abstract, combining Boolean 
operators OR/AND: "dual-task training" OR "dual-task intervention" OR 
"dual-task activity" OR "dual-task exercise" OR "motor cognitive 
training" AND “cognition” OR "cognitive functions" OR "executive 
functions" OR “memory” OR "decision making" OR “reasoning” OR 
"inhibitory control" OR "cognitive flexibility" OR "spatial navigation". 
The search was conducted at 31 st October 2019, and retrieved the 
published systematic reviews from 2009 up to date. The terms were 
retrieved by title/abstract in each database. When the database did not 
provide this option, it was retrieved by abstract. Also, “Systematic 
Review” or “Review” was used as filter term when database displayed 
this option. Independently of the language, articles have at least their 
abstracts indexed in English in these databases. Therefore, English 
language was a requisite related to the search strategy. One author 
performed the literature search. Data extraction from chosen records 
was processed by two researchers independently, one of which per
formed the creation and insertion of data in the table. Disagreement 
related to the inclusion and screening process of a given result was 
decided by another author, as supervisor. 

Grey literature search was considered in order to minimize the 
publication bias. Authors reviewed potential articles in the list of re
ferences of each systematic review included in the present work. In 
addition, it was searched non-published reviews on NIHR Centre for 
Reviews and Dissemination. However, the material retrieved was not 
included given the consensus among authors, based on lack of detail 
and peer review. 

2.2. Eligibility criteria and data analysis 

Systematic reviews with or without meta-analyses with clear qua
litative or quantitative data were selected. Three steps were followed to 
retrieve studies: 1) reading title, 2) reading abstract and 3) reading full 
text. Information regarding any cognitive outcome was extracted. 
Checklist "Assessing the Methodological Quality of Systematic Reviews 
(AMSTAR)" was used to assess the quality of selected articles (Shea 
et al., 2007). The sixteen multiple choice questions related to the AM
STAR tool checklist (https://amstar.ca/Amstar_Checklist.php) were 
responded for each study included (Shea et al., 2017). Two examiners 
went through the process, independently, using ‘no’, ‘partial yes’, ‘yes’ 
or ‘not applicable’, in given cases. The following quantitative data was 
considered: Overall effect size, confidence interval, and heterogeneity. 
A classification of overall effect size was done according with Cohen’s d 
effect size (Cohen, 2013) as follow: > 0.30 small effect, between 0 and 
0.50 medium effect, and > 0.80 large effect. 

3. Results 

3.1. Search outcome 

Systematic Reviews were selected if they clearly investigated DTT 
on any cognitive, stability or mobility outcome of healthy or unhealthy 
persons. Persons (healthy or unhealthy individuals), Intervention 
(DTT), Comparators (control or other intervention group), and 
Outcomes (cognitive functions, stability and mobility) were inspected 
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and selected if all items were confirmed, addressing PICO strategy. 
Eight systematic reviews among 13 identified in databases were ana
lyzed (Fig. 1). 

The search strategy identified 13 potentially eligible systematic re
views from all electronic databases. After manual removal of duplicate 
articles and screening of titles and abstracts, 8 full-text publications 
were comprehensively evaluated and selected for the present review 
(Agmon et al., 2014; Fritz et al., 2015; He et al., 2018; Lauenroth et al., 
2016; Law et al., 2014; Pichierri et al., 2011; Plummer and Iyigün, 
2018; Wajda et al., 2017). One systematic review with meta-analysis 
was identified, Plummer and Iyigün (2018). The characteristics and 
main findings of the reviews included are presented in Table 1. 

The reviews were published between 2011 and 2018. A total of 133 
primary studies were assessed by the systematic reviews considered in 
this work. There was a range varying from seven, Plummer and Iyigün 
(2018), to twenty-eight studies, Pichierri et al., 2011, in the systematic 
reviews considered. The designs of studies evaluated varied sig
nificantly, e.g., randomized controlled trials (RCT), non-randomized 
controlled trials (NRCT) (Agmon et al., 2014; He et al., 2018; Lauenroth 
et al., 2016; Law et al., 2014; Pichierri et al., 2011; Plummer and 
Iyigün, 2018; Wajda et al., 2017); non-blinded RCT, single-blinded 
RCT, double-blinded RCT, test-retest (Fritz et al., 2015); case study, 
case-control, two groups control, pre-post (Pichierri et al., 2011). 

