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Abstract: Background: Balance impairment causes frequent falls in older adults, and preventing falls
remains challenging. Dual-task (DT) training reduces falls by improving balance, but the precise
theory is not fully understood. This review aims to explore the theories underlying the effectiveness
of DT in improving balance and reducing falls in older adults. Methods: Eleven electronic databases
were searched from database inception to June 2022. Two reviewers independently performed
study screening and data extraction. The risk of bias (RoB) in the included studies was assessed
using the Cochrane Collaboration RoB 2 tool. Results: The searches yielded 1478 citations, of which
30 studies met the inclusion criteria and were included in the review. Twenty-two of the 30 included
studies utilized the motor-cognitive type of DT for training, while six used motor-motor and two
utilized cognitive—cognitive DT. The included studies reported 20 different theories to explain the
effectiveness of DT for improving balance and reducing falls in older adults. The predominant theory
identified in the included studies was attention theory (1 = 14). Overall, 26 studies reported improved
balance and five studies found a reduction in fall incidence following DT training. Balance and falls
improved significantly in 15 motor-cognitive DT intervention studies. Conclusion: Attention shifting
between two tasks is reported to occur following DT training. Motor-cognitive DT training improves
balance and reduces fall incidence in older adults by shifting attention based on the difficulty and
priority of a task from the motor to the cognitive task.

Keywords: motor cognitive interference; postural control; falls; older adults

1. Introduction

Globally, falls is the leading cause of unintentional death among older adults [1].
Moreover, falls is the 18th-leading cause of disability-adjusted life years in older adults [2,3].
Though the global incidence and prevalence of falls have dropped (by 3.7% and 6.5%,
respectively) over the past two decades [4], managing falls remains a challenge among
older adults. A common risk factor for falls is balance impairment [5]. One in five older
Americans had balance impairment, and the condition was more common in women
than in men [6]. One in four people with impaired balance has difficulty with daily
activities [6]. Approximately 10% of falls result in fractures, which are also a significant
source of morbidity and mortality in older adults [7,8]. Falls decrease quality of life
and confidence, increase fear of falling, and limit functional ability and interpersonal
interactions [9,10]. Even minor fall-related injuries are reported to cause pain, limited
function, and high medical bills [7].

The causes of falls are multifactorial [11]. Poor balance is one of the crucial contributors
and can result from white matter lesions in the brain that frequently lead to a decrease in
multitasking activity [12-15]. White matter lesions have been linked to motor and cognitive
dysfunction during multitasking, which degrades balance performance [15,16]. In multi-
tasking, interference between two tasks reduces performance in one or both tasks [17], and
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this interference occurs between motor and cognitive tasks [18]. Thus, many studies [19,20]
used dual-task (DT) paradigms to investigate how balance and cognition interact.

Over the past two decades, there has been a growing literature [21-23] on DT training,
which entails the concurrent performance of a primary and a secondary task [19]. Initial
attempts at performing DT are challenging, as it involves responding to two stimuli [24]:
The primary task corresponds to the first delivered stimulus, whereas the secondary task
corresponds to the second stimulus [24]. Secondary task response time is typically slower
than that of the primary task [24]. This could be due to the longer processing time for
initiating the secondary task [24]. With practice, the processing time of the secondary task
shortens, and it becomes easier to perform DT [19]. The DT paradigm is relevant because
most daily tasks require simultaneous cognitive and motor performance [19].

Researchers have proposed plausible, convincing, and credible theories to explain the
theories by which DT training in a study might improve posture and attention, turning,
gait, and gait inhibition [25-27]. According to attention theory, DT promotes balance by
improving attention-shifting between two tasks [28]. In contrast, another theory hypothe-
sized that the multicomponent training approach is useful for developing balance because
it includes different exercises targeting different cognitive functions [29]. Proposed theories
are effective because they enhance balance control in older adults [28-30].

This systematic review provides an overview of the theories that have been proposed
to underlie the effectiveness of DT in improving balance and reducing falls in older adults in
randomized control trials (RCTs). A previous review evaluated the theories underpinning
motor-cognitive interference and balance and gait among healthy young adults [25]. A
recent systematic review [31] identified DT training as an effective strategy for improving
balance and reducing falls in older adults. However, to the best of our knowledge, there are
no reviews exploring the theories underlying the effectiveness of DT training in improving
balance and reducing falls among older adults. A better understanding of the underlying
theories would benefit researchers by helping them plan appropriate interventional studies
and informing clinical decision-making based on a summary of dosages reported in studies.
Familiarity with the theories proposed in studies [32] to explain the association between
balance impairment and older adults is important in the design of effective interventions
using DT to prevent falls in this population. Thus, this review aims to explore the theories
by which DT training improves balance and reduces falls among older adults.

2. Materials and Methods

This systematic review was developed and is reported in line with the PRISMA
guidelines (see Appendix B, Table A4) [33]. The review was prospectively registered
with PROSPERO (Ref No.: CRD42022315998; https://www.crd.york.ac.uk/prospero/
#searchadvanced, accessed on 30 May 2022).

2.1. Search Process

Multiple electronic databases (PubMed, MEDLINE, Cochrane, CINAHL, Embase, Web
of Science, Scopus, PsycInfo, PEDro, CNKI, and Wanfang) were searched from database
inception until 27 June 2022. Hand searches were also conducted among the reference
lists of the included studies. We constructed five search themes: DT, balance, fall, older
adults, and RCT. Search terms were specific to each database. Appendix A Table A1 reports
the search strategy for the PubMed database. The Boolean expression “OR” was used
to combine relevant terms under each theme and “AND” was used to combine the five
themes. Keywords in the searches used that did not match MeSH phrases. The root words
“Posture” and “RCT” were truncated.

2.2. Eligibility Criteria

To be included, the studies had to (1) have included older adults (aged >60 years)
without any pathological conditions; (2) have delivered DT as the intervention of interest;
(3) have explained the underlying theory for the improvement of balance or reduction in
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falls following DT training; (4) be RCTs or pilot RCTs with a randomized cluster or cross-
over design; (5) have utilized any of the following outcome measures for evaluating balance:
Berg Balance Scale (BBS), Timed Up and Go (TUG), Community Balance and Mobility Scale
(CB&M), one-leg stance (OLS), tandem test (TT), Romberg test (RT), Step Test (ST), Fullerton
Advanced Balance (FAB), four square step test (FSST), Figure of 8 Walk Test (FSW), Frailty
and Injuries Cooperative Studies of Intervention Techniques test (FICSIT-4), Y-balance
test (Y-BT), Tinetti Balance Assessment Tool Balance Exercise (TBAT), Tinetti performance-
oriented mobility score (TPOMA), and Functional Reach Test (FRT); and (6) utilize the
number, percentage, and incidence rate ratio for evaluating falls. Unpublished theses were
also included in the review. Studies were ineligible if they examined the combined effects of
DT training with therapies such as dance, drugs, music, karate, tai chi, and brain stimulation
because these interventions might interfere with the effect of DT training [34,35]. Studies
with unavailable full text, study protocols, conference abstracts, and studies without reliable
and valid scales used for balance measurement were excluded [36-38]. The validity of a
scale was primarily defined by the sample of participants to ensure that the outcomes were
applicable to a diverse array of demographics, cultures, and other contexts [39]. Studies
published in languages other than English and Chinese were also excluded. The reliability
of the scale was determined by the consistency of the outcome [39].

2.3. Data Extraction

Two independent reviewers screened titles, abstracts, and full texts. A third reviewer
was consulted to resolve discrepancies between the reviewers. Data were extracted using a
standard form. Extracted data included study characteristics, intervention types, dosage,
treatment effects, and proposed theories.

2.4. Risk of Bias

The Cochrane Collaboration Risk of Bias (RoB 2) tool was used to assess bias [40].
The RoB 2 tool analyzes randomization, intervention deviations, missing outcome data,
outcome measurement bias, and result reporting bias. Each question was answered with

”ou oo VZa7i

“yes”, “probably yes”, “probably no”, “no”, or “no information” [40]. The bias risk of each

s

domain was rated as “low”, “some concerns”, or “high.” Similar to the individual domains,

7

overall RoB 2 was also summarized as “low”, “some concerns”, or “high” risk of bias [40].

2.5. Statistical Analysis

We calculated the agreement between the two authors using the kappa value for the data
screening process and quality appraisal. Values < 0 indicated no agreement; 0.01-0.20 indicated
no to little agreement; 0.21-0.40 indicated fair agreement; 0.41-0.60 indicated moderate agree-
ment; 0.61-0.80 indicated substantial agreement; and 0.81-1.00 indicated nearly perfect
agreement [41]. The RoB 2 tool was used to assess the bias and the methodological quality
of specific results of RCTs. Since the focus of this review was to explore the theories, not
the treatment effects, a quantitative analysis such as a meta-analysis or meta-regression
was not considered necessary.

3. Results
3.1. Search Results

The electronic searches yielded 1478 potentially relevant studies. Figure 1 summarizes
the flow of studies through the review. After a stepwise screening process, 32 studies
were found to be eligible for review. Two studies [42,43] were excluded after screening
for full text. Two studies were excluded as they did not report any theories for explaining
the treatment benefits of DT training. Therefore, this review included 30 studies. The
agreement between the two review authors was near perfect (0.92) for full-text screening.
Studies excluded at the full-text screening stage and the reasons for exclusion are reported
in Appendix A Table A2.
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2 Records identified from:
3 Databases (n = 1429)
£ PubMed (n =240), Medline (n = 143), Records removed before screening (n = 703): . .
2 Cochrane (n = 279), CINAHL (n Ineligible by automation tools (n = 703) Records identified from:
8 =93), Embase (n = 179), Web of Sci- Google (n = 49)
E ence (n =198), SCOPUS (n= 203),
= PsycINFO (n =79), PEDro (n =13),
S WanFang (n = 2) and CNKI (n = 0)
Records excluded (n = 512):
I Ineligible participant (n = 226)
/ Ineligible intervention (n = 119)

Hand search duplicate (n = 70)
Balance & falls not outcome (n = 4)

Title (n =726) Protocol (n = 22)

Full text (n

85)

Studies Included

Reports excluded (n = 57)
Ineligible measurement scale (n = 20)
Balance and falls not outcome (n = 3)

Ineligible intervention (n = I5)
Ineligible participants (n = I)
Not RCT (n = 2)
Theories not explained (n = 2)
- Included studies (n = 30) ~

Figure 1. Flowchart of study inclusion.
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3.2. Risk of Bias

The findings of the RoB assessment are illustrated in Figure 2. Overall, there was a
low to moderate RoB across more than 38.5% of the studies. Twenty-six percent (n = 8) of
the included studies were at low risk of bias, while 12.5% (n = 4) of the studies drew “some
concerns” about outcome measurement, randomization, and deviation from intended inter-
vention. “High” RoB was identified in 60% of studies (n = 18). The major methodological
flaws were identified in measuring outcomes [23,44-47], missing outcome data [29,48,49],
or both [22,50-53]. For methodological flaws for measuring outcome, firstly, flaws resulted
because there was insufficient information available about whether outcome assessors were
aware of the intervention that study participants had received. Secondly, the influence
of the knowledge of the intervention on the assessment was addressed inadequately. For
missing outcome data, the studies were reported “no, possibly no, or no information” if
either the missing data was not reported or the statistical analysis for handling the missing
data was not clearly reported.

o

1 Some concerns

T

m Randomisation process

Deviations from the intended interventions

Missing outcome data
Measurement of the outcome
Selection of the reported result

Figure 2. Risk of bias analysis of the included studies [21-23,28-30,44-67].
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3.3. Characteristics of Included Studies
3.3.1. Types of Dual-Task Training

The DT interventions delivered in the included studies were (1) motor-cognitive,
(2) motor-motor, or (3) cognitive—cognitive DT, as reported in Table 1. Among the 30 included
studies, 22 studies [21,22,29,44,46—63] used motor-cognitive DT training, 6 [23,28,30,45,59,64]
used a motor-motor type of task, and 2 [65,66] included cognitive exercise in both tasks.

Table 1. Dual-task training classification, definitions, and examples of exercises.

DT Training/

Classification Exercise Reported in Trials

Definition

Exercise is assigned to retain postural
control of the body by employing both
motor and motor tasks simultaneously.

Walk and hold two half-filled glasses in both

Motor-motor DT training hands; Daily brushing with balance exercise

Exercise is intended to develop the

Motor-cognitive DT training

abilities of posture control and executive
function through the synchronous
performance of one motor and one
cognitive task.

Balance exercise with a verbal fluency task;
Squire-stepping exercises in fixed-priority and
variable-priority instruction

Cognitive-cognitive DT training

Exercise training with both cognitive
tasks performed at the same time is
intended to improve the executive
function of the brain.

In a computer game, players see an animated
truck and a road sign in the background before
they fade away. Subsequently, two vehicles
reappear to identify the correct vehicle.
Meanwhile, a circle of cars appears around the
edge, with one road sign. Participants need to

find the location where the road sign first
appeared on the edge.

3.3.2. Types of Exercises

The demographics, types of DT interventions, treatment dosage, effectiveness, out-
come measurement, authors’ conclusion, and theories of action proposed by the authors
from the 30 included studies are reported in Table 2. Further detailed descriptions of the
exercises, dosage of primary and secondary tasks, and control groups from the included
studies are reported in Appendix A Table A3. Across the 30 included studies, different
types of exercises were applied. Balance exercises appeared most frequently, as they were
used in 12 studies [21,22,30,47,50,51,54,58,61-64]. Balance exercises were performed using
free-hand, low-tech systems with minimal technology support or technology-dependent,
computerized balance systems. Balance exercise combined with resistance exercise was
performed in four additional studies [48,49,57,60].
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Table 2. Dual-task training and the proposed theory from all included trials.

Intervention (Dual-Task)

Effectiveness of Intervention

Population/Gender/ Mean Age/Age Pri Task Secondary D Total Ti
Authors/ Study Setting/ Range /Sga mple rimary las Task osage otal lime Assessment Control c Au{ho.rs P{%I;?)sed
Year Country Size " Time Balance Falls onclusions ry
(Rep/Minutes/Task/Load/ (Duration/Week/Total) (DT)
Complexity/Administer)
67.72/ training Traming ¢ Both programs
ié male & ~ G2_: Motor G2:' Motor 40 min/ Intervention: ball:;nce fear of
églﬂ )efziél]' 19 female/ 501§Intervent10r1 ggllr’;?ng ) (Tzrg 1;111;% -/ 20 min Pre and post GI1: 111 BBS falling, ’ é?ltetg?}t]mn
.Ifablg ratory/ 25/Intervention Administer: Administer: 8 weeks G2: 111 BBS walking, and
urkey G2: 25) Physiothera- Physiothera- muscle
pist) pist) strength.
Preventing
G1: Motor secondary
training on impairments
Community 23 ﬁez)rtgtlrface gg)écgﬁve Il:yr;ggi:;fve
dwellers L o . . /
-/ training on training 60 min/ Gl: Intervention: safe, dual-task .
égg?;:l[}i f]t al. 1\;[ dical 65-75/ uneveng (15 min/Load: -/ 5 min G1&G2: activities on éltetgrrlhon
R et' tlci / 96(-/-) surfaces 1/ Administer: 1 year G2: 10 min 11 TBAT even regular y
}nzl‘l ute (15 min/Load: Physiothera- surfaces and
ndia 1/Administer:  pist) multi-task
Physmthera- conditions for
pist) further
progression.
G1: Motor . With higher
Communi 824/ training tcc;;./lc\/c[)o_ itive adherence to
dwellers/ v - GZ-: I\_/[otor Traininggn Intervention protocol, multi-
i t . i . .
Ansai et al. 47 female and 22 ?j?l.(lnter vention (fgn:fﬁm (53 min/Load: 221111;11:5// ferfe' Iﬁ?(frt{ and and Control: ICI;11tfervenhon fgxrinnri)r?geigt {\ﬁ[;;t;lc’l;mponent
(2016) [67] male/ ; . 3 : 1/Complexity: intervention 11 OLS : .
University/ 23 /Intervention 10-12/ +/Administer: 16 weeks (6 weeks) LLTT 1 frequency more effective approach
ersity G2: 23/Control: 3 min/Load: minister: and presents
Brazil 23) 1&| /Physical Egzs;ctilr) fewer adverse
educator) events.
gellinl\iﬁ)gtor G2: Cognitive Successive
trainin hysical-
G2: Motor 8 physic
73.0 : G3: Cognitive cognitive
Community / gg%nl\l;[l(‘;gtor training G1&G2: 30 mi training is )
Atas Balci et al dweller/ 45(Intervention trai.ning (Successive) G3: 60 mi /mm P d G1: 1171 BBS more Capacity-
tas Balci et al. . L Minutes: : 60 min 30 min Te an G2: BBS successful at sharin:
2022) [63] 39 female and Gl: (Minutes: ( 3 times/ re 1 : i .
(2022) [62 6 male/ 15/Intervention +/Load: 30/Complex- e P G3: 111 BBS improving theory
University/Turkey ~ G1: 15/Control +/C om. lexity: ity: balance and
G3: 15) /A dei)n' " Z 1/ Administer: reducing fall
Ph siothelrs;;lie ' Physiothera- fear in the
A pist) elderly.

pist)
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i . Seconda .
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balance.