The reviews comprised studies evaluating individuals with brain 
injury, Parkinson’s disease (PD), Alzheimer’s disease (AD) (Fritz et al., 
2015); stroke, traumatic brain injury, with history of falls and balance 
disorders, cognitive impairment, osteoporosis (Pichierri et al., 2011); 
with cognitive impairment or dementia (Law et al., 2014); cognitive 
complaints, subacute stroke, dementia, AD, cognitively healthy 
(Lauenroth et al., 2016); neurodegenerative diseases (NDD), including 
multiple sclerosis, PD, AD and mild cognitive impairment (MCI) (Wajda 
et al., 2017); stroke (He et al., 2018; Plummer and Iyigün, 2018) and 
even exclusively healthy elderly (Agmon et al., 2014; Lauenroth et al., 
2016; Law et al., 2014;). 

The age of participants varied shortly with half of the systematic 
reviews considering patients above 60 years old (Agmon et al., 2014;  
Law et al., 2014; Pichierri et al., 2011; Wajda et al., 2017); and the 
other 50 % of the studies permitted participants from 18 years old and 
above (Fritz et al., 2015; He et al., 2018; Lauenroth et al., 2016;  
Plummer and Iyigün, 2018). In terms of the outcomes, four studies 
focused on cognitive functions (He et al., 2018; Lauenroth et al., 2016;  

Law et al., 2014; Pichierri et al., 2011); and the others had primary 
outcomes planned as mobility performance or posture stability, besides 
the cognitive outcomes assessed. (Agmon et al., 2014; Fritz et al., 2015;  
Plummer and Iyigün, 2018; Wajda et al., 2017). Whereas all of them 
applied dual-task as an intervention, as it was a pre-requisite for their 
selection for the present analysis (Table 1). 

3.2. Synthesis of findings 

Based on our analysis of findings regarding the included reviews, 
two main themes were identified and developed, each addressing our 
overall aim to investigate the effect of dual-task training on cognition, 
stability or mobility of people with different clinical conditions: 
Improvement on mobility performance or posture stability; and bene
ficial effect on cognitive function (Table 1). 

3.2.1. Beneficial effect on cognitive function 
According to He et al. (2018) and their study, dual-task mobility 

training was observed to prompt more improvement in single-task 
walking function (standardized effect size between 0.14 and 2.24), 
comparing with single-task mobility training. It was not reliable its 
effect on dual-task walking function. Cognitive-motor balance training 
improved single-task balance function (standardized effect size between 
0.27 and 1.82), but its effect on dual-task balance ability was not 
analyzed. Only one study provided the beneficial effect of dual-task 
training on cognitive function, therefore inconclusive. Also, Lauenroth 
et al. (2016) findings suggests that training program from 1–3 hours 
weekly, for 12 weeks or more has a bigger chance to lead to noticeable 
improvements in cognitive performance when compared to different 
training schemes. Moreover, in Law et al. (2014) review, it was showed 
that studies with cognitively healthy populations revealed significant 
benefits of combined cognitive and exercise interventions on general 
cognitive functions, memory and functional status compared to active 
control group. Studies with cognitively impaired populations also 
showed significant improvements in general cognitive function, 
memory, executive functions, attention and functional status in persons 
with MCI and AD or dementia but lack comparison with active control 
groups. 