Int. |. Environ. Res. Public Health 2022, 19, 16890

9 of 33

Table 2. Cont.

Intervention (Dual-Task)

Effectiveness of Intervention

i . S d .
Authors/ Population/Gender/ Mean Age/Age Primary Task ec-l?:kary Dosage Total Time Assessment Authors Proposed
Study Setting/ Range/Sample S - Control :
Year Country Size - Time Balance Falls Conclusions Theory
(g:xl;/}l)\i[ é;‘::;‘;zfgﬁﬁlﬁggl (Duration/Week/Total) (DT)
SRT outcomes
Community 68.3/ c . Motor ) v\ﬁere légrtter in }Exect_xtive
de Dliveira dweller/ F Motor training Tr(‘?"%;lil;lg ‘ 60 min/ Pre, second, fraining %\I%t?lgggtloni ivliigz C § rgg’% tﬁrelgil}?n
etal. -/ 50 (Repetation: A 3 times/ i 4 (Repetation: ! . ;
(2021) [55] y (Intervention: ; (Reputation: 24 week and post ; Control: 11 resulted in Multicomponent
. Brazil 25/ eCor?tro? 25) 7-12/Load: 1) 1-5/Load: 1) eeis 7-12/Load: BBS greater gains training
’ I in the TUG approach
test.
]l;iflestyle
alance
; Intervention: training
Community
dweller 65.65/ Motor training 3 min/ ™M1 TUG program
/ i - 11 FRT during tooth
Granacher etal. 27 female and 60-72/ Motor training (Load: 2 times/ 336 min for Pre and No LIRT Control: b hg . Attention
(2021) [45] 24 male/ 51(Intervention: (3 min) 1/Complexity:  daily/ 112 sessions post-test intervention T Ontrok: brushing 1s theory
Laboratory / 27 /Control: 24) 1 8 weeks L TUG insufficient to
Germany + ERT improve
HRT balance and
muscle
strength.
Games-based
balance
biofeedback
trainin;
gomlrlnu/nity . Motor signiﬁc%mtly
Heiden, and weller Motor training . 30 min/ Pre-post and training . improves .
Lajoie. él ferlnale and _1 6(Int tion: (30 min/ tCo_gr}ltlve 2 times/ retention test (60 m/ ITr%tTe ggrg\ttll\c/}n. functional glttennon
(2010) [48] male/ 9 /Crg)ﬁir\gifl;)o n Instructor) raing 8 weeks (2 weeks) 2 times/ balance by eory
_Canada ’ 8 weeks) reducing the
attentional
demands of
postural
control.
G1: Motor
i Greater degree .
training y : Multicomponent
Community 72/ (Complexity: Intervention: g;ﬁfggﬁg training
dweller/Home " . N : . approach
Hinman et al. and laboratory/ gg ?7/ e G2: Motor G2: Cognitive 20 min/ No sz 11 BBS W?O received Low-tech
(2002) [50] 55 female and (Intervention: 2 inin frainin. 3 times/ Preandpost o oo Gl 1T BBS intense V-tech
en}a € an 28 /Intervention: ng & 4 weeks Control: 11 training gpproa?.
%381261 e/ 30/ Control: 30 g(())arc]il'ln/ BBS beyond Whipple's
1 /Cdmplexity: 4 weeks mostly ;onc;gr;tcﬁnon
) benefited. PP '




Int. |. Environ. Res. Public Health 2022, 19, 16890 10 of 33
Table 2. Cont.
Intervention (Dual-Task) Effectiveness of Intervention
i . Seconda: .
Authors/ Pglt’l‘l“liahs"e“tjtﬁle‘;der/ Mean Age/Age Primary Task Task ry Dosage Total Time Assessment Authors Proposed
Range/Sample Control
Y y 8 ge/Samp Th
ear Country Size Rep/Mi I Task/Load/ Time Balance Falls Conclusions eory
(C :xl; pl el)r(\:tl;(;z d;ii ni S(z: 0 (Duration/Week/Total) (DT)
Dual task
Community 716/ o . - E&;{l;r;rc% .
Hiyamizu et al. dweller/ _/ Motor. training Cognitive 60 min/ Motor Interventlon. improves Working
) 26 female and on (Administer: o 2 times/ Pre and post L and Control: . Memory
(2012) [49] 43(Intervention: h training training standing
10 male/ 21,/Control: 22 Therapist) 12 weeks NS 11 TUG I model
Japan ontrol: 22) postura
control in the
elderly.
. G1: Motor Balance Working
Commumty 68.6/ trainin: ini
g . . training memory
Javadpour dweller/ 65-79/ . G2: Motor . . 40-60 min/ InterventionG1&G2: enhance gait model
tal 49 female and 69(Intervention training G2: Cognitive 3 times/ Pre and post No TM1FAB h Task oriented
ea. . 20 male G1: 23 and G2: o training p intervention Control: NS smoothness
(2022) [21] - 23 and control: (Adm1n15ter. 6 weeks FAB and balance in approach
Tran 23) ' Physiothera- healthy older Goal oriented
pist) persons. approach
Automaticity
of maintaining
Communi . a static posture
dweller/ v 70.85/ Motor training 60 min/ P J Inte%zggtlon: increases
Lajoie. 20 female and -/ (Repetatopn: Cognitive 5 t'mm / rte ‘ Ptf)s tan No " 1% significantly Attention
(2004) [51] 4 male 24 (Intervention: 15/1 min/ training 8 vifr::lfs fg x?vréelﬁg) intervention Control: NS ° after postural theory
s/-/ 12/Control: 12) Complexity: 1) BBS training with
Canada feedback
fading
protocol.
Community
dweller/ i Treadmill with
100 female 73.75/ Motor training g:{gnr;ﬁlve 45mi P d z[eg;oi; virtual reality Integrated
Mirelman et al. 861182 l’;léll?/ 60-90/109 (Load: (Load: & 3 tiﬁlens// rgférﬁ?(f; an (45 mi f / training motor and
(2016) [56] inic/Belgium, (Intervention: 1/Complexity: - o ’ Incidence rate  resulted in cognitive
srael, Italy, 52/Control: 57) 3 $ )/ Complexity: 6 weeks (24 weeks) g argsﬁs/) lower fall fheory
Netherlands, and rates.

UK




Int. |. Environ. Res. Public Health 2022, 19, 16890

11 of 33

Table 2. Cont.