3.2.2. Improvement on physical functioning or performance 
Agmon et al. (2014) demonstrated the potential to increase postural 

control, improving balance and walking ability in older adults. Fritz 
et al. (2015) showed that DTT improves single-task gait velocity and 
stride length in subjects with PD, AD and brain injury, besides the 
possibility of improving balance and cognition in those with PD and 
AD. According to Pichierri et al. (2011) and their findings, the evidence 
was considered limited about the effectiveness of cognitive-motor or 
cognitive interventions to enhance physical functioning in elderly or 
patients with history of traumatic brain injury. However, they point 
that overall, most studies comprised in their review indicated that the 
interventions could improve physical performance. Plummer and 
Iyigün (2018) showed that exercise and gait training interventions, 
especially involving dual-task practice, may improve dual-task gait 
speed after stroke, but the clinical significance is unclear. Dual-task gait 
speed was increased by 0.03 m/s (95 % Confidence Interval) and au
thors state that dual-task interventions had larger treatment effect on 
dual-task gait speed than those of interventions without dual-task 
training. Current effect size estimates lack precision due to small sample 
sizes of existing studies (Plummer and Iyigün, 2018). Wajda et al. 
(2017) found an increase of 0.1 m/s for gait velocity of patients with PD 
after intervention with dual-task and the improvement was maintained 
even after 3 week retention phase. 

Table 2 summarizes the effects of DTT in each condition analyzed. 
Results were grouped focusing on population studied, range of follow- 
up length informed in the studies and implication on outcome. Cogni
tive function was improved with DTT in studies reported in Law et al. 

Fig. 1. Study selection flow chart.  
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(2014) for healthy individuals and those with mild cognitive impair
ment; Fritz et al. (2015) for individuals with brain injury, Parkinson 
disease and Alzheimer disease, also in Lauenroth et al. (2016) for 
healthy individuals, with mild cognitive impairment, after stroke and 
with Alzheimer disease. Mobility performance showed improvement in  
Pichierri et al. (2011), Agmon et al. (2014), Fritz et al. (2015), Wajda 
et al. (2017), He et al. (2018) and Plummer and Iyigün (2018). Postural 
stability was enhanced in studies analyzed by Pichierri et al. (2011),  
Agmon et al. (2014), Fritz et al. (2015), Wajda et al. (2017) and  
Plummer and Iyigün (2018). 

According to provided data, DTT protocols may improve cognition 
and motor skills. However, different protocols bring different results for 
distinct populations. Longer follow-ups were reported in studies with 
positive findings for cognitive function, with at least two months length 
(Law et al., 2014). For motor skills such as mobility performance or 
postural stability/balance, shorter follow-ups were informed: 2 weeks 
minimum (Pichierri et al., 2011; Agmon et al., 2014; He et al., 2018). 
Apart from multiple sclerosis (cognitive function was not analyzed in  
Wajda et al. (2017)), all conditions explored showed some improve
ment with DTT in at least one of the studies. For example, patients after 
stroke did not improve cognition for Pichierri et al. (2011) and He et al. 
(2018) protocols, but they showed improvement in Lauenroth et al. 
(2016). 

Table 3 provides the AMSTAR qualification of evidence for the 
systematic reviews included. In terms of quality of evidence, about 62.5 
% were rated as being of “low” quality (Agmon et al., 2014; Fritz et al., 
2015; Pichierri et al., 2011; Law et al., 2014; Wajda et al., 2017). 37.5 
% of the reviews were graded as of “moderate” quality (He et al., 2018;  
Lauenroth et al., 2016; Plummer and Iyigün, 2018). While none of the 
systematic reviews included achieved a “high” quality grade. 

Only one of the systematic reviews has a meta-analysis, Plummer 
and Iyigün (2018), hence the Cohen effect size was used with its results. 
The result was of “no effect”. Despite bringing results in terms of sig
nificance of DTT on cognition, the other seven reviews’ data are not 
available for classification of overall effect size. 

4. Discussion 

This overview examined the effect of dual-task training on cognitive 
and motor functions of people with different clinical conditions. Eight 
studies were identified in the present review, seven included a popu
lation with some degree of morbidity in terms of cognitive function, 
three studies included a healthy population and one study addressed 
exclusively healthy elderly people. Among the conditions covered, 
there was neurodegenerative diseases like Parkinson’s disease, 
Alzheimer’s disease, multiple sclerosis, dementia other than AD, mild 
cognitive impairment, individuals with brain injury and stroke survi
vors. Also, there were participants with conditions such as history of 
falls, balance disorders and even osteoporosis. The reviews were pub
lished within the past 9 years (2011–2018) and the research and sites of 
data collection were from a great variety of countries. This suggests that 
the issue of investigation of cognitive parameters related to practice of 
dual-task training is not restricted to developed countries and it is 
worldwide. 

The findings of the present work suggest an improvement in cog
nitive or motor function for those who experienced dual-task training. 
Three studies reported improvement in cognitive functions (Fritz et al., 
2015; Lauenroth et al., 2016; Law et al., 2014) and five showed im
provement in motor functions (Agmon et al., 2014; Fritz et al., 2015;  
Pichierri et al., 2011; Plummer and Iyigün, 2018; Wajda et al., 2017). 
For the improvement in cognition and motor function reported by He 
et al. (2018), it was found significant results in three of his thirteen 
studies encompassed and for the following tests: Stroop test (medium 
effect size) and Trunk Impairment Scale (large effect size). The DTT 
modalities used by the studies involved were walking-cognitive dual- 
task training, balance plus motor or cognitive tasks training. Lauenroth Ta
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et al. (2016) found that successful DTT should include cardiovascular 
training and strength training sessions plus attention or executive 
function / working memory practice. Those items were reported to be 
desirable to yield a positive influence on cognitive performance. Fi
nally, the authors recommend an increasing level of difficulty, with 
caution not to be excessive. Law et al. (2014) found important im
provement in cognition of cognitively healthy population subjected to 
DTT. The authors reported that their participants had to be sufficiently 
challenged to reach the effects, which allows an understanding of a 
need to individualize the test according to each participant. Also, the 
intervention period for successful outcome with cognitively healthy 
individuals was reported to be smaller than for those with MCI. 

When it comes to assess the effect size among studies it is uncertain 
due to the great variety of different methods for data analysis and 
different conditions reported in the studies covered. The results varied 
within a big range among reviews, having results showing significant 
effect at one side and studies lacking data for calculation and analysis 
on the other side. Pichierri et al. (2011) and Lauenroth et al. (2016) had 
the biggest number of participants in the studies reported in their re
views when compared to the other reviews in this meta-synthesis, 
reaching more than one thousand individuals. However, despite the 
robustness expected for their work when considered the n total, their 
results point to some limited conclusion with data not available for 
calculation and comparison of effect size. More recent reviews like the 
ones of Plummer and Iyigün (2018) and Wajda et al. (2017) have 
smaller numbers of individuals, 125 and 721, respectively. However, 
those recent studies bring more conclusive results, despite the im
portant heterogeneity of their individuals, e.g., various degenerative 
disorders in Wajda et al. (2017). 

The results found show a perspective that, if neglected, will have 
worrying implications for the large-scale health scenario. This is be
cause cognitive impairment in all its variety of presentations are di
rectly related to population aging. Also, those morbidities were fairly 
compared to cardiovascular diseases, the most frequent cause of mor
bidity and mortality in the world (Hurd et al., 2013). Therefore, the 
findings of the present study strengthen the policies and re
commendations of different health organizations, such as the World 
Health Organization (WHO), regarding the regular practice of physical 
activity, perhaps suggesting a new habit, regular and supervised prac
tice of dual-task training. 

Findings herein obtained may contribute to improve the current 
health context of elderly, as they reveal to professionals in the field, 
institutions and people at different levels of decision, that the subject in 
question needs more attention. The study allows the use of information 
and knowledge built for the practice of planning actions, setting prio
rities, allocating capital, evaluating existing projects and programs, as 
well as for the construction and execution of actions aimed at health 
maintenance. 