Intervention (Dual-Task)

Effectiveness of Intervention

Population/Gender/ Mean Age/Age . Secondary D .
Authors/ Study Setting/ Range /Sga mp%e Primary Task Task osage Total Time Assessment Control Authors Proposed
Year C . Time Conclusions Theory
ountry Size " Balance Falls
(Rep/Minutes/Task/Load/ (Duration/Week/Total) (DT)
Complexity/Administer) uration/eeldlota
Under stable
and unstable Divided
situations, ivide
. it Intervention: volitional attention
69.4/ G1: Motor %g.irig%mtwe Gl1: stepping theory
Community bt N training (Unstable 111 Y-BT exergames are Sftlect}ve
dweller/ 45(Intervention G2: Motor surface) 40 min/ Maintain a TTTTUG an effective ’?h A
Morat et al. 17 male and 28 . training . ik Pre and G2: training eory
Gl: . G2: Cognitive 3/ level of . Cognitive
(2019) [52] female/ 15/Intervention (Load: . Training 8 weeks post-test activity 111 Y-BT method with st
-/ Gl: 15/Control: &/ Administer: 55 15 1T TUG excellent flexibility
Germany 15). : Study min//Stud Control: adherence theory
assistant) ) y 11 Y-BT rates for Working
assistant) 4 TUG improving memory
functional model
balance and
calf strength.
Traditional,
G1: Motor multisensory,
training G1: Cognitive and dual-task
Community 2847/0 / G2: Motor training balance
. dweller/ - . training G2: Cognitive . . training is
gzrfatollahl 12 male and 32 %71(:1ntervent10n tG3': Motor tramlpg gOtlrrrrlllens// Pre and g:grggﬂ?r%i beneficial for Attention
(2016) [22] -female/ 19/Intervention (;;Hrg?f 1 Eﬁg nn1111nn1é ter: 4 weeks post-test 111 FAB L’Zﬁ;"c‘grﬁith theory
Tran %2) 19/Control: Administer: Physiothera- no clear
Physiothera- pist) advantage
pist) over the
others.
Divided
G1: Motor Informal Working ta}tlteeorit}l,on
training G1: Motor meeting+ . memory and .
-/ 686%1/ G2: Motor training 60-80 mi P d Maintain Icr;llt?rvegggn balance ﬁltégrrmon
Norouzi et al. 60 male/ o/ : training (60-80 min/ —80 min/ re, post, an physical i performance E }’t
2019) [23] 65-75/ (Intervention: (Repetation: Physiotherapist) 5 Hmes/ retention activities+ G2: 771 BBS i a xecutive
= : : ! : unction
( 20/Intervention: p ! YSIOtNErapist) 4 yyeeks (12 weeks) Control: improve funct
Iran 20/Control: 20) 8/60-80 min/ G2: Cognitive Refrain from 11 BBS more with theory
Load: . training sports mCdtt than Working
1/Physiotherapist) activities with mMdtt. memory

model




Int. |. Environ. Res. Public Health 2022, 19, 16890

12 of 33

Table 2. Cont.

Intervention (Dual-Task)

Effectiveness of Intervention

Authors/ Pg}t)u‘liatisoxlltGex;der/ Mean Age/Age Primary Task Sec_lg)axétli(ary Dosage Total Time Assessment Authors Proposed
Year udy Seting Range/Sample Time Control Conclusions Theory
Country Size (Rep/Minutes/Task/Load/ Balance Falls
C epriviinutes/1asdLoa (Duration/Week/Total) (DT)
omplexity/ Administer)
Multiple-task
exercises
Community 69.75 Intervention: combined with
dweller/ 65;75/ / Motor training  G1: Cognitive 45 min/ 111 BBS and cognitive tasks
Pradhan et al. 18 male and 22 40(Intervention: (Load: training 3 times/ Pre and post Walk M1 TUG improve gait Attention
(2018) [46] female/ 20/Intervention: |/ Complexity: (C40 mi? /. b hweeks test %gg‘fgfk 7 Ealar}ce by theory
- ’ D) omplexity: eeping
India 20) gl M1 TUG people awake
and attentive
while walking.
DT costs of
walking, gait
initiation, and
divided
attention are
reduced when
Homes-for-the- strength- .
aged and . tGl : Motor balance and }Exec;.}tlve
Reve and de community _8 / 5/ Cr;a21m1\1/? §t0r G2: Cognitive 40 min/ 10 min/ Pre, post and cognitive tﬁggrlon
Bruin dweller, vicinity L T : 08 2 times/ 3 times/ retention test 1 % training are eory
(2014) [57] h 182(Intervention:  fraining training 12 weeks weeks (48 weeks) combined Divided
g omes/ 94/Control: 88) (40 min/Load: Streneth-and- attention
-G/ Switzerland, Torl) bal g theory
ermany alance
training
enhances
executive
functioning
lowering the
risk of falling.
Theory-driven
rehabilitation
programs
Community . . No Intervention: significantly
78.7/ Motor training Motor training . . . 11 BBS improve the Theory of
goasre e ggvf(grls:rﬂ/e and 13 72-85/ : (Load: : (Load: : %ilrr?llens// Pre and post Kllf)ir:ligrhomr 1T TUG. Cor}:trol of perception and
(2000) [47] male/Laborator 45 (Intervention: T/Complexity: T/Complexity: 8 weeks test hysical Control: bodily control body
¥ 24/Control: 21) 1 )] D i 11 BBS orientation in orientation.
/USA activities T TUG both static and

dynamic
action
environments.




Int. |. Environ. Res. Public Health 2022, 19, 16890

13 of 33

Table 2. Cont.

Intervention (Dual-Task)

Effectiveness of Intervention

. . S d i
Authors/ Popu‘liatlon/Gex;der/ Mean Age/Age Primary Task ec_lg)ax;kary Dosage Total Time Assessment Authors Proposed
Y Study Setting Range/Sample Ti Control Conclusi Theo
ear Country Size : ime Balance Falls onclusions ry
(Rep/Minutes/Task/Load/ .
Complexity/Administer) (Duration/Week/Total) (DT)
Gl1: Motor
G2: Metor e theory
trainin; . ..
Communi 74'_8/ G3: M(g(;tor people with Divided
ty 65-85/ ;Y bal attention
i dwellers/ 23 e G2+ G3: 45 min/ impairment theor
Silsupadol 18 female and (Intervention G1:  (Repetation: oo min InterventionG1,G2&G3: mpairments. y
etal Cognitive 3 times/ Pre and post Single-task Task
; 5 male/ 8/Intervention 4/12 min/ {3 K p 11 BBS ingle-task is ] )
(2009) [58] Laboratory/ . Load: training 4 weeks unable to integration
USA 8/Intervention 1/Complexity: transfer to model.
G3:7) 1/ dual-task Task-
Physiotherapisté&2 balance automation
Research control. model
assistance)
Study presents
preliminary
Community 7247/ evidence that
dwellers/ i . cognitive Executive
; 66-79/ : Intervention: 7 ;
Smllth-Ray 212 feini;le and 45 Cognitive exercise (3 Computer gOt min // Pre and No training {Enctlon
etal mae/ (Interventon: 23 games) mes post-test intervention Control: 11 IMproves cory.
(2014) [66] Community and Control: 10 weeks BBS balance and Attention
center/ 22) ' mobility in theory
USA older adults
who have a
history of falls.
Independent o
. e 81.9/ . Cognitive
S living facilities/ . IMPACT: Intervention: AN
Smith-Ray 39 female 75-88.3/ . Cognitive exercise (3 Computer 60 min/ 2400 min Pre and 2fall ™M1 TUG tramm_g 152 Executive
et al &12 mals 53(Intervention: ) 3 times/ ACTIVE: ost-test prevention Control: potential function
(2015) [65] iy male 27 and Control: games 10 weeks 750 min P brochures 11 TUG method to fall
USA 2 prevention.
76.4
65-89/60/(20
and Intervention: ~ G1: Motor Agilit
20 and training t gLty
Old-age home/ Intervention: G2t G G2: Motor 60 min/ Intervention ifr?g;‘lori/ges
Talwar et al. g 0 Motor training training 3 t_mm / Pre and Gl G2&G3: bal f Attention
(2015) [59] /- . /(Intervention (Complexity: G3: Motor 1mes post-test / ’ alance n theory
India G1: 20 4/ Administer: training 4 weeks 1 BBS people with
Intervention G2: Physiothera- ‘ balance
20 and pist) problems.

Intervention G3:




Int. |. Environ. Res. Public Health 2022, 19, 16890

14 of 33

Table 2. Cont.