It is possible to contribute to the proposition of public health po
licies, expressed as guidelines, indicators, determinants and conditions, 
in the sense of allowing reflection and discussion to primary health care 

professionals for the development of actions in the context of long-stay 
institutions, in addition to health and rehabilitation facilities. 
Reinforcing the improvement of its actions, especially for the planning 
and execution of practices focused on a balanced exercise practices 
associated with the practice of cognitive activities as being the path to a 
healthy lifestyle. The rehabilitation facilities and long-stay institutions 
are important spaces for access to the affected public and it is necessary 
to stimulate institution’s health promotion programs to reduce health 
risk behaviors, as well as encourage protective behaviors, such as su
pervised DTT. 

These results should be considered with caution, due to the im
precision in establishing a direct causal relationship, since it is a broad 
review study. Another limitation is due to the use of different reviews 
counting with different populations. It should be noted that this is a 
study conducted with a representative sample of individuals, in which 
results were obtained capable of revealing associations and conclusions 
relevant to the research objective. 

New systematic reviews strictly following the AMSTAR and PRISMA 
guidelines are needed. This requirement is based on the low metho
dological quality evidenced in the studies inserted. The improvement 
demand could be associated with multiple factors, like heterogeneity of 
the population and experimental designs applied for instance. Hence, 
core directions for further studies of DTT on cognition and motor 
function ought to include the following: precise requirements and 
standards for populations to be studied and rigorous compliance with 
methodological guidelines. 

There was investigated a substantial number of studies, however 
with important heterogeneity, hence not allowing for further critical 
analysis of the results for separate groups of populations with cognitive 
impairment. Moreover, about the search, the terms were limited to title, 
abstract and keywords to limit the magnitude of the search yield to a 
manageable size for a limited number of researches and exclusively 
citations published in English were entered. The restrictions mentioned 
certainly limit the coverage of all aspects related to the topic re
searched. Further, we suggest that more randomized blinded controlled 
trials are made within the topic, covering individual conditions and 
provide more detailed data and effect sizes. 

5. Conclusion 

Findings from this overview show that people with different clinical 
conditions could benefit from dual-task training, despite the great 
variation within effect size among the studies presented. Although 
many effects are highlighted regarding physical functions such as mo
bility, gait and balance, benefits also encompass general cognitive 
functions. Healthy patients were evaluated, and among the clinical 
conditions, there were individuals with MCI, dementia, AD, PD, stroke 
and multiple sclerosis. Most individuals were 60 years old and above, 
with few adults under that age. On the other hand, there was a lack of 
evidence comparing effect sizes in some studies considered. 

General cognitive functions, memory, attention, and functional 

Table 2 
Effects of DTT in different populations and outcomes.        

Author Population Follow-up length Cognitive function Mobility performance Posture stability  

Pichierri et al., 2011 MCI, stroke and BI 2−12 weeks X ↑ ↑ 
Agmon et al., 2014 Healthy 2−4 weeks X ↑ ↑ 
Law et al., 2014 Healthy and MCI 2−60 months ↑ N/A N/A 
Fritz et al., 2015 BI, PD and AD. 12 weeks ↑ ↑ ↑ 
Lauenroth et al., 2016 Healthy, MCI, stroke and AD. 5 years ↑ N/A N/A 
Wajda et al., 2017 PD, MS, AD and MCI 1−12 months N/A ↑ ↑ 
He et al., 2018 Stroke 2 weeks X ↑ N/A 
Plummer and Iyigün, 2018 Stroke 1−6 months N/A ↑ ↑ 

Abbreviations: ↑ = Improve in most studies that analyzed this outcome; X = No effect in most studies that analyzed this outcome; N/A = Not analyzed; BI = Brain 
injury; PD = Parkinson disease; AD = Alzheimer disease; MCI = Mild cognitive impairment; MS = Multiple sclerosis.  
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status were assessed and improved for cognitively healthy populations, 
as well as cognitively impaired like MCI and AD subjected to DTT. Also, 
patients with stroke pathology benefited from DTT, with a regular 
weekly training scheme for 12 weeks or more. Studies with moderate 
level of evidence supported these findings. All individuals benefited in 
various grades from the intervention when considered motor function 
like postural stability or mobility, with studies varying from low to 
moderate level of evidence. 
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