Intervention (Dual-Task) Effectiveness of Intervention

Authors/ Pglt"‘l“liaﬁs"e“tjt g,lex;der/ II\{/Iean 1/‘589/ A%e Primary Task Sec_f);:li(ary Dosage Total Time Assessment c ) Authors Proposed
Year y & ange/sample Time ontro Conclusions Theory
Country Size (Rep/Minutes/Task/Load/ Balance Falls
Complexity/Administer) (Duration/Week/Total) (DT)
g‘i)’r:lrlrel;l?ity- 7/3‘93 / Cognitive Intervf?ntion
Weerdesteyn y . . Motor training training (1st 90 min/ L was effective Multicomponent
et al. (2006) 82 female and 25 (Intervention G1: (ist and 2nd session) 2 times/ Pre and Intervention: inreducing the  training
male/ 49 /Intervention ‘ . 5 X post-test J4LIRR -
[30] Laboratory/ G2: 30/ Control: session) Z[o;or tra}m;\g weeks }gﬁl:lence of approach
Netherlands 28) nd session ’
G1: Motor
training
(Repetaion:
100/5 s/Load:
Community 80.8/ T }/1 Adm}i1nister: Ba}ta.nce did
dweller/ 67-97/ Physiothera- . . not improve
Yamada et al. 15 male and 53(Intervention ist) G1: Cognitive 50 min/ Pre and Interver}tlon rather Attention
p ] 1 time/ G1&G2: || : .
(2011) [60] 38 female Gl: G2: Motor trainin; ost-test : improving theory
g 24 weeks p TUG
/-/ 26/Intervention training ambulatory
Japan G2: 27) (Repetation: function.
100/10s/
Administer:
Physiothera-
pist)
Integrated and ~ Capacity-
G1: Motor consecutive sharing theor
i G1&G2: g y
iH DT bal imi
Community 84.1/ tcr;gl;nl\l/r[lé”tor Co_gf}““’e trai“iilgll’cr? Ségﬁicde
dweller/ -/ training training (G1: InterventionG1 balance and theor
Yuzlu et al. 11 male & 58 (Intervention . . Combine &G2: 60 min/2 times/ Pre and and G2: B y
(40 min/Load gait Task
(2021) [61] 47 female/ G1: 29 and ‘. Subsequently) 8 weeks post-test 1 BBS, 1as .
. 7 p . 1/Complexity: . performance integration
Brlvate institu- Intervention G2: +/ Administer: (40 min/ ) ™M1 TUG were not model
tion/ Turkey 29) Physiothera- Complexityt/ statistically Task-
pist) Physiotherapist) Zi%?iﬁ canly au tgrriation
ifferent. mode
Significantly
Eeriatric nursing 83.07 Motor training Cognitive 30 min/ Intervention: lsrtI;Ft:lr: ‘II:ntghti E:fl?crg dof
Zhang et al. 1; ﬁZ{e & 1/ (Complexity: framing 5 times/ Pre &post test 111 TUG and cadence. resources
(2020) [62] 18 female/ (Intervention: p : (Complexity: 6 weeks P Control: 11 The effect lasts allocation
-/ Cle\ina ¢ 15/Control: 15) N m TUG longer and Attention
requires less theory
er\ergy,

T = Increased, | = Decreased, 11 = Improved, || = Reduced, 111 = Significantly Improved, ] = Remain Same, - = Not Reported, NS = Non-significant. G1 = Group 1, G2 = Group
2, IMPACT = Cognitive Training Improvement in Memory with Plasticity-based Adaptive Cognitive Training, ACTIVE = Advanced for Independent and Vital Elderly, BBS = Berg

Balance Scale, TUG = Timed Up and Go, CB&M = Community Balance and Mobility Scale, OLS = One leg stance, TT = Tandem test, RT = Romberg test, ST = Step test, FAB = Fullerton
Advanced Balance, FSST = Four square step test, FSW = Figure of 8 Walk test, FICSIT-4 = Frailty and Injuries Cooperative Studies of Intervention Techniques test, Y-BT = Y-balance test,
TBAT = Tinetti Balance Assessment Tool, Balance Exercis, TPOMA = Tinnetti Performances Oriented Mobility Score, FRT = Functional reach test.



Int. J. Environ. Res. Public Health 2022, 19, 16890 15 of 33

3.3.3. Dosage of Dual-Task Training

Training sessions lasted between 3 [45] and 90 min [30] per session. Eleven
studies [22,23,30,44,49,51,55,59,61,64-67] had 60 min or longer sessions. The frequency
of training varied from once a week to every day and the length of training ranged from
four weeks to a year [44,45,59,60]. Notably, in one study [45], twice-daily exercise lasted
only three minutes. Only seven studies [28,44,45,57,63-65] reported the duration of the
secondary task, and the highest duration noted was 30 min [63].

3.3.4. Study Comparator and Follow-Up

Thirteen of the 30 included studies [21,23,30,45,47,50-52,54,64—-67] employed passive
comparators instructing participants to either follow the fall prevention booklet (1 = 1),
continue with routine care (n = 3), or receive no intervention (n = 9). One study did
not specifically report pre- and post-assessment time [44]. Six studies [23,43,48,51,56—67]
included a follow-up assessment after the intervention phase, and the follow-up period
ranged from 2 weeks [48,51] to 12 months [57].

3.3.5. Outcome Measures

Balance was assessed in 25 studies [21-23,28,29,44-50,52-55,58-66]. Almost 30% of the
studies employed the BBS [23,28,50,51,55,58,59,63,66], while six [45,49,52,60,62,65] used the
TUG scale, and both scales were utilized in three studies [46,47,61]. Three studies [30,56,57]
examined falls and reported the data as a percentage [57] or incidence rate ratio [30,56].
Both outcomes, balance and falls, were measured in two studies [51,67].

3.3.6. Treatment Effects

Twenty-three (76.6%) [21-23,28,29,44-48,50-53,55,58,59,61-66] of the 30 included studies
reported improvement in balance after DT training, while 5 (17.8%) [30,51,56,57,67] reported
a reduction in the number of falls. Seventeen (63%) [21,22,28,29,44,46,48,51,52,55,59,61-66]
out of 27 studies found significant improvement in balance measured using the BBS, TUG,
TBAT, FAB, FSST, F8W, FRT, CM&M, FR, or Y-BT scales and 1 (20%) [56] out of 5 studies
reported significant improvement in falls using the incidence rate ratio. Fifteen motor-
cognitive training studies [21-23,28,29,44,46,48,51,52,55,61-64] demonstrated significant
balance improvement after DT training, whereas three [28,59,64] out of six [23,28,45,47,59,64]
studies using motor-motor and two studies using cognitive—cognitive [65,66] types of
training demonstrated significant balance improvement as assessed using the BBS, TBAT,
F8W, CB&M, FR, T-BT, TUG, FSST, and FRT scales.

3.3.7. Theories Reported in the Included Studies

Among the 30 included studies, 20 different theories to explain balance improvement
following DT interventions were identified. A single theory was documented in 19 stud-
ies [22,28-30,44-49,51,53,56,59,60,63-65,67]. More than one theory was reported in 12 stud-
ies [21,23,50,52,54-58,61,62,66], and of these, four studies [23,52,58,61] reported four theories.
The attention theory was proposed to explain the improvement in balance and reduction in
falls following the DT intervention in 14 studies [22,23,28,44-46,48,51,58-60,62,64,66]. The
predominant theory invoked was the competition theory of attention, which was used
in over a third [22,28,44-46,48,51,58-60,64] of all studies primarily (explained first, either
alone or along with other theories) and in three studies secondarily (not explained as a
primary theory, but presented along with other theories) [23,62,66]. The competition theory
of attention has been extensively proposed as an underlying theory to explain improving
balance, mostly in the application of motor-cognitive and motor-motor types of DT training.
Figure 3a illustrates the pathway for improvement in balance following DT intervention
using the attention theory model. In this model, the attention of the brain responds to a
winning stimulus from multiple competing stimuli. In the context of DT, for example, the
winning stimulus of the calculation or cognitive task draws attention during the balancing
exercise or motor task. This shifting attention works to improve motor-cognitive capabili-
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Dual-Task Exercize

ties, which contributes significantly to the improvement in balance. DT theories commonly
suggested to improve balance were executive function in six studies [23,54,55,57,65,66] and
a multicomponent training approach in five studies [29,30,50,55,67]. The executive func-
tion theory focuses on enhancing cognition to improve balance by loading on inhibiting,
updating working memory, and task-set shifting [68], as illustrated in Figure 3b, while
multicomponent theories targeting procedural memory work via multi-phase cognitive
functions to improve balance [69,70], as shown in Figure 3c. The working memory model
was invoked as a primary [21,49] or secondary theory [23,52] in two studies each. The
working memory model focuses on neural efficacy to improve balance via the management
of multiple task processes [23,71], as described in Figure 3d. Likewise, the divided attention
theory, which focuses on rapidly shifting or splitting attentional focus between two tasks,
was referred to as a primary [23,52] or secondary theory [23,52,57,58] in two and four
studies, respectively.
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Figure 3. (a) Concept of neurophysiological phenomenon of attention theory for DT intervention;
(b) Concept of executive function approach in application of DT Intervention; (c) Concept of Mul-
ticomponent Training Approach of DT Intervention; (d) Concept of Working Memory Model in
Application of DT Intervention.

4. Discussion

To the best of our knowledge, this is the first systematic review to summarize the
possible theories underlying the effectiveness of DT interventions for improving balance
and reducing falls in older adults. Identifying the spectrum of theories proposed by authors
underlying the improvement of balance following DT was the objective of this review.
Interestingly we found there were at least 20 theories explaining the improvement following
the intervention. We notice that most of the studies reported more than one theory for the
identified benefits. This is an indication that DT results in the improvement of multiple
domains such as attention, procedural memory executive function and motor function.

The 30 included studies, filtered from a total of 1478 studies identified via database
searches, proposed 20 distinct DT theories. These proposed theories were reported to
explain the improvement in balance (n = 26) and the reduction in the number of falls (1 = 5)
following DT intervention among healthy older adults. The most frequently proposed
theory was the competition theory of attention, which describes the shifting of attention
from one task to a secondary task with DT practice. The DT interventions improved both
motor and cognitive function compared to various controls.

The competition theory of attention was used to describe the improvement in balance
and reduction in falls following DT training; it was cited primarily in 11 studies (36.7%)
and secondarily in three additional studies (10%). This theory is derived from the definition
of attention first proposed by William James in 1890 [72] and involves the central nervous
system, where neurons are subjected to a wide range of internal and external stimuli at
any given instance. Each stimulus competes for the attention of the nervous system [73].
The nervous system filters the stimuli by considering the challenges and attending to the
prioritized task [74]. Based on the difficulty and priority of a task, attention shifts from
one task to another. For instance, when an individual is sitting on an inflatable exercise
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ball and catching a tennis ball simultaneously, attention needs to shift from catching the
tennis ball to sitting on the inflatable exercise ball to ensure the safety of the user. The
attention theory was used to explain balance improvement, as the participants were able
to attend to two simultaneous tasks efficiently with repeated practice, and the number
of falls was reduced due to their capacity to increase their multi-tasking ability. Talwer
et al. [59] delivered a square stepping exercise that involved switching one’s attention while
passing a ball under variable priority instructions. The significant difference in balance
measurement after training revealed that gradual practice decreases the reaction time of
passing balls [59].

The competition theory of attention led to the development of the divided attention
theory and the selective attention theory. These theories are mentioned in four stud-
ies [23,52,57,58]. The divided attention concept addresses the limitations of multitasking in
information processing. The inability to process all information simultaneously demands
division of attention, which splits or rapidly switches the attentional focus [75]. DT re-
sults in enhanced divided attention with the use of optimal attention resources in motor
control [19]. This enables splitting attention between the primary and secondary tasks,
which improves the outcomes of the functional task. The selective attention theory explains
how multiple dynamic events and static sources of input are filtered and subsequently
perceived, cognitively processed, and ultimately responded to [76,77]. Balance is consid-
ered a dynamic event [78], and the motor-cognitive DT interventions were intended to
improve multiple dynamic events, including balance [78]. This intervention promotes
parallel information processing and manipulating information [76]. Selective attention
to task-relevant inputs and decision-making about balance performance leads to balance
improvement [78,79]. One study [52] reported that motor-cognitive DT intervention was
effective in improving balance and invoked the theories of both the divided and the selec-
tive attention theories as an explanation. Three more studies invoked the divided attention
theory as an explanation for the improvement in balance [23,58] and reduction in falls [57]
following DT intervention.

The multicomponent or multimodal training approach was proposed to explain the
reduction in fall incidence following DT intervention in five studies [29,30,50,55,67]. This
theory emphasizes that the DT intervention could activate procedural memory, which in
turn enhances cognitive function [70]. Procedural memory is crucial for activities of daily
life [80] and plays a role in multi-phase motor and cognitive functions. Simultaneous activ-
ity of the striatum and caudate nucleus improves procedural memory, targeting both motor
and cognitive functions in one training program [69]. Thus, a multicomponent training
program is appropriate for procedural memory improvement [70]. Based on this theory,
the DT interventions are hypothesized to improve cognitive function, attention, cognitive
control, memory, reasoning, and executive functions simultaneously [67,70]. Multiphase-
based DT intervention improves specific functions by targeting balance through repeated
exercises [81]. Repeated processes enhance cognitive function, improve balance [29], and
reduce the number of falls [30] in older adults. One study [67] examined both outcomes and
found reduced falls, but not improved balance for tandem scale. This may be because this
study used the infrequently tandem balance measurement scales, which are not appropriate
tests for aging participants (mean age of 81.9 years).

The executive function theory was reported in six studies [23,54,55,57,65,66]. It covers
a spectrum of three key cognitive processes for improving balance by enhancing cog-
nition: increasing the load on task inhibition, updating working memory, and task-set
shifting [68,82]. Improvement is achieved through motor-cognitive DT training, DT exer-
cise increases the load on inhibiting primary tasks or motor tasks, updates it on the working
memory, and eases the motor-to-cognitive task switching [54,68]. Together, they improved
executive function, which improved balance and reduced falls. Four studies [23,55,65,66]
used this theory to explain an improvement in balance, while one study used it to explain a
reduction in falls [57] following DT intervention in older adults.
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Two additional theories based on the executive function theory have been proposed to
explain how the motor-cognitive type of DT training helps to improve balance: the working
memory model and the cognitive flexibility theory.

Cognitive flexibility theory explains the ability to spontaneously rearrange information
in an adaptive response to substantially altering situational demands [83]. Task-switching
activities, including DT, require cognitive flexibility [84]. This flexibility is achieved in DT
exercises, which activate the prefrontal, anterior cingulate, and posterior parietal cortices
and basal ganglia, enhancing cognitive flexibility [84]. This theory was proposed in one
study [52] that demonstrated substantial improvement in balance after DT training.

Working memory is necessary for complex task processes, including reasoning, com-
prehension, and learning [71]. The working memory model was proposed to explain the
results in four different studies [21,23,49,52]. Balance improvement occurred due to the
neuronal efficacy resulting from the motor-cognitive DT training, which is responsible for
comprehensive learning via amplifying cognition [23].

Six theories in three studies explained how DT performance improves balance and
reduces falls. In one study [58], the following three theories were described: (1) a task-
oriented approach emphasized improving balance or movement strategies within a given
environment using motor-cognitive exercise [85,86]; (2) a task-automation model led to
complete task automation [87]; and (3) a task integration model introduced effective in-
tegration of two tasks, minimizing the sharing capacity to improve DT performance [87].
These three models propose that balance is enhanced by automating one of the two DT
exercises. Silsupadol et al. combined one of the previously automated tasks into fixed or
variable priority instruction, with balance as the primary task and cognitive task train-
ing as the secondary task [58]. This increased the balance function in older adults with
repeated practice.

In addition to the theories described above [58], three studies proposed the integrated
motor and cognitive theory, the theory of reduced resources, the capacity-sharing theory,
and the limited resource theory to explain the balance improvement following DT interven-
tion. One study [56] evaluating the advantages of motor-cognitive DT training invoked an
integrated motor and cognitive theory to explain the theory of fall reduction. According to
this theory, motor, cognitive, and physical development are all influenced by the biological
predispositions that are most necessary for safe movement [88]. Similarly, motor-cognitive
DT aims to enhance balance and reduce falls in both domains. Mirelman et al. postulated
that combining a treadmill exercise with a cognitive exercise would mitigate fall risk sig-
nificantly during the six months after training [56]. Integrated DT allows tasks to become
habitual and minimizes competition to improve balance.

The reduced resource theory explains that the repetitions in DT training increase
cognitive capacity, which in turn improves balance [62]. The task coordination theory
describes the coordination and management of DT performance to optimize stability
during the performance of concurrent tasks [89]. The capacity-sharing theory states that
effective DT integration promotes DT performance by sharing brain resources between
tasks [90,91]. In other words, sharing capacity improves through task integration, as
brain resources are shared between two tasks, resulting in better DT performance [90].
According to the limited resource theory, the tasks in DT training compete for limited
neural resources [91]. After performing the DT exercise, DT performance improves because
each task becomes automatic and competition reduces [91]. Thus, complex motor-cognitive
training makes tasks automatic and less competitive, thereby improving balance control in
older adults [61].

5. Implications

The findings of this review provides a better understanding of the underlying theories
for improvement following DT training. Our Table 2 reports a summary of the type of
exercise, dosage of intervention, outcomes on balance and falls reduction and the proposed
theory underlying the improvement. These findings benefit researchers by helping them
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to plan future intervention studies that could bridge the literature gap such as including
cognitive—cognitive DT exercises and for the clinicians, these findings will assist in making
a clear choice on the type and dosage of DT intervention for achieving specific health
benefit among the older adults.

This review has several limitations. (1) Most of the studies did not mention the
repetition and allocated time for DT separately (i.e., the dosage for the primary and sec-
ondary tasks). The load and complexity of the exercise, as well as the clinician’s skills, are
key to achieving a successful outcome from intervention; however, they were addressed
inadequately in the included studies. Future RCTs should address these inadequacies
appropriately. (2) Our included studies were restricted to English and Chinese language
publications; therefore, it is possible that potentially relevant studies [92,93] were not
considered. (3) The findings of this study must be interpreted with caution due to the het-
erogeneity in participant characteristics, study methods, type of DT intervention, outcome
measures used, dosage of intervention, study setting and mode of intervention delivery.
(4) More than half (60%) of the studies were classified as having poor methodological
quality, and as quality impacts the study results, this must be considered when interpreting
the findings. (5) Not all RCTs necessarily support the theories. Among the potential studies
for inclusion, two studies [42,43] that did not record an improvement in balance or fall
reduction did not report a theory to support and therefore they were excluded in the full-
text screening stage. In addition, one study [60], though did not record an improvement
mentioned a theory for supporting the benefits of the intervention. (6) We restricted studies
among healthy older adults without pathological conditions and therefore generalizing
these findings to all older adults is limited. Future reviews are warranted to study special
groups of older adults with pathological conditions and (7) we did not attempt to explore
the reasons for improvement among the studies that did not report the theory (n = 2). This
strategy is in line with our review protocol. This review also has the following merits:
(1) extensive searches for relevant studies were performed across 11 databases using a sys-
tematic methodology and (2) since this review exclusively included RCTs, our conclusions
are based on high-quality evidence.

6. Conclusions

This review identified 20 possible theories to explain the improvement in balance and
reduction in falls following DT training among older adults. The dominant theory invoked
to explain the effectiveness of DT training was the attention theory, which is commonly
proposed in motor-cognitive DT studies. In motor-cognitive DT training, attention is
shifted based on the complexity and priority of a task from the motor to the cognitive task
to improve balance and reduce falls incidence among older adults.
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Appendix A

Table Al. Search terms and search strategy for PubMed.

General Search Terms

Themes

Subject Areas

Search Terms Used (Each Term within Criteria Combined with Boolean
Operator ‘OR’)

Population

Older

((older adult) OR (elderly) OR (senior) OR (older) OR (aged))

Intervention

Dual—task AND

((dual—task) OR (dual task) OR (cognitive motor interference) OR
(psychomotor performance) OR (concurrent task) OR (dual task paradigm) OR
(attention-demanding task) OR (divided attention))

Outcome

Balance AND

((balance) OR (equilibrium) OR (posture) OR (postur*) OR (postural control)
OR (postural stability) OR (postural balance) OR (postural sway) OR (sway)
OR (center of pressure) OR (center of mass) OR (posture equilibrium))

Fall AND

((fall) OR (falling) OR (falls) OR (falls, accidental) OR (fall, accidental) OR (slip
and fall) OR (fall and slip))

Study type

Randomize control trial

((Randomized controlled trial) OR (Randomized allocation) OR (Random*) OR
(Clinical trial))

Table A2. Reasons for excluded study after full-text reading.

Studies

Exclusion Regions

[94-97]
[98-100]

Age < 60 years
(n=4)
Balance and falls not outcome (1 = 3)

[101-115] Ineligible intervention (1 = 15)
[116-125] Unavailable full text (n = 10)

[126,127]
[128]

Not RCT (n =2)
Ineligible participants (n = 1)

[129-148] Ineligible measurement scale (1 = 20)

Table A3. Details of the DT training and control.

Authors/Year

Primary Task Secondary Task Control

Akin, et al. (2021) [28]

G1: Aerobic Exercise + G1: Verbal fluency task
Stretching Exercise G2: Half-filled glasses with both
G2: Walk + Aerobic Exercise + hands near the trunk, while the
Stretching Exercises elbows were at 90° flexion.

Anandh, et al. (2021) [44]

G1: Aerobic Exercise + Activity of

daily living on regular surface
G2 Aerobic Exercise + Activity of

G1&G2: Cognitive Training

daily living on uneven surfaces

Ansai, et al. (2016) [67]

G1: Aerobic Exercise + Stretching

Exercise + Balance Exercise
(15 min/Load: TAdminister:
Physical Educator)

G1: Static & dynamic balance No
/cognitive Training intervention

G2: Resistance Exercise
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Table A3. Cont.

Authors/Year Primary Task Secondary Task Control
y ry
G2: Visual attention Tasks + Auditory
G1: Static and Dynamic attention tasks + Planning tasks +
Balance Exercise Verbal fluency task + Simple
. G2: Static and Dynamic mental math
Atag Balci, etal. (2022) [63] Balance Exercise G3: Visual attention Tasks + Auditory
G3: Static and Dynamic attention tasks + Planning tasks +
Balance Exercise Verbal fluency task + Simple mental
math (Successively)
G1: Simple math + Auditory task +
Visual tasks (Fixed
. G1: Stance Activities + Gait Activities priority Instruction)
Bharti &Kumar (2014) [53] G2: Stance Activities + Gait Activities ~G2: Simple math + Auditory task +
Visual tasks (Variable
priority Instruction)
G1: Warmup + Balance Exercise +
Brustio, et al. (2018) [64] ‘C/ngzll;\;afn?z)io‘g;{ance Exercise + G1: Activity of daily life Usual care
Walk + Cool down
Callisaya, et al. (2021) [54] Balance Exercise + Stretching Exercise Eszjlllnigéemory task + step up & E?ervention
G1: Resistance Exercise +
. Balance Exercise G1: Verbal flueny + simple
da Silva, etal. (2021) [29] G2: Active Exercise + mathmatics + Recall tasks
Stretching Exercise
de Oliveira, et al. (2021) [55] Resistance Exercise Xfﬁfﬁrf;izliy + Recall & E)e(ezsct;zce
Granacher, et al. (2021) [45] Daily brushing Balance Exercise Eﬁerven tion
Resistance
. . Resistance Exercise + Stretching Exercise +
Heiden & Lajoie, (2010) [4] Exercise + Balance Exercise Computer game Stretching
Exercise
. G1: Balance Exercise No
Hinman, etal. (2002) [50] G2: Balance Exercise G2: Computer game intervention
. . strength and
Hiyamizu et al. (2012) [49] EEZ;SCEZZT ‘]/E\;;Tlr((i::e + Balance Visul + verbal task balance
g exercise
G1: Balance exercise No
Javadpour, et al. (2022) [21] G2- Balance exercise G2: Verbal fluency task intervention
Lajoie (2004) [51] Balance Exercise Verbal fluency task E?ervention
Mirelman, et al. (2016) [56] Treadmill training Virtual reality: Obstacle negotiation ;I;rae;cilrrln;l
G1: Exergame Maintain a

Morat, et al. (2019) [52]

G2: Exergame under
unstable condition

G2: stepping exergames

level of activity




G2: Visual taks + Simple arithmetic +
Verbal fluency task
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Authors/Year Primary Task Secondary Task Control
G1: Warmup + Balance Exercise +
Cool down G1: Sensory, vision & vestibuler
. G2: Warmup + Balance Exercise + manipulation
Nematollahi, et al. (2016) [22] Cool down G2: Verbal fluency task + Simple
G3: Warmup + Postural task + mathmatics
Cool down
G1: Throwing a ball up and down, Informal
throwing a bag + Holding a bag + meeting+
. . Balancing the cup on the palm Maintain
Norouzi, et al. (2019) [23] Gl: ReS{stance Exerc%se of the hand + Holding a medicine ball  physical
G2: Resistance Exercise - e
in both hands activities+

Refrain from
sports activities

Pradhan, et al. (2018) [46]

Walk

G1: Simple arithmatics

Walk

Reve and de Bruin (2014) [57]

G1: Resistance Exercise + Balance
Exercise + Stretching Exercise
G2: Resistance Exercise + Balance
Exercise + Stretching Exercise

G2: Computer game

No
Eyes open & close + fixed intervention-+
Rose, and Clark (2000) [47] Balance exercise yes op Not alter
support surface .
physical
activities
G1: Balance Exercise
G2: Balance Exercise + Variable
Silsupadol, et al. (2009) [58] priority instruction G2 + G3: Working Memory
G3: Balance Exercise + Fixed
Priority instruction
. Cognitive exercise (3 Computer games) No
Smith-Ray, et al. (2014) [66] (Administer: Research assistant) intervention
2 fall
Smith-Ray et al. (2015) [65] Cognitive exercise (3 Computer games) prevention
brochures
G1: Square-stepping exercise ) . o
Talwar, et al. (2015) [59] (Repetition: 2-16) Sﬁ;fiﬁ;sé?g\}fﬁi‘ﬂj (Cr;ii'ri”‘)ed
G2 + G3: Agility traiing Exercise y ' p Y
Carrying a tray with empty cups +
Balance Exercise + Walk (1st session)  carrying grocery bags or an umbrella No
Weerdesteyn, et al. (2006) [30] Walk + Fall techniques (2nd session) (1st session) intervention
Simulated crowed (2nd session)
G1: Active Exercise + Resistance
Exercise + Balance Exercise
Yamada, et al. (2011) [60] G2: Active Exercise + Resistance G1: Verbal fluency task
Exercise + Balance Exercise
G1&G2: Recall and memory task +
G1: Balance Exercise Simmple arithmmic + Verbal fluency
Yuzly, etal. (2021) [61] G2: Balance Exercise task (G1: Combine &G2:
Subsequently)
Conventional
. s . " .. exercise+
Zhang, et al. (2020) [62] Dynamic coordination exercise Cognitive Training Stretching+

Massages
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Appendix B

Table A4. PRISMA checklist.

Location Where

Section and Topic Item# Checklist Item Item Is Reported
Title
Title 1 Identify the report as a systematic review. 1
Abstract
Abstract 2 See the PRISMA 2020 for Abstracts checklist. 1
Introduction
. Describe the rationale for the review in the context of existing
Rationale 3 2
knowledge.
Objectives 4 Proylde an explicit statement of the objective(s) or question(s) the ’
review addresses.
Methods
Eligibility criteria 5 SpeC}fy the inclusion and exclusion criteria for the review and how ’
studies were grouped for the syntheses.
Specify all databases, registers, websites, organisations, reference lists
Information sources 6 and other sources searched or consulted to identify studies. Specify the 2
date when each source was last searched or consulted.
Present the full search strategies for all databases, registers and
Search strategy 7 o . . . 2
websites, including any filters and limits used.
Specify the methods used to decide whether a study met the inclusion
Selection Drocess 3 criteria of the review, including how many reviewers screened each )3
p record and each report retrieved, whether they worked independently, ™
and if applicable, details of automation tools used in the process.
Specify the methods used to collect data from reports, including how
many reviewers collected data from each report, whether they worked
Data collection process 9 independently, any processes for obtaining or confirming data from 3
study investigators, and if applicable, details of automation tools used
in the process.
List and define all outcomes for which data were sought. Specify
10a whether all results that were compatible with each outcome domain in 3
each study were sought (e.g., for all measures, time points, analyses),
Data items and if not, the methods used to decide which results to collect.
List and define all other variables for which data were sought (e.g.,
10b  participant and intervention characteristics, funding sources). Describe  N/A
any assumptions made about any missing or unclear information.
Specify the methods used to assess risk of bias in the included studies,
Study risk of bias 1 including details of the tool(s) used, how many reviewers assessed 5
assessment each study and whether they worked independently, and if applicable,
details of automation tools used in the process.
Effect measures 1 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean N/A

difference) used in the synthesis or presentation of results.
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Section and Topic

Item #

Checklist Item

Location Where
Item Is Reported

Synthesis methods

13a

Describe the processes used to decide which studies were eligible for
each synthesis (e.g., tabulating the study intervention characteristics
and comparing against the planned groups for each synthesis

(item #5)).

13b

Describe any methods required to prepare the data for presentation or
synthesis, such as handling of missing summary statistics, or
data conversions.

N/A

13c

Describe any methods used to tabulate or visually display results of
individual studies and syntheses.

N/A

13d

Describe any methods used to synthesize results and provide a
rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical
heterogeneity, and software package(s) used.

N/A

13e

Describe any methods used to explore possible causes of heterogeneity
among study results (e.g., subgroup analysis, meta-regression).

N/A

13f

Describe any sensitivity analyses conducted to assess robustness of the
synthesized results.

N/A

Reporting bias
assessment

14

Describe any methods used to assess risk of bias due to missing results
in a synthesis (arising from reporting biases).

N/A

Certainty assessment

15

Describe any methods used to assess certainty (or confidence) in the
body of evidence for an outcome.

N/A

Results

Study selection

16a

Describe the results of the search and selection process, from the
number of records identified in the search to the number of studies
included in the review, ideally using a flow diagram.

13

16b

Cite studies that might appear to meet the inclusion criteria, but which
were excluded, and explain why they were excluded.

21

Study characteristics

17

Cite each included study and present its characteristics.

Risk of bias in studies

18

Present assessments of risk of bias for each included study.

Results of individual
studies

19

For all outcomes, present, for each study: (a) summary statistics for
each group (where appropriate) and (b) an effect estimate and its
precision (e.g., confidence/credible interval), ideally using structured
tables or plots.

N/A

Results of syntheses

20a

For each synthesis, briefly summarise the characteristics and risk of
bias among contributing studies.

20b

Present results of all statistical syntheses conducted. If meta-analysis
was done, present for each the summary estimate and its precision (e.g.,
confidence/credible interval) and measures of statistical heterogeneity.
If comparing groups, describe the direction of the effect.

N/A

20c

Present results of all investigations of possible causes of heterogeneity
among study results.

N/A

20d

Present results of all sensitivity analyses conducted to assess the
robustness of the synthesized results.

N/A

Reporting biases

21

Present assessments of risk of bias due to missing results (arising from
reporting biases) for each synthesis assessed.

N/A

Certainty of evidence

22

Present assessments of certainty (or confidence) in the body of
evidence for each outcome assessed.

N/A
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Table A4. Cont.

Location Where

Section and Topic Item# Checklist Item Item Is Reported
Discussion
Provide a general interpretation of the results in the context of
23a . 17
other evidence.
. . 23b  Discuss any limitations of the evidence included in the review. 19
Discussion
23c  Discuss any limitations of the review processes used. 19
234 Discuss implications of the results for practice, policy, and 19

future research.

Other Information

Registration and

Provide registration information for the review, including register
24a name and registration number, or state that the review was 2
not registered.

Indicate where the review protocol can be accessed, or state that a

protocol 24b protocol was not prepared. 2
o Describe and explain any amendments to information provided at
C . . . N/A

registration or in the protocol.

Support a5 Describe sources of financial or non-financial support for the review, 19
and the role of the funders or sponsors in the review.

Competing interests 26  Declare any competing interests of review authors. 19

Availability of data, Report whic}} of the following are publicly a\.zailable and where they

code and other o7 'can be found: 'template data collection forms; data 'extracted from 19

materials mclud.ed studlgs; data us.ed for all analyses; analytic code; any other
materials used in the review.
